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(54) ROTATION ANGLE DETECTION DEVICE

(57) A rotation angle detection device comprises a
rotor (120) attached to a measurable rotation body (Sh)
for rotating with the measurable rotation body to be meas-
ured a rotation angle, and comprising a magnet (110)
that a magnetic flux density around the measurable ro-
tation body is changed thereby in response to the rotation
angle of the measurable rotation body; a stator (130) to
be attached as independent of the rotation of the meas-
urable rotation body; a detection element ((150)
(151-154)) fixed on the stator for detecting a change in
magnetic flux densitydue to the magnet in response to
the rotation of the measurable rotation body; and a case
for packing the rotor, the stator and the detection element.
By detecting the rotation angle of the measurable rotation
body in response to a detection signal from the detection
element according to the rotation of the measurable ro-
tation body, it becomes able to provide a rotation angle
detection device comprising less number of components,
to be small sized, to be easily assembled, and having
excellent detection characteristics.
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Description

Technical field

[0001] The present invention relates to a rotation angle
detection device to be attached to a rotation body and to
be used for detecting a rotation angle of such the rotation
body.

Background art

[0002] For example, there is used a so-called rotation
angle detection device in a case of detecting a rotation
angle of a steering wheel as integral with a shaft to rotate,
such as a steering shaft of an automobile or the like, by
attaching to such the shaft (for example, refer to a patent
document 1). Here, a configuration of a conventional ro-
tation angle detection device 5 will be described in detail
below, based on the drawings.
[0003] The conventional rotation angle detection de-
vice 5 comprises a rotation angle sensor 5A and a rotation
number sensor 5B as shown in FIG. 20 and FIG. 21.
Moreover, the rotation angle sensor 5A comprises a rotor
10 and a stator 20 as shown in FIG. 20, wherein the rotor
10 rotates asintegral with a steering shaft Sh, meanwhile,
the stator 20 is fixed on a combination switch bracket as
not shown in the figure, via a case 30. Further, the case
30 is made from a metal having a shielding property for
an alternating magnetic field, such as from an aluminum,
a copper, or the like.
[0004] Still further, the rotor 10 is comprised of a rotor
sensing unit 11 of ring shape and a rotor fixing unit 12 of
stepped column shape as shown in FIG. 21. Still further,
the rotor fixing unit 12 is made from a resin, wherein a
diameter reduction portion thereof is engaged with a ser-
ration (not shown in FIG. 21) of the steering shaft Sh and
then to be rotated as integral with a rotation of such the
shaft Sh. Furthermore, the rotor sensing unit 11 is com-
prised of a ring member of variable width in a circumfer-
ential direction made from an electrically conductive
member. Here, the rotor sensing unit 11 is manufactured
by press working a metal having the electrical conduc-
tivity, such as the aluminum, the copper, a silver, a brass,
or the like.
[0005] While, four of fixed cores 21 to 24 are fixed with
an equal interval in a circumferential direction of the rotor
sensing unit 11 at a surface side of an inner sidewall of
the stator 20 as shown in FIG. 20 and FIG. 21. Moreover,
four of the individual fixed cores 21 to 24 is comprised of
a core main body (only a core main body 21a is shown
in FIG. 20) comprised of an insulating magnetic material,
and is comprised of an exciting coil (only an exciting coil
21b is shown in FIG. 20) maintained in the individual core
main bodies inside, respectively.
[0006] Moreover, fixed cores 31 to 34 (only the fixed
core 31 is shown in FIG. 20) are attached at a surface
side of an inner sidewall of the case 30 respectively, as
sandwiching the rotor sensing unit 11 thereby with a pre-

determined distance at positions facing to the fixed cores
21 to 24 at the stator side respectively. Moreover, the
individual fixed cores 31 to 34 at the case side is com-
prised of a core main body (only a core main body 31a
is shown in FIG. 20) comprised of an insulating magnetic
material, and is comprised of an exciting coil (only an
exciting coil 31b is shown in FIG. 20) maintained in the
individual core main bodies inside, respectively, as sim-
ilar to the case of the fixed cores 21 to 24 at the stator
side. Further, individual pairs of the fixed cores 31 to 34
at the case side and of the fixed cores 21 to 24 at the
stator side is maintained using a coil core holder as not
shown in the figure, and then such the coil core holder
is fixed on a printed circuit board in the case inside. Thus,
the individual pairs of the fixed cores sandwiches the
rotor sensing unit 11 with the predetermined distance
under the state of facing thereto respectively.
[0007] Here, the individual fixed cores 21 to 24 and 31
to 34 facing to each other with the predetermined dis-
tance is manufactured as a special order item for a rota-
tion angle detection device. Moreover, the core main
body is made from a soft magnetic material of insulating,
such as a plastic magnet (for example, a mixed soft mag-
netic material in which an Mn-Zn based soft magnetic
ferrite is mixed into a polyphenylene sulfide (PPS) or the
like). Further, the exciting coils packed into the core main
body inside with facing to each other are connected in
series to therebetween respectively, and then electrically
connected to the printed circuit board. Still further, the
exciting coil forms an alternating magnetic field at a sur-
rounding thereof by being flowed an alternating exciting
current, and then a magnetic circuit is to be formed there-
by at between the individual fixed cores to be paired re-
spectively.
[0008] Furthermore, by rotating the rotor sensing unit
11 to be integral with the rotor 10, an incidence rate of
an eddy current occurred due to the alternating magnetic
field of such the exciting coils is to be converted into a
variation in inductance of the coil via a measurement de-
vice and to be detected such the value, and then it is to
be converted into a rotation angle of the rotor 10, that is
to say, that of the shaft Sh.

[Patent Document 1] Japanese Patent Application
Publication No. 2004-226382 (claims 4 and 5, FIG. 1)

Disclosure of the invention

Problems to be solved by the invention

[0009] In the case of the rotation angle detection de-
vice 5 comprising the above mentioned configuration, it
is required to arrange individual pairs of exciting coils and
a core main body for having an equal interval therebe-
tween on a printed circuit board under a state that the
exciting coils and the core main body as the special order
items for the rotation angle detection device are fixed to
the coil core holder for the rotation angle detection device
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as well. Hence, man-hour for assembly and the number
of components therefor become increased, and then a
manufacturing cost becomes expensive.
[0010] Moreover, a thickness of the rotation angle de-
tection device 5 in a rotor axis line direction becomes
thick, and then a size of the rotation angle detection de-
vice as itself cannot help but become enlarged, because
the individual pairs of the exciting coils and the core main
body are arranged on the printed circuit board for facing
to the rotor sensing unit 11. Further, a special wiring proc-
ess is required because the exciting coils and the core
main body as special order items are attached to the
printed circuit board inside the case via the coil core hold-
er, and then a work efficiency of an assembly therefor
becomes worse.
[0011] Still further, it is required to allow a certain de-
gree of a component tolerance or a high degree of an
assembly tolerance between the components after as-
sembling, for designing to improve an assembly easiness
of the rotation angle detection device 5 comprising such
the complicated configuration. And then it becomes re-
quired to arrange the exciting coils as the one pair and
the core main body for sandwiching the rotor sensing unit
11, for absorbing a shift of an output due to a backlash
caused by such the reasons. Furthermore, it becomes
required to use a coil core holder as not commercially
available but special order item for arranging the exciting
coils as the one pair and the coil core at special positions
for sandwiching the sensing unit. As a result, the manu-
facturing cost becomes expensive, and it becomes hard
to achieve a rotation angle detection device to be small
sized, because a thickness of the rotation angle detection
device itself becomes thick for the thickness of the coil
core holder.
[0012] From a view point of each of the above men-
tioned views, in so far as following a basic structure of
the conventional rotation angle detection device 5, it re-
mains a drag on realizing a rotation angle detection de-
vice comprising less number of components, to be small
sized, to be easily assembled, and having excellent de-
tection characteristics.
[0013] An object of the present invention is to provide
a rotation angle detection device comprising less number
of components, to be small sized, to be easily assembled,
and having excellent detection characteristics.

Means for solving the problem

[0014] For solving the above described problems, a
rotation angle detection device according to the present
invention is characterized in that the rotation angle de-
tection device comprises:

a rotor attached to a measurable rotation body for
rotating with the measurable rotation body to be
measured a rotation angle, and comprising a magnet
that a magnetic flux density around the measurable
rotation body is changed thereby in response to the

rotation angle of the measurable rotation body;
a stator to be attached as independent of the rotation
of the measurable rotation body;
a detection element fixed on the stator for detecting
a change in magnetic flux density due to the magnet
in response to the rotation of the measurable rotation
body; and
a case for packing the rotor, the stator and the de-
tection element,
wherein the rotation angle of the measurable rotation
body is detected in response to a detection signal
from the detection element according to the rotation
of the measurable rotation body.

[0015] According to the conventional rotation angle de-
tection device comprised of the combination of the sens-
ing unit and the coil, it becomes to bring on a high cost
of production therefor, because the coil, the coil core, the
coil core holder and the rotor shield are included as the
component parts thereof and such the component parts
are special order items, and then because a complicated
coil wiring processing becomes required due to too many
number of components. Moreover, it becomes hard to
design the thickness of the rotation angle detection de-
vice to be thin and the rotation angle detection device
itself to be small sized, because it is required to arrange
the coil and the coil core via the coil core holder for the
rotor shield to be sandwiched by the coil and the coil core
with a predetermined distance therebetween.
[0016] However, according to the rotation angle detec-
tion device regarding the present invention, it becomes
able to use a detection element comprised of a small
sized coil to be commercially supplied as a so-called chip
inductor, because a change in magnetic flux density due
to the magnet to be rotated with the rotor becomes de-
tected, and then it becomes possible for a rotation angle
detection device itself to be small sized. Moreover, it be-
comes unnecessary to perform the wiring processing,
and then it becomes able to achieve a lower cost therefor,
because it is able to surface mount the commercially sup-
plied coil as the detection element which is the so-called
chip inductor onto such as a stator comprised of a printed
circuit board. Further, it is not required to use a coil core
holder as that for the conventional rotation angle detec-
tion device, because it is not necessary to arrange the
coils for sandwiching the rotor shield. Thus, it is able to
manufacture a rotation angle detection device to be thin-
ner for such the thickness thereof, and then it becomes
possible for the rotation angle detection device itself to
be small sized.
[0017] Moreover, a rotation angle detection device ac-
cording to the claim 2 regarding the present invention is
characterized in that the rotation angle detection device
according to claim 1, wherein the magnet has an annular
shape to surround the measurable rotation body, a half
portion of one side in a circumferential direction of the
magnet of annular shape is a north pole, and a half portion
of another side in the circumferential direction is a south
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pole.
[0018] It becomes able to detect reliably a change in
magnetic flux density according to a rotation of the meas-
urable rotation body using the detection element, by us-
ing the magnet comprising such the configuration, and it
becomes able to enhance a measurement accuracy re-
garding a rotation angle of the measurable rotation body.
[0019] Moreover, a rotation angle detection device ac-
cording to the claim 3 regarding the present invention is
characterized in that the rotation angle detection device
according to claim 1, wherein the magnet has an ellip-
soidal annular shape, an inner side of the magnet is a
north pole and an outer side is a south pole, or the inner
side is the south pole and the outer side is the north pole.
[0020] By using the magnet comprising such the con-
figuration as well, it becomes able to detect reliably the
change in magnetic flux density according to the rotation
of the measurable rotation body using the detection ele-
ment, and it becomes able to enhance the measurement
accuracy regarding the rotation angle of the measurable
rotation body.
[0021] Moreover, a rotation angle detection device ac-
cording to the claim 4 regarding the present invention is
characterized in that the rotation angle detection device
according to claim 1, wherein the magnet has an ellip-
soidal annular shape, a half portion in a thickness direc-
tion of the magnet is a north pole and another half portion
thereof is a south pole.
[0022] By using the magnet comprising such the con-
figuration as well, it becomes able to detect reliably the
change in magnetic flux density according to the rotation
of the measurable rotation body using the detection ele-
ment, and it becomes able to enhance the measurement
accuracy regarding the rotation angle of the measurable
rotation body.
[0023] Moreover, a rotation angle detection device ac-
cording to the claim 5 regarding the present invention is
characterized in that the rotation angle detection device
according to any one of claims 1 to 4, wherein the detec-
tion element comprises the detection elements of one
pair having a same detection characteristics, and the de-
tection elements of the one pair are arranged at the stator
so as to be symmetrical therebetween with respect to a
central axis line of the measurable rotation body.
[0024] By arranging the detection elements of the one
pair at such the positions of the stator, it becomes able
to compensate and then absorb a shift of a signal output
from the detection element due to a backlash occurs ac-
cording to a component tolerance or an assembly of a
rotation angle detection device, and it becomes able to
realize a rotation angle detection with a high accuracy.
[0025] Moreover, a rotation angle detection device ac-
cording to the claim 6 regarding the present invention is
characterized in that the rotation angle detection device
according to claim 5, wherein the pair of detection ele-
ments is arranged as not less than two pairs at different
positions in the circumferential direction relative to the
axis line of the measurable rotation body.

[0026] By providing the pair of the detection elements
as such the two pairs for designing to stabilize output
characteristics for the backlash of the rotation angle de-
tection device itself, it becomes able to measure the ro-
tation angle of the measurable rotation body over 360
degrees without being affected by the backlash of the
rotation angle detection device.

Brief description of the drawings

[0027]

FIG. 1 is a plan view showing an internal configura-
tion of a rotation angle detection device according
to the first embodiment regarding the present inven-
tion.
FIG. 2 is a brief plan view showing with ease to follow
a basic structure of a part of the rotation angle de-
tection device as shown in FIG. 1.
FIG. 3 is an explanatory diagram illustrating a mag-
netic flux in a state where a borderline between a
north pole and a south pole of a magnet is the most
close to another inductor regarding the rotation angle
detection device as shown in FIG. 1.
FIG. 4 is an explanatory diagram illustrating a state
of the magnetic flux in a case of rotating a rotor slight-
ly in a counterclockwise direction (approximately 30
degrees) from the state as shown in FIG. 3.
FIG. 5 is an explanatory diagram illustrating the mag-
netic flux in a state where the borderline between
the north pole and the south pole of the magnet has
an angle of approximately 45 degrees for another
pair of the inductors by further rotating the rotor
slightly in a counterclockwise direction from the state
as shown in FIG. 4.
FIG. 6 is an explanatory diagram illustrating the mag-
netic flux in a state where the borderline between
the north pole and the south pole of the magnet has
an angle of approximately 60 degrees for the other
pair of the inductors by further rotating the rotor in a
counterclockwise direction from the state as shown
in FIG. 5.
FIG. 7 is an explanatory diagram illustrating the mag-
netic flux in a state where the borderline between
the north pole and the south pole of the magnet has
an angle of approximately 90 degrees for the other
pair of the inductors by further rotating the rotor in a
counterclockwise direction from the state as shown
in FIG. 6.
FIG. 8 is a view showing output characteristics for
individual pairs of inductors in the rotation angle de-
tection device as shown in FIG. 1 and FIG. 13, and
an output characteristic diagram showing an induct-
ance output values A and B of the individual pairs of
the inductors with a vertical axis corresponding to a
rotation angle of a rotor with a horizontal axis.
FIG. 9 is an output characteristic diagram showing
an output to be performed an operation processing
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of tan-1 (A/B), and to be superimposed on the output
characteristic diagram as shown in FIG. 8.
FIG. 10 is an explanatory diagram schematically
showing a magnet provided in a pinion and a position
of an inductor arranged at a circumference thereof.
FIG. 11 is an output characteristic diagram showing
an inductance of the individual inductors as shown
in FIG. 10, as an inductance output value of the in-
dividual pairs of the inductors with a vertical axis cor-
responding to a rotation angle of a pinion with a hor-
izontal axis.
FIG. 12 is an output characteristic diagram showing
an output, which is performed an operation process-
ing of tan-1(C/D) using an inductance output differ-
ence C between inductors as one pair and an induct-
ance output difference D between inductors as an-
other pair, and is superimposed on the output char-
acteristic diagram as shown in FIG. 11, as an induct-
ance output value of the individual pairs of the induc-
tors with a vertical axis corresponding to a rotation
angle of a pinion with a horizontal axis.
FIG. 13 is a plan view showing an internal configu-
ration of a rotation angle detection device according
to the second embodiment regarding the present in-
vention.
FIG. 14 is a brief plan view showing with ease to
follow a basic structure of a part of the rotation angle
detection device as shown in FIG. 13.
FIG. 15 is a view illustrating a magnetic flux density
around the magnet in the rotation angle detection
device as shown in FIG. 13, and an explanatory di-
agram illustrating the magnetic flux in a state where
a major axis of the magnet is positioned in a vertical
direction in the figure.
FIG. 16 is an explanatory diagram illustrating a mag-
netic flux with individual inductors in a state of rotat-
ing a rotor in a counterclockwise direction with ap-
proximately 30 degrees from the state as shown in
FIG. 15.
FIG. 17 is an explanatory diagram illustrating a mag-
netic flux with individual inductors in a state of rotat-
ing a rotor in a counterclockwise direction with ap-
proximately 45 degrees from the state as shown in
FIG. 15.
FIG. 18 is an explanatory diagram illustrating a mag-
netic flux with individual inductors in a state of rotat-
ing a rotor in a counterclockwise direction with ap-
proximately 60 degrees from the state as shown in
FIG. 15.
FIG. 19 is an explanatory diagram illustrating a mag-
netic flux with individual inductors in a state of rotat-
ing a rotor in a counterclockwise direction with ap-
proximately 90 degrees from the state as shown in
FIG. 15.
FIG. 20 is a cross sectional view showing an internal
configuration of a conventional rotation angle detec-
tion device.
FIG. 21 is a brief plan view showing a sensing unit

provided in FIG. 20 with an arrangement of a coil
core.

Best mode for carrying out the invention

[0028] A rotation angle detection device 1 according
to the first embodiment regarding the present invention
will be described in detail below, based on the drawings.
Here in the present description, there is described a case
where such the rotation angle detection device is at-
tached to a steering shaft (referred to as a shaft Sh here-
inafter) as a measurable rotation body for detecting a
rotation angle of a steering wheel regarding a steering
device of an automobile.
[0029] The rotation angle detection device 1 according
to the first embodiment regarding the present invention
comprises: a rotor 120 to be attached to a shaft (a meas-
urable rotation body) Sh for rotating with the Sh to be
measured a rotation angle, and comprising a magnet 110
that a magnetic flux density around the shaft is changed
thereby in response to the rotation angle of the shaft Sh;
a printed circuit board (a stator) 130 to be fixed as inde-
pendent of the rotation of the shaft Sh; an inductor 150
(151 to 154) as a detection element to be fixed on the
printed circuit board 130 for detecting a change in mag-
netic flux density in response to the rotation of the rotor
120 as integral with the shaft Sh to rotate; a pinion 140
to rotate as meshing with a pitch wheel 121 to be provided
around the rotor, and comprising a magnet 145 at an
inside thereof; an inductor 160 (161 to 164) to be fixed
on the printed circuit board 130 for detecting a change
in magnetic flux density in response to the rotation of the
pinion 140; and a case 170 for packing the printed circuit
board 130 that the rotor 120, the pinion 140, the inductors
150 and 160, an one chip microcomputer 135 for rotation
angle detection, other electrical components and elec-
tronic components, are mounted thereon, and for config-
uring a part of the stator.
[0030] Moreover, the case 170 is made from a plastic,
such as a polybutylene terephthalate (PBT) or the like,
that the printed circuit board 130 is packed into such the
case inside as a fixed state, and then the rotor 120 is
packed thereinto as rotatable with the shaft Sh. Further,
the case 170 is attached to such as a steering column,
a combination switch, or the like, surrounding the shaft
as independent of the rotation of the shaft Sh, using a
bracket as not shown in the figure.
[0031] Still further, the inductors 151 and 152 as one
pair, and the inductors 153 and 154 as another pair are
attached to the printed circuit board 130, that have same
detection characteristics respectively, for positioning on
a similar plane with the magnet 110 of the rotor 120 at
around a central axis line CL1 (refer to FIG. 2) of the shaft
Sh. And then the inductors 151 and 152 as the one pair
are provided on the printed circuit board for spacing a
same distance from the central axis line CL1 in a diamet-
rical direction with facing to each other on a vertical plane
for the central axis line CL1 of the shaft Sh, meanwhile,
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the inductors 153 and 154 as the other pair are provided
on the printed circuit board for spacing a same distance
from the central axis line CL1 in a diametrical direction
with facing to each other on a vertical plane for the central
axis line CL1 of the shaft Sh as well. Still further, the
inductor 151 (152) and the inductor 153 (154) of the in-
dividual pairs are arranged on the printed circuit board
130 for spacing with an angle of 45 degrees therebe-
tween at a circumference of the central axis line of the
shaft Sh respectively (refer to FIG. 2).
[0032] Still further, the individual inductors 150 com-
prises a configuration in that a coil comprised of a copper
wire is rolled around a ferrite core, and then a so-called
chip inductor is used therefor as commercially supplied,
available to obtain easily, and possible for a surface
mounting onto the printed circuit board 130.
[0033] Still further, the inductors 151 and 152 as the
one pair are connected in series to therebetween, and
the inductors 153 and 154 as the other pair are connected
in series to therebetween as well.
[0034] Still further, a through hole (not shown in FIG.
1) is provided in the printed circuit board 130 that the
rotor 120 to rotate as integral with the shaft Sh passes
completely therethrough, for the printed circuit board 130
so as not to interfere with the rotor 120 at the period of
the rotation of the rotor 120.
[0035] Still further, the rotor 120 has an approximate
cylindrical shape, it is made from a polyacetal (POM) for
example, it is engaged with the shaft Sh using a serration
or the like as not shown in the figure to be rotatable as
integral with the shaft Sh, and that a gear 121a is provided
all around a part of a peripheral surface thereof for form-
ing the pitch wheel 121 at a peripheral part of the rotor.
Still further, the magnet 110 is attached for rotating as
integral with the rotation of the rotor 120, which has an
annular shape of a further larger diameter than that of
the pitch wheel 121 of the rotor 120, at a position to be
on a similar plane with the individual inductors 150 on
the printed circuit board 130 as the position shifted in a
rotor axis line direction to such the pitch wheel 121.
[0036] Still further, the magnet 110 of annular shape
to be attached to the rotor 120 surrounds concentrically
around the shaft Sh, and also it is to be rotated as integral
with the rotation of the rotor 120 as described above. Still
further, a half portion of one side in a circumferential di-
rection of the magnet 110 of annular shape (a right side
half portion in FIG. 1) becomes to be a north pole, mean-
while, a half portion of another side in a circumferential
direction (a left side half portion in FIG. 1) becomes to
be a south pole. And then from the south pole to the north
pole at an inside of the magnet 110, and from the north
pole to the south pole at an outside of the magnet 110,
magnet fluxes become to be generated in parallel to each
other with a parallel anisotropy (refer to an arrow indicat-
ing a direction of the magnetic flux as shown in FIG. 3
through FIG. 7).
[0037] Still further, there is provided the pinion 140 to
be meshed with the pitch wheel 121 at the outer circum-

ference of the rotor 120 and then to rotate together ac-
cording to the rotation of the rotor 120, on the printed
circuit board 130. Here, such the pinion 140 is made from
the polyacetal (POM) for example. Still further, there is
provided the small magnet 145 of discotic shape at an
inner side of the pinion 140, in which a half portion of one
side becomes to be a north pole with a semicircular shape
(a right side half portion in FIG. 1) and a half portion of
another side becomes to be a south pole with a semicir-
cular shape (a left side half portion in FIG. 1) from a view
point of a planar view. Still further, the inductors 161 and
162 as one pair, and also the inductors 163 and 164 as
another pair are arranged around the pinion 140 on the
printed circuit board. Still further, regarding such the in-
dividual inductors 160, the inductors 161 and 162 as the
one pair are arranged on the printed circuit board for hav-
ing an angle of 90 degrees therebetween for a rotation
center CL2 of the pinion 140, meanwhile, the inductors
163 and 164 as the other pair are arranged thereon for
having an angle of 90 degrees therebetween for the ro-
tation center CL2 of the pinion 140. Still further, the in-
ductor 161 (162) of the one pair and the inductor 163
(164) of the other pair are arranged on the printed circuit
board for having an angle of 45 degrees therebetween
for the rotation center CL2 of the pinion 140 respectively,
as shown in FIG. 10. Still further, the inductors 161 and
162 as the one pair are connected in parallel to therebe-
tween, and the inductors 163 and 164 as the other pair
are connected in parallel to therebetween as well.
[0038] Furthermore, regarding the individual inductors
160, there is used the so-called chip inductor therefor as
commercially supplied, available to obtain easily, and
possible for the surface mounting onto the printed circuit
board, as well as the individual inductors 150 to be ar-
ranged around the magnet 110 to be rotated as integral
with the rotor 120 as described above.
[0039] Next, a detection method for a rotation angle of
a shaft Sh using the rotation angle detection device 1
comprising such the configuration will be described in
detail below. Here, a change in magnetic flux around the
magnet 110 at the time of a rotation of the rotor 120 and
of the magnet 110 according to a rotation of the shaft Sh
isexemplary indicated by arrows in FIG. 3 through FIG. 7.
[0040] FIG. 3 shows a state in which a borderline be-
tween anorth pole and a south pole is positioned in the
most vicinity of the inductors 153 and 154 as another
pair. According to such the rotation angle of the shaft Sh
(the rotor 120), the direction of the magnetic flux faces
to the vertical direction in the figure, and it becomes clear
that the magnetic flux crosses the inductors 151 and 152
as the one pair with the angle of approximately 45 de-
grees, meanwhile, the magnetic flux does not cross at
all the inductors 153 and 154 as the other pair. And then
the magnetic flux density of the magnetic flux crossing
the inductors 153 and 154 as the other pair becomes
zero (the minimum), meanwhile, the magnetic flux den-
sity of the magnetic flux crossing the inductors 151 and
152 as the one pair becomes a medium degree.
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[0041] FIG. 4 shows a state in which the shaft Sh (the
rotor 120) is rotated slightly in a counterclockwise direc-
tion in the figure from the state as shown in FIG. 3, for
the borderline between the north pole and the south pole
to be positioned in a counterclockwise direction with
slight distance from the inductors 153 and 154 as the
other pair. According to such the rotation angle of the
shaft Sh (the rotor 120), it becomes clear that the direction
of the magnetic flux faces upward to the left as close to
the vertical direction in the figure, the magnetic flux cross-
es the inductors 151 and 152 as the one pair with an
angle of approximately 60 degrees, and the magnetic
flux crosses the inductors 153 and 154 as the other pair
with an angle of approximately 30 degrees.
[0042] FIG. 5 shows a state in which the shaft Sh (the
rotor 120) is further rotated slightly in the counterclock-
wise direction in the figure from the state as shown in
FIG. 4, for the borderline between the north pole and the
south pole of the magnet 110 to be positioned in a coun-
terclockwise direction with distance as an angle of ap-
proximately 45 degrees from the inductors 153 and 154
as the other pair. According to such the rotation angle of
the shaft Sh (the rotor 120), it becomes clear that the
direction of the magnetic flux faces upward to the left in
the figure, the magnetic flux crosses the inductors 151
and 152 as the one pair in a vertical direction, meanwhile,
the magnetic flux crosses the inductors 153 and 154 as
the other pair with an angle of approximately 45 degrees.
Moreover, the magnetic flux density of the magnetic flux
crossing the inductors 151 and 152 as the one pair be-
comes the maximum, on the contrary, the magnetic flux
density of the magnetic flux crossing inductors 153 and
154 as the other pair becomes a medium degree.
[0043] FIG. 6 shows a state in which the shaft Sh (the
rotor 120) is further rotated slightly in the counterclock-
wise direction in the figure from the state as shown in
FIG. 5, for the borderline between the north pole and the
south pole of the magnet 110 to be positioned in a coun-
terclockwise direction with distance as an angle of ap-
proximately 60 degrees from the inductors 153 and 154
as the other pair. According to such the rotation angle of
the shaft Sh (the rotor 120), it becomes clear that the
direction of the magnetic flux faces upward to the left as
close to the horizontal direction in the figure, the magnetic
flux crosses the inductors 151 and 152 as the one pair
with an angle of approximately 30 degrees, and the mag-
netic flux crosses the inductors 153 and 154 as the other
pair with the angle of approximately 30 degrees as well.
[0044] FIG. 7 shows a state in which the shaft Sh (the
rotor 120) is further rotated slightly in the counterclock-
wise direction in the figure from the state as shown in
FIG. 6, for the borderline between the north pole and the
south pole of the magnet 110 to be positioned in a coun-
terclockwise direction with distance as an angle of ap-
proximately 90 degrees from the inductors 153 and 154
as the other pair. According to such the rotation angle of
the shaft Sh (the rotor 120), it becomes clear that the
direction of the magnetic flux faces to the left for the hor-

izontal direction in the figure, the magnetic flux crosses
the inductors 151 and 152 as the one pair with an angle
of approximately 45 degrees, meanwhile, the magnetic
flux crosses the inductors 153 and 154 as the other pair
in a vertical direction. Moreover, the magnetic flux density
of the magnetic flux crossing the inductors 153 and 154
as the other pair becomes the maximum, on the contrary,
the magnetic flux density of the magnetic flux crossing
the inductors 151 and 152 as the one pair becomes a
medium degree.
[0045] As it is obvious according to the above descrip-
tion, the direction and the magnitude of the magnetic flux
density of the magnetic flux to cross the inductors 151
and 152 as the one pair and the inductors 153 and 154
as the other pair become to be changed with the cycle
of 360 degrees according to the rotation of the shaft Sh
(the rotor 120) respectively. And then a signal processing
is to be performed on such the change in magnetic flux
density using the one chip microcomputer 135 on the
printed circuit board to be connected thereto via the in-
ductors 151 and 152 as the one pair and via the inductors
153 and 154 as the other pair. Regarding such the signal
processing, an output signal A as a total of the inductance
for the inductors 151 and 152 as the one pair becomes
obtained, and an output signal B as a total of the induct-
ance for the inductors 153 and 154 as the other pair be-
comes obtained as well. Moreover, a cycle of the induct-
ance detected from the inductors 151 and 152 or the
inductors 153 and 154 becomes to be as 180 degrees.
[0046] Further, it becomes able to compensate and
then absorb a shift of the output for the individual induc-
tors due to a backlash between the printed circuit board
130 comprising the stator and rotor 120, and also it be-
comes able to enhance an accuracy of the inductance
output from the individual pairs of the inductors 150 as
high as exactly corresponding to the rotation angle of the
shaft Sh, by summing the inductance outputs of the one
pair of the inductors 151 and 152 as a phase of 180 de-
grees shifted therebetween, and by summing the induct-
ance outputs of the other pair of the inductors 153 and
154 as the phase of 180 degrees shifted therebetween
as well, because the inductors 151 and 152 as the one
pair are arranged on the printed circuit board 130 to be
symmetrical therebetween in a diametrical direction with
respect to the central axis line CL1 of the shaft Sh, and
because the inductors 153 and 154 as the other pair are
also arranged on the printed circuit board 130 to be sym-
metrical therebetween in a diametrical direction with re-
spect to the central axis line CL1 of the shaft Sh.
[0047] Such the output signal for the inductance of the
individual pairs of the individual inductors 150 is shown
in FIG. 8 as an output characteristic diagram. As it is
obvious according to the figure, the total output signal A
for the individual inductance of the inductors 151 and 152
as the one pair becomes to show a sine curve as a sum
of the inductance of the individual inductors 151 and 152,
and the total output signal B for the individual inductance
of the inductors 153 and 154 as the other pair also be-
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comes to show a sine curve as shifted therefrom with a
cycle of 45 degrees.
[0048] Moreover, an output of sawtooth waveform is
obtained as shown in FIG. 9, by calculating a value of
tan-1(A/B) using the total output signals A and B for the
inductance of the individual pairs obtained in such the
way. Thus, in the case of the present embodiment, it be-
comes able to obtain an inductance output of the inductor
150 with a cycle of 90 degrees thereby corresponding to
the rotation angle of the shaft Sh, that is to say, the rotor
120.
[0049] While, the inductors 160 measure a rotation an-
gle of the pinion 140 to rotate corresponding to the pitch
wheel 121, that are arranged around the magnet 145
provided in the pinion 140 and around the pinion 140 as
shown in FIG. 1. That is to say, the individual inductors
160 detects individual inductance corresponding to the
rotation of the pinion 140 according to the theory as sim-
ilar to the above description. Here, in such the case, the
inductors 161 and 162 as the one pair are spaced ther-
ebetween as 90 degrees in the circumferential direction
to the rotation center CL2 of the pinion 140 as shown in
FIG. 10, as different from the inductor 150 provided
around the rotor as described above. And then the in-
ductance outputs are shifted in phase therebetween as
90 degrees regarding the inductors 161 and 162 as the
one pair, as shown in FIG. 11. Moreover, the inductance
outputs regarding the inductors 163 and 164 as the other
pair are also shifted as 90 degrees in phase therebe-
tween as shown in FIG. 11, because the inductors 163
and 164 as the other pair are spaced therebetween as
90 degrees in a circumferential direction to the rotation
center CL2 of the pinion 140 as well. Further, the induct-
ance output of the inductor 161 (162) of the one pair and
the inductance output of the inductors 163 (164) of the
other pair are shifted in phase as 45 degrees therebe-
tween respectively, because the inductor 161 (162) of
the one pair and the inductor 163 (164) of the other pair
are spaced therebetween as 45 degrees in a circumfer-
ential direction for the rotation center CL2 of the pinion
140 respectively.
[0050] Here, the inductance output difference C be-
tween the inductors 161 and 162 as the one pair is ob-
tained, and the inductance output difference D between
the inductors 163 and 164 as the other pair is obtained
as well, as shown in FIG. 12. And then an output of saw-
tooth waveform becomes to be obtained as shown in
FIG. 12 by calculating a value of tan-1(C/D). Moreover,
the number of rotation of the shaft Sh, that is to say, the
rotor, for example within a large angle range of between
-900 degrees and +900 degrees is to be calculated pri-
marily using a memory table in a microcomputer inside,
with using a combination of the output of sawtooth wave-
form as shown in FIG. 9 and the output of sawtooth wave-
form as shown in FIG. 12. Further, a corresponding ro-
tation angle in an angle range of between 0 degree and
+360 degrees within such the rotation number range is
determined using the sine curve as shown in FIG. 8. And

then at the final step, an absolute rotation angle within
the angle range of between -900 degrees and +900 de-
grees is calculated in the microcomputer inside. Here,
regarding the calculation of such the absolute rotation
angle, practically a gear ratio between the pitch wheel
121 and the pinion 140 according to the above described
embodiment is changed properly into a gear ratio to be
suitable for an angle calculation and then it is calculated
thereon.
[0051] As described above, according to the conven-
tional rotation angle detection device comprised of the
combination of the sensing unit and the coil, it becomes
to bring on a high cost of production therefor, because
the coil, the coil core, the coil core holder and the rotor
shield are included as the component parts thereof and
such the component parts are special order items, and
then because a complicated coil wiring processing be-
comes required due to too many number of components.
Moreover, it becomes hard to design the thickness of the
rotation angle detection device to be thin and the rotation
angle detection device itself to be small sized, because
it is required to arrange the coil and the coil core via the
coil core holder for the rotor shield to be sandwiched by
the coil and the coil core with a predetermined distance
therebetween.
[0052] However, according to the rotation angle detec-
tion device 1 regarding the present invention, it becomes
able to use a detection element comprised of a small
sized coil to be commercially supplied as so-called chip
inductor, because a change in magnetic flux density due
to the magnet 110 to be rotated with the rotor 120 is
designed to be detected, and then it becomes possible
for a rotation angle detection device to be small sized.
Moreover, it becomes unnecessary to perform the wiring
processing, and then it becomes able to achieve a lower
cost therefor, because it is able to surface mount the
commercially supplied coil as the detection element
which is the so-called chip inductor onto such as a stator
comprised of a printed circuit board. Further, it is not re-
quired to use a coil core holder as that for the conventional
rotation angle detection device, because it is not neces-
sary to arrange the coils for sandwiching the rotor shield.
Thus, it is able to manufacture a rotation angle detection
device to be thinner for such the thickness thereof, and
then it becomes possible for the rotation angle detection
device itself to be small sized.
[0053] Next, a rotation angle detection device accord-
ing to the second embodiment regarding the present in-
vention will be described in detail below, based on the
drawings. Here, regarding a configuration as similar to
that for the rotation angle detection device according to
the above described first embodiment, a detailed descrip-
tion is omitted with using a symbol corresponding thereto.
[0054] As shown in FIG. 13 and FIG. 14, a rotation
angle detection device 2 according to the second em-
bodiment regarding the present invention comprises: a
rotor 220 attached to a shaft (a measurable rotation body)
Sh for rotating with the Sh to be measured a rotation
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angle, and comprising a magnet 210 that a magnetic flux
density around the shaft is changed thereby in response
to the rotation angle of the shaft Sh; a printed circuit board
(a stator) 230 fixed as independent of the rotation of the
shaft Sh; an inductor 250 (251 to 254) as a detection
element fixed on the printed circuit board 230 for detect-
ing a change in magnetic flux density in response to the
rotation of the rotor 220 as integral with the shaft Sh; a
pinion 240 to rotate as meshing with a pitch wheel 221
provided around the rotor, and comprising a magnet 245
at an inner side thereof; an inductor 260 (261 to 264)
fixed on the printed circuit board 230 for detecting a
change in magnetic flux density in response to the rota-
tion of the pinion 240; and a case 270 for packing the
printed circuit board 230 that the rotor 220, the pinion
240, the inductors 250 and 260, an one chip microcom-
puter 235 for rotation angle detection, other electrical
components and electronic components, are mounted
thereon, and for configuring a part of the stator.
[0055] Moreover, the case 270 is made from a plastic,
such as the polybutylene terephthalate (PBT) or the like,
that the printed circuit board 230 is packed into such the
case inside as a fixed state, and then the rotor 220 is
packed thereinto asrotatablewith the shaft Sh. Further,
the case 270 is attached to such as a steering column,
a combination switch, or the like, surrounding the shaft
as independent of the rotation of the shaft Sh, using a
bracket as not shown in the figure.
[0056] Still further, the inductors 251 and 252 as one
pair having same detection characteristics, and the in-
ductors 253 and 254 as another pair having same detec-
tion characteristics as well, are attached to the printed
circuit board 230. And then the inductors 251 and 252
as the one pair are fixed on the printed circuit board 230
for becoming symmetrical therebetween with respect to
a central axis line CL3 of the shaft Sh (refer to FIG. 14),
meanwhile, the inductors 253 and 254 as the other pair
are fixed on the printed circuit board 230 for becoming
symmetrical therebetween with respect to the central axis
line CL3 of the shaft Sh as well. Still further, the inductor
251 (252) of the one pair and the inductor 253 (254) of
the other pair are arranged for having an angle of 45
degrees therebetween at a circumference of the axis line
of the shaft Sh respectively. Still further, the individual
inductors 250 are attached to the printed circuit board
230 for positioning on a similar plane with the magnet
210 of the rotor 220.
[0057] Still further, the individual inductors 251 and 252
(253 and 254) comprises a configuration wherein a coil
is provided of which a copper wire is rolled around a ferrite
core, and then the so-called chip inductor is used therefor
as commercially supplied, available to obtain easily, and
possible for a surface mounting onto the printed circuit
board 230.
[0058] Still further, the inductors 251 and 252 as the
one pair are connected in series to therebetween, and
the inductors 253 and 254 as the other pair are connected
in series to therebetween as well.

[0059] Still further, a through hole (not shown in FIG.
13) is provided in the printed circuit board 230 that the
rotor 220 to rotate as integral with the shaft Sh passes
completely therethrough, for the printed circuit board 230
so as not to interfere with the rotor 220 at the period of
the rotation of the rotor 220.
[0060] Still further, the rotor 220 has an approximate
cylindrical shape, it is made from the polyacetal (POM)
for example, it is engaged with the shaft Sh using a ser-
ration or the like as not shown in the figure to be rotatable
as integral with the shaft Sh, and that a gear 221a is
provided all around a part of a peripheral surface of the
rotor for forming the pitch wheel 221 at a peripheral part
of the rotor. Still further, the magnet 210 is attached for
rotating as integral with the rotation of the rotor 220, which
has an ellipsoidal annular shape of a further larger diam-
eter than that of the pitch wheel 221 of the rotor 220, at
a position to be on a similar plane with the inductor 260
on the printed circuit board 230 and the position shifted
in a rotor axis line direction to such the pitch wheel 221.
[0061] Still further, the magnet 210 of ellipsoidal annu-
lar shape to be attached to the rotor 220 surrounds con-
centrically around the shaft Sh, and also it is to be rotated
as integral with the rotation of the rotor 220 as described
above. Still further, a half portion at an outer side in a
width direction of such the magnet 210 of ellipsoidal an-
nular shape becomes to be a north pole, meanwhile, a
half portion at an inner side in the width direction becomes
to be a south pole. And then from a whole of the peripheral
surface of the magnet 210, magnet fluxes become to be
generated in a radiation direction with a radial anisotropy.
[0062] Still further, there is provided the pinion 240 to
be meshed with the pitch wheel 221 at the outer circum-
ference of the rotor 220 and then to rotate at the same
time therewith according to the rotation of the rotor 220,
on the printed circuit board 230 as described above. Still
further, there is provided the small magnet 245 of discotic
shape at an inner side of the pinion 240, in which a half
portion of one side becomes to be a north pole with a
semicircular shape and a half portion of another side be-
comes to be a south pole with a semicircular shape from
a view point of a planar view. Still further, the individual
inductors 260 is arranged around the pinion 240 on the
printed circuit board. More specifically, the individual in-
ductors 260 comprises an arrangement configuration as
shown in FIG. 10, wherein the inductors 261 and 262 as
the one pair are arranged on the printed circuit board for
having an angle of 90 degrees therebetween in a circum-
ferential direction to a rotation center CL2 of the pinion
240, meanwhile, the inductors 263 and 264 as the other
pair are arranged thereon for having an angle of 90 de-
grees therebetween in a circumferential direction to the
rotation center CL2 of the pinion as well. Still further, the
inductor 261 (262) of the one pair and the inductor 263
(264) of the other pair are arranged on the printed circuit
board for having an angle of 45 degrees therebetween
for the rotation center CL2 of the pinion 240 respectively.
Still further, the inductors 261 and 262 as the one pair
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are connected in parallel to therebetween, and the induc-
tors 263 and 264 as the other pair are connected in par-
allel to therebetween as well.
[0063] Furthermore, regarding the individual inductors
260, there is used the so-called chip inductor therefor as
commercially supplied, available to obtain easily, and
possible for the surface mounting onto the printed circuit
board 230, as well as the individual inductors 250 to be
arranged around the magnet 210 to rotate as integral
with the rotor 220 as described above.
[0064] Next, a detection method for a rotation angle of
a shaft Sh using the rotation angle detection device 2
comprising such the configuration will be described in
detail below. In FIG. 15 through FIG. 19, a change in
magnetic flux around the magnet 210 at the time of a
rotation of the rotor 220 and the magnet 210 according
to a rotation of the shaft Sh is exemplary indicated by
arrows.
[0065] FIG. 15 shows a state in which a major axis of
the magnet 210 is faced to a vertical direction in the figure
and the inductors 253 and 254 as the other pair and the
magnet 210 are distant therebetween. According to such
the rotation angle of the shaft Sh (the rotor 220), it be-
comes clear that the magnetic flux crosses the inductors
251 and 252 as the one pair with the magnetic flux density
of a medium degree, on the contrary, the magnetic flux
density of the magnetic flux crossing the inductors 253
and 254 as the other pair becomes relatively small.
[0066] FIG. 16 shows a state in which the shaft Sh (the
rotor 220) is slightly rotated in a counterclockwise direc-
tion in the figure from the state as shown in FIG. 15 and
the major axis of the magnet 210 becomes quite close
to the inductors 251 and 252 as the one pair. According
to such the rotation angle of the shaft Sh (the rotor 220),
it becomes clear that the magnetic flux density of the
magnetic flux crossing the inductors 251 and 252 as the
one pair becomes quite large, meanwhile, the magnetic
flux density of the magnetic flux crossing the inductors
253 and 254 as the other pair becomes slightly increased
comparing to the minimum value as shown in FIG. 15.
[0067] FIG. 17 shows a state in which the shaft Sh (the
rotor 220) is further rotated slightly in a counterclockwise
direction in the figure from the state as shown in FIG. 16
and the major axis of the magnet 210 becomes just fitted
in the inductors 251 and 252 as the one pair. According
to such the rotation angle of the shaft Sh (the rotor 220),
it becomes clear that the magnetic flux density of the
magnetic flux crossing the inductors 251 and 252 as the
one pair becomes the maximum, meanwhile, the mag-
netic flux density of the magnetic flux crossing the induc-
tors 253 and 254 as the other pair becomes a medium
degree.
[0068] FIG. 18 shows a state in which the shaft Sh (the
rotor 220) is further rotated slightly in a counterclockwise
direction in the figure from the state as shown in FIG. 17
and the major axis of the magnet 210 is positioned almost
in the middle between the one pair of the inductors 251
and 252 and the other pair of the inductors 253 and 254.

According to such the rotation angle of the shaft Sh (the
rotor 220), it becomes clear that the magnetic flux density
of the magnetic flux crossing the inductors 251 and 252
as the one pair and the inductors 253 and 254 as the
other pair becomes a degree as slightly smaller than the
maximum value.
[0069] FIG. 19 shows a state in which the shaft Sh (the
rotor 220) is further rotated slightly in a counterclockwise
direction in the figure from the state as shown in FIG. 18
and the major axis of the magnet 210 becomes faced to
the horizontal direction in the figure. According to such
the rotation angle of the shaft Sh (the rotor 220), it be-
comes clear that the magnetic flux density of the mag-
netic flux crossing the inductors 253 and 254 as the other
pair becomes the maximum, meanwhile, the magnetic
flux density of the magnetic flux crossing the inductors
251 and 252 as the one pair becomes a medium degree.
[0070] As it is obvious according to the above descrip-
tion, the magnetic flux density of the magnetic flux to
cross the individual inductors 251 and 252 as the one
pair and the individual inductors 253 and 254 as the other
pair becomes to be changed with the cycle of 360 de-
grees according to the rotation of the shaft Sh (the rotor
220) respectively. And then a signal processing is to be
performed on such the change in magnetic flux density
using the one chip microcomputer 235 on the circuit
board to be connected to the individual inductors 251 and
252 as the one pair and to the individual inductors 253
and 254 as the other pair. Regarding such the signal
processing, an output signal corresponding to each in-
ductance for the inductors 251 and 252 as the one pair
becomes to be obtained, and an output signal corre-
sponding to each inductance for the inductors 253 and
254 as the other pair becomes to be obtained as well.
[0071] Here, the inductors 251 and 252 as the one pair
are connected in series to therebetween, and the induc-
tors 253 and 254 as the other pair are connected in series
to therebetween as well.
[0072] Moreover, the inductors 251 and 252 as the one
pair are arranged on the printed circuit board 230 for be-
coming symmetrical in a diametrical direction with re-
spect to the central axis line of the shaft Sh, and the
inductors 253 and 254 as the other pair are also arranged
on the printed circuit board 230 for becoming symmetrical
in a diametrical direction with respect to the central axis
line of the shaft Sh. Hence, the inductance outputs of the
inductors 251 and 252 as the one pair become shifted in
a phase of 180 degrees therebetween, and the induct-
ance outputs of the inductors 253 and 254 as the other
pair become shifted in the phase of 180 degrees there-
between as well. Further, it becomes able to compensate
and then absorb a shift of an output from the individual
inductors 250 due to a backlash between the printed cir-
cuit board 230 to comprise the stator and the rotor 220,
and also it becomes able to enhance an accuracy of the
inductance output from the individual inductors 250 as
high as exactly corresponding to the rotation angle of the
shaft Sh, by summing the outputs of the inductors 251
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and 252 as the one pair as such the phase of 180 degrees
shifted therebetween, and by summing the outputs of the
inductors 253 and 254 as the other pair as well.
[0073] Furthermore, the inductors 251 (252) of the one
pair and the inductors 253 (254) of the other pair are
arranged around the central axis line of the shaft Sh with
shifting the angle of 45 degrees therebetween respec-
tively.
[0074] As the result thereof, an inductance output A of
the inductors 251 and 252 as the one pair becomes to
show a sine curve as a sum of the inductance of the
individual inductors 251 and 252 as shown in FIG. 8, and
an inductance output B of the inductors 253 and 254 as
the other pair also becomes to show a sine curve as
shifted therefrom with a cycle of 45 degrees.
[0075] Moreover, it becomes able to obtain an output
of sawtooth waveform as shown in FIG. 9, by calculating
a value of tan-1(A/B) using the inductance outputs for the
individual pairs obtained in such the way. Thus, in the
case of the present embodiment, it becomes able to ob-
tain an inductance output of the inductor with a cycle of
90 degrees thereby corresponding to the rotation angle
of the shaft Sh, that is to say, the rotor 220.
[0076] While, the inductors 260 measure a rotation an-
gle of the pinion 240 to rotate corresponding to the pitch
wheel 221, that are arranged around the magnet 245
provided in the pinion 240 and around the pinion 240 as
shown in FIG. 13. That is to say, the individual inductors
260 evaluates an inductance output difference C be-
tween the inductors 261 and 262 as the one pair, and
evaluates an inductance output difference D between the
inductors 263 and 264 as the other pair, corresponding
to the rotation of the pinion 240 according to the theory
as similar to that for the pinion 140, the magnet 145, and
the inductors 160 to be arranged around the pinion 140
according to the first embodiment. Here, in such the case
as different from that for the above mentioned inductors
provided around the rotor, the inductors 261 and 262 as
the one pair are spaced therebetween as 90 degrees in
the circumferential direction to the rotation center CL2 of
the pinion 240, and also the inductors 263 and 264 as
the other pair are spaced therebetween as 90 degrees
in the circumferential direction to the rotation center CL2
of the pinion 240 as shown in FIG. 10. Hence, the output
of the individual inductors 261 and 262 as the one pair
is shifted therebetween in phase as 90 degrees, and the
inductance outputs of the inductors 263 and 264 as the
other pair are also shifted therebetween as 90 degrees
in phase, as shown in FIG. 11. Moreover, the inductor
261 (262) of the one pair and the inductor 263 (264) of
the other pair are shifted therebetween in phase as 45
degrees respectively, because the inductor 261 (262) of
the one pair and the inductor 263 (264) of the other pair
are arranged with spacing therebetween as 45 degrees
in the circumferential direction for the central axis line of
the pinion 240 respectively. Here, as shown in FIG. 12,
it is able to obtain an inductance output difference C be-
tween the inductors 261 and 262 as the one pair, and it

is able to obtain an inductance output difference D be-
tween the inductors 263 and 264 as the other pair as
well. And then an output of sawtooth waveform becomes
obtained as shown in FIG. 12 by calculating a value of
tan-1(C/D). Moreover, the number of rotation of the shaft
Sh, that is to say, the rotor, for example within a large
angle range of between -900 degrees and +900 degrees
is calculated primarily using a memory table in an one
chip microcomputer inside, with using a combination of
the output of sawtooth waveform as shown in FIG. 9 and
the output of sawtooth waveform as shown in FIG. 12.
Further, a corresponding rotation angle in an angle range
of between 0 degree and +360 degrees within such the
rotation number range is determined using the sine curve
as shown in FIG. 8. And then at the final step, an absolute
rotation angle within the angle range of between -900
degrees and +900 degrees is calculated in the one chip
microcomputer inside. Here, regarding the calculation of
such the absolute rotation angle, practically a gear ratio
between the pitch wheel 221 and the pinion 240 accord-
ing to the above described embodiment is changed prop-
erly into a gear ratio to be suitable for an angle calculation,
and then it is calculated thereon.
[0077] Regarding the assembly of the rotation angle
detection devices 1 and 2 according to each of the em-
bodiments as described above, it is able to assemble
simply the whole of the rotation angle detection device
due to few number of the parts count thereof as men-
tioned above. That is to say, it is not necessary to arrange
a coil and a coil core on a printed circuit board so as to
be faced therebetween with sandwiching a sensing unit
thereby as equidistant from the sensing unit using a coil
core holder as in the same way of that for the conventional
rotation angle detection device.
[0078] Thus, it becomes unnecessary thereby to use
a coil core holder for attaching a coil and a coil core to a
printed circuit board in such the way, and then it becomes
able to manufacture a rotation angle detection device
itself to be thinner, and to achieve the rotation angle de-
tection device 2 to be smaller in size. Moreover, it is not
necessary to attach a coil and a coil core in such the
complicated positional relationship regarding the rela-
tionship with the sensing unit. That is to say, to mount a
chip inductor onto a printed circuit board is all that is need-
ed, as it is commercially supplied, available to obtain eas-
ily, and possible for a surface mounting onto the printed
circuit board 230. Thus, it becomes unnecessary to proc-
ess for complicated wiring between a circuit pattern and
a coil on a printed circuit board in the conventional way,
and then it becomes able to design for reducing a man-
hour on assembly and to suppress a manufacturing cost
regarding a rotation angle detection device.
[0079] Moreover, in the rotation angle detection device
according to the second embodiment, the inner side is
the south pole and the outer side is the north pole re-
garding the magnet of ellipsoidal annular shape, howev-
er, it is needless to say that an inner side may be a north
pole and an outer side may be a south pole regarding a
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magnet, as vice versa thereto.
[0080] Further, as a modified example of the above
described second embodiment, with using a magnet hav-
ing an ellipsoidal annular shape in which a half portion
in a thickness direction thereof is a north pole and another
half portion thereof is a south pole, it may be possible to
obtain functions and advantages as similar to that ac-
cording to the above described second embodiment.
[0081] Still further, according to the above described
each of the embodiments, the inductors as the pair are
prepared with two pairs, and then such the inductors are
arranged onto the printed circuit board for positioning
around the magnet attached thereby as integral with the
rotor. However, the present invention is not limited to the
number of pairs, and inductors as the pair may be ar-
ranged with one pair, or three pairs or more thereof may
be arranged as well.
[0082] Still further, according to the above described
each of the embodiments, the individual inductors is ar-
ranged on the printed circuit board to be on the similar
plane with the magnet, however, it is not required to ar-
range inductors on a similar plane with a magnet if it is
possible for the individual inductors to detect correctly a
change in magnetic flux density due to the rotation of the
magnet.
[0083] Still further, regarding the rotation number of
the shaft Sh, there is used the combination of the magnet
and the inductor according to each of the present em-
bodiments, however, the present invention is not limited
thereto, and it may be also possible to consider to use
any one of combinations of such as a magnet and a Hall
element, a magnet and a magnetic resonance (MR) el-
ement, a magnet and a geneva gear, or the like.
[0084] Still further, the material type of the individual
members embodied in the above described each of the
embodiments is not limited thereto, and it is needless to
say that it may be available to use any materials if it can
bring out the functions of the present invention.
[0085] Still further, the rotation angle detection device
according to the present invention is suitable in particular
to a detection of rotation angle of a steering device for
vehicle to be required a high detection accuracy of rota-
tion angle and cannot help but be allowed a certain de-
gree of component tolerance or a backlash under an as-
sembled state for improving an assembly easiness there-
of as well. Furthermore, the rotation angle detection de-
vice according to the present invention is applicable to
any devices if it is required to evaluate a relative rotation
angle of between rotation axes and/or a rotating torque,
for such as a robot arm to rotate with vibrating, or the like.

Claims

1. A rotation angle detection device comprising:

a rotor attached to a measurable rotation body
for rotating with the measurable rotation body to

be measured a rotation angle, and comprising
a magnet that a magnetic flux density around
the measurable rotation body is changed there-
by in response to the rotation angle of the meas-
urable rotation body;
a stator to be attached as independent of the
rotation of the measurable rotation body;
a detection element fixed on the stator for de-
tecting a change in magnetic flux density due to
the magnet in response to the rotation of the
measurable rotation body; and
a case for packing the rotor, the stator and the
detection element,
wherein the rotation angle of the measurable ro-
tation body is detected in response to a detection
signal from the detection element according to
the rotation of the measurable rotation body.

2. The rotation angle detection device according to
claim 1, wherein the magnet has an annular shape
to surround the measurable rotation body, a half por-
tion of one side in a circumferential direction of the
magnet of annular shape is a north pole, and a half
portion of another side in the circumferential direction
is a south pole.

3. The rotation angle detection device according to
claim 1, wherein the magnet has an ellipsoidal an-
nular shape, an inner side of the magnet is a north
pole and an outer side is a south pole, or the inner
side is the south pole and the outer side is the north
pole.

4. The rotation angle detection device according to
claim 1, wherein the magnet has an ellipsoidal an-
nular shape, a half portion in a thickness direction of
the magnet is a north pole and another half portion
thereof is a south pole.

5. The rotation angle detection device according to any
one of claims 1 to 4, wherein the detection element
comprises the detection elements of one pair having
a same detection characteristics, and the detection
elements of the one pair are arranged at the stator
so as to be symmetrical therebetween with respect
to a central axis line of the measurable rotation body.

6. The rotation angle detection device according to
claim 5, wherein the pair of detection elements is
arranged as not less than two pairs at different po-
sitions in the circumferential direction relative to the
axis line of the measurable rotation body.
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