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FIG. 13
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FIG. 15
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MOTOR ROTATIONAL ANGLE DETECTION
DEVICE AND ELECTRIC POWER
STEERING DEVICE USING MOTOR
ROTATIONAL ANGLE DETECTION DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International
Application No. PCT/JIP2014/053911, filed on Feb. 19,
2014, the contents of all of which are incorporated herein by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to a motor rotational angle
detection device which drives and controls a motor, and
relates to an electric power steering device which uses the
motor rotational angle detection device.

BACKGROUND ART

In a motor such as a brushless motor, a rotation sensor is
provided in order to detect a rotational angle of the motor,
and a motor current is controlled in accordance with the
rotational angle of the motor, which is detected by the
rotation sensor. In this control system, when the rotation
sensor is broken down, and a normal information item of the
rotational angle of the motor is not obtained, a motor control
operation cannot be continued. In a conventional art, as
described in Patent Document 1, duplexed sensors are
provided with respect to the sensor fault, and when a broken
wire or a short circuit is caused in each of the sensors, a
method, which detects an abnormality of the sensors, is
used.

CONVENTIONAL ART DOCUMENT
Patent Document

Patent Document 1: Japanese Laid-Open Patent Publica-
tion No. H04-214949

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the conventional art, although the duplexed
sensors are the sensors which respectively detect a position
of the same object, it is assumed that an output value of a
main sensor and an output value of a sub-sensor are varied
each other in a reverse direction, and there is a problem in
that an abnormality cannot be detected when a sensor, which
has not the characteristic, is provided, or when a fault mode,
in which a broken wire or a short circuit is excepted, is
caused. Therefore, if a plurality of sensors is included, when
an abnormality is caused in the sensors, it cannot be iden-
tified that a fault is caused in any one of the sensors, and
there is a problem in that a normal output value cannot be
continuously outputted.

The present invention has been made to solve the above-
described problems, and an object of the invention is to
provide a motor rotational angle detection device which can
continuously outputs a normal rotational angle even when an
abnormality is caused in any one of multiple motor rota-
tional angle detection units.
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Means for Solving Problems

A motor rotational angle detection device of the present
invention includes a plurality of motor rotational angle
detection units which detect a rotational angle of a motor;
and a normal angle decision device which includes a motor
rotational angle information item and decides a normal
motor rotational angle; wherein when a difference is caused
between output values of the plurality of motor rotational
angle detection units, the normal angle decision device
respectively compares the output value of each of the motor
rotational angle detection units with the motor rotational
angle information included in the normal angle decision
device, and identifies the motor rotational angle detection
unit, in which a difference is small, as the normal motor
rotational angle detection unit, and decides the normal motor
rotational angle.

Effects of the Invention

In a motor rotational angle detection device according to
the present invention, a plurality of motor rotational angle
detection units are included, and when an abnormality is
caused in any one of the motor rotational angle detection
units, a normal motor rotational angle detection unit is
identified by a normal angle decision device, whereby it can
be realized that a normal motor rotational angle is decided
s0 as to be outputted.

An aim, a characteristic, a viewpoint, and an effect of the
present invention, which are not described in the above
explanations, will be cleared by the following detail expla-
nations for the present invention in reference to drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a motor control
system in which a motor rotational angle detection device
according to Embodiment 1 of the present invention is used
for an electric power steering device;

FIG. 2 is a cross-sectional view illustrating a motor
controller for the electric power steering device according to
Embodiment 1, in which a motor and a control unit are
integrated;

FIG. 3 is a cross-sectional view in which peripherals of
rotation sensors in FIG. 2 are enlarged;

FIG. 4 is the other cross-sectional view in which the
peripherals of the rotation sensors in FIG. 2 are enlarged;

FIG. 5 is the still other cross-sectional view in which the
peripherals of the rotation sensors in FIG. 2 are enlarged;

FIG. 6 is a block diagram in which an ignition is turned
on in the motor rotational angle detection device according
to Embodiment 1;

FIG. 7 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 1;

FIG. 8 is a flowchart for explaining the other operation of
the motor rotational angle detection device according to
Embodiment 1;

FIG. 9 is a flowchart for explaining the still other opera-
tion of the motor rotational angle detection device according
to Embodiment 1;

FIG. 10 is a block diagram illustrating a motor control
system in which a motor rotational angle detection device
according to Embodiment 2 of the present invention is used
for an electric power steering device;
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FIG. 11 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 2;

FIG. 12 is a block diagram illustrating a motor control
system in which a motor rotational angle detection device
according to Embodiment 3 of the present invention is used
for an electric power steering device;

FIG. 13 is a cross-sectional view illustrating an arrange-
ment of rotation sensors in the motor rotational angle
detection device according to Embodiment 3;

FIG. 14 is the other cross-sectional view illustrating an
arrangement of the rotation sensors in the motor rotational
angle detection device according to Embodiment 3;

FIG. 15 is a view illustrating a Lissajous circle;

FIG. 16 is a cross-sectional view illustrating an arrange-
ment of rotation sensors in a motor rotational angle detection
device according to Embodiment 4; and

FIG. 17 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 4.

MODE FOR CARRYING OUT THE INVENTION
Embodiment 1

A motor rotational angle detection device according to
Embodiment 1 of the present invention will be explained in
reference to drawings. Reference symbols, which are the
same as those in each of FIGS. 1 through 17, refer to the
same or equivalent parts. FIG. 1 is a block diagram illus-
trating a motor control system in which a motor rotational
angle detection device according to Embodiment of the
present invention is used for an electric power steering
device. A motor 1 is driven and controlled by a control unit
2. The control unit 2 is composed of an inverter 4 which
drives the motor 1, a microcomputer 3 which controls the
motor 1, a pre-driver 5 which outputs a voltage instruction
to the inverter 4 in accordance with an instruction of the
microcomputer 3, and a motor rotational angle detection
device 10. The motor rotational angle detection device 10 is
composed of a main rotation sensor 6 which detects a
rotational angle of the motor 1, a sub-rotation sensor 7, and
a normal angle decision device 8 in which a redundant
rotation sensor 9 is used. The normal angle decision device
8 outputs a decided normal motor rotational angle 14, and
the microcomputer 3 computes (motor control computing
15) a required assist torque by using the outputted motor
rotational angle 14, and the motor 1 is driven by the inverter
4 via the pre-driver 5.

In the electric power steering device according to
Embodiment 1, an operation, in a case where an ignition
(switch) of a vehicle is turned on, is different from an
operation, in a case where the ignition (switch) is turned off
so that the operations will be individually explained.

Firstly, the operation, in a case where the ignition is turned
on, will be explained. When the ignition is turned on in the
electric power steering device, a steering torque, which is
applied to a steering while of a vehicle, is detected by a
torque sensor, and a sub-steering torque corresponding to the
steering torque is generated by an electric motor, and a
steering operation of the while is performed. Hereinafter, a
motor control operation will be explained. The microcom-
puter 3 is initiated in accordance with an ignition signal 11,
and the motor control operation is started. A rotational
position of a rotor of the motor 1 is detected by the main
rotation sensor 6, and the microcomputer 3 computes (motor
control computing 15) a required assist torque by using the
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4

detected motor rotational angle, and the motor 1 is driven by
the inverter 4 via the pre-driver 5.

The rotation sensors will be explained in reference to FIG.
2. FIG. 2 is a cross-sectional view illustrating a motor
controller for the electric power steering device, in which the
motor 1 and the control unit 2 are integrated. A rotor 32 and
a stator 31 are installed in a motor case 33, and the control
unit 2 is arranged at an opposite side of an output shaft of the
motor 1. In a configuration of the control unit 2, the inverter
4, which is used as a power module, is mounted on a heat
sink 34, and microcomputer 3, which controls the inverter 4,
is mounted on a control board 35. The rotation sensors,
which sandwich the heat sink 34, are mounted on a rotation
sensor board at an opposite position with respect to the
control board 35, in other words, at a position near the motor
1. The rotation sensor board 17 and the control board 35 are
linked via a signal terminal 16, and a signal is transmitted,
and a power source is supplied.

The main rotation sensor 6 is mounted on the rotation
sensor board 17. The main rotation sensor 6 is mounted in
such a way that the main rotation sensor 6 is faced to a
magnet 20 for the sensor 6, which is provided at a shaft end
of a shaft 21 of the motor 1. When the shaft 21 of the motor
1 is rotated, the magnet 20, which is provided at a tip of the
shaft 21, is rotated, and a magnetic field, which is caused by
the magnet 20, is varied in accordance with a rotation of the
magnet 20. The main rotation sensor 6 is composed of, for
example, a magnetic resistance element, and the main rota-
tion sensor 6 is used as a sensor by which a rotation magnetic
field of the magnet 20 is detected. The main rotation sensor
6 may be composed of a hall element.

The magnetic resistance element is configured by a bridge
circuit which is composed of at least a pair of magnetic
detection elements (MR element and hall element) which are
arranged in such a way that a phase is deviated at an angle
of 90 degrees in accordance with a rotational angle. In the
motor rotational angle detection device 10 which is config-
ured as described above, a sign wave (sin 0) signal and a
cosign wave (cos 0) signal, which are corresponded to a
rotational angle 6 of the motor 1, are outputted to the
microcomputer 3. The signals are outputted to the micro-
computer 3, and the microcomputer 3 performs a computing
process of an arctangent function (arctan 0) in accordance
with the angle information items, whereby the rotational
angle is obtained.

FIG. 3 is a cross-sectional view in which peripherals of
the rotation sensors in FIG. 2 are enlarged. The rotation
sensor board 17 is provided at a position where the rotation
sensor board 17 is faced to the magnet 20, and the main
rotation sensor 6 and the sub-rotation sensor 7 are mounted
at a surface, which is near to the magnet 20 and is located
at a position extended from a shaft (rotation shaft) of the
motor 1, of the rotation sensor board 17. In this case, the
main rotation sensor 6 and the sub-rotation sensor 7 are
mounted at both surfaces on a lead frame 13 of the same
package 12. When central axes of the rotation sensors are
deviated from the shaft of the motor 1 which is a detected
object, detection accuracy is decreased. However, when the
rotation sensors are mounted as indicated in FIG. 3, the
central axes of the main rotation sensor 6 and the sub-
rotation sensor 7 are not deviated from the shaft of the motor
1 which is the detected object, so that the detection accuracy
of the outputted values from the both rotation sensors is
improved. The redundant rotation sensor 9 is mounted at the
other surface, which is distant from the magnet 20 and is
located at a position extended from the shaft of the motor 1,
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of the rotation sensor board 17. The redundant rotation
sensor 9 can be operated as a rudder angle sensor.

Moreover, as indicated in FIG. 4, it is possible that an
arrangement of the rotation sensors on the rotation sensor
board 17 is reverse to an arrangement of the rotation sensors
in FIG. 3. In other words, it is possible that the redundant
rotation sensor 9 is mounted at a surface, which is near to the
magnet 20 and is located at a position extended from the
shaft of the motor 1, of the rotation sensor board 17, and the
main rotation sensor 6 and the sub-rotation sensor 7 are
mounted at the other surface, which is distant from the
magnet 20 and is located at a position extended from the
shaft of the motor 1, of the rotation sensor board 17. The
redundant rotation sensor 9 can be operated as a rudder angle
sensor. Moreover, the positions of the main rotation sensor
6 and the sub-rotation sensor 7 can be exchanged in accor-
dance with usage. For example, there is a position at which
a uniform magnetic flux density is obtained in accordance
with a distance from the magnet 20, and there is a case in
which detection accuracy is improved when a uniform
magnetic field is obtained. Moreover, there is a case in which
the output is saturated by a strong magnetic field in accor-
dance with a used magnetic resistance element (for example,
a hall element), and there is a case in which an element (for
example, a large magnetic resistance element) is destroyed
by a strong magnetic field, so that there is a case in which
the mounting positions of the main rotation sensor 6, the
sub-rotation sensor 7, and the redundant rotation sensor 9 are
exchanged in order to configure a system having optimum
accuracy.

Moreover, as illustrated in FIG. 5, there is a case in which
the main rotation sensor 6 and the sub-rotation sensor 7 are
adjacently arranged at a surface which is near to the magnet
20, in this case, although a central axis of only one sensor
can be aligned with a position extended from the shaft of the
motor 1, the both sensors detect a rotation magnetic field of
the magnet 20 from the same direction, so that rotation
directions of output values are aligned, and a process using
a rotational angle is easily performed at a control timing or
a fault detection timing. In contrast, as illustrated in FIG. 3,
when the main rotation sensor 6 and the sub-rotation sensor
7 are respectively mounted on a front surface and a back
surface, the output values of the both sensors are outputted
as the rotation values in a reverse direction in accordance
with a specification of the sensors, so that there is a
possibility in which the process is complicated.

The redundant rotation sensor 9 will be explained in
reference to FIG. 3. The redundant rotation sensor 9 is
mounted at the other surface, which is distant from the
magnet 20, of the rotation sensor board 17. The three
rotation sensors are mounted at both surfaces of the rotation
sensor board 17, whereby the three rotation sensors are
aligned at a position extended from the shaft of the motor 1,
so that the detection accuracy of the sensors is improved. A
function of the redundant rotation sensor 9 will be explained
in the following case in which a fault is caused.

Hereinafter, an operation of the normal angle decision
device (unit) 8 will be explained in a case where a fault is
caused in the rotation sensors. FIG. 6 is a block diagram in
which an ignition is turned on in the motor rotational angle
detection device according to Embodiment 1. A rotational
angle is detected by using the main rotation sensor 6 and the
sub-rotation sensor 7, and the output values, which are
outputted from the both rotation sensors, are compared.
When there is a case in which a difference, which is greater
than or equal to a predetermined value (for example, 10%),
exists between the compared output values, it is recognized
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that a fault is caused in the main rotation sensor 6 or the
sub-rotation sensor 7. In addition, in each of Embodiments,
when there is a description of a case in which a difference
exists between the output values, the description represents
a case in which a difference, which is greater than or equal
to a predetermined value (for example, 10%), exists between
the output values.

There is a case in which a fault cannot be detected by
using a fault detection decision value, which is provided in
each of the sensors, in accordance with a fault mode of the
rotation sensor. When a wire is broken or a short circuit is
caused, the output value of the sensor is reached a minimum
value or a maximum value, so that a fault can be detected.
However, there is a fault in which the output value of the
sensor is fixed at an intermediate value within a range of the
output value of the sensor, and the output value of the sensor
is outputted within a normal range in this case, so that the
output value of the sensor is not detected as an abnormal
value. Therefore, double rotation sensors are provided by
using the main rotation sensor 6 and the sub-rotation sensor
7, and the output values of the sensors are compared each
other, whereby an abnormality, in which the output values
are fixed within a normal range, can be detected.

However, it cannot be identified in this moment that a
fault is caused in the main rotation sensor 6 or the sub-
rotation sensor 7. Therefore, the output values of the main
rotation sensor 6 and the sub-rotation sensor 7 are compared
with the output value of the redundant rotation sensor 9.
When double faults are not caused, each of the output values
of main rotation sensor 6 and the sub-rotation sensor 7 is
compared with a motor rotational angle information item,
which is obtained from the redundant rotation sensor 9, of
the normal angle decision device 8, and a motor rotational
angle detection unit, in which a difference is small, is
identified as a normal motor rotational angle detection unit,
whereby a normal motor rotational angle can be decided.

In a conventional electric power steering device, when a
fault is caused in a system, the fault is detected, and an assist
operation is cut off. However, in a recent year, it is required
that a driver does not steer a steering wheel when a vehicle
is automatically driven or automatically parked, and the
system steers the steering wheel. As described above, when
the driver does not directly control a handle, and a fault is
caused in the electric power steering device, and the assist
operation is cut off a car body cannot be controlled in a
similar operation of a handle locking or a self-assist, and
there is a possibility in which an accident is caused. There-
fore, there is a required system in which an assist operation
is not cut off when a fault is caused in the system, and the
fault is detected, and the assist operation is continued.

In the present invention, the motor rotational angle detec-
tion device includes a plurality of motor rotational angle
detection units (the main rotation sensor 6 and the sub-
rotation sensor 7), which detect the motor rotational angle,
and the normal angle decision device 8, which includes the
motor rotational angle information item (the redundant
rotation sensor) and detects the normal motor rotational
angle, and when a difference is caused between the output
values of the plurality of motor rotational angle detection
units, the normal angle decision device 8 respectively com-
pares each of the output values of the motor rotational angle
detection units with the motor rotational angle information
item included in the normal angle decision device 8, and the
motor rotational angle detection unit, in which the difference
is small, is identified as the normal motor rotational angle
detection unit, whereby the normal motor rotational angle
can be decided. In addition, when a difference is not caused
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between the output values of the motor rotational angle
detection units, it is not required that the normal angle
decision device 8 respectively compares each of the output
values of the motor rotational angle detection units with the
motor rotational angle information item included in the
normal angle decision device 8. Therefore, when a differ-
ence is not caused between the output values of the plurality
of motor rotational angle detection units, a load of the
operation is small.

FIG. 7 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 1. An output A (rotational angle) is obtained
from the main rotation sensor 6, and an output B is obtained
from the sub-rotation sensor 7, and an output C is obtained
from the redundant rotation sensor 9 (S1) (symbol “S”
represents a step, and it similarly represents a step in the
following description). The output A is compared with the
output B at S2, and when a difference is not caused (S2, Yes),
the output A or the output B is outputted as a normal
rotational angle (S3). The output A is compared with the
output B at S2, and when a difference is caused (S2, No), the
normal angle decision device 8 decides a formula “|A-
CI>IB-CI” (S4). When the decision is “Yes” at S4, it is
decided that the output A is abnormal and the output B is
normal, and the output B is outputted as a normal rotational
angle (S5). Moreover, the output B is compared with the
output C, and when a difference is caused (S6, No), it is
decided that a fault is caused in the motor rotational angle
detection device 10 (S7). In addition, the output B is
compared with the output C at 86, and when a difference is
not caused, a periodic decision is performed at S6. On the
other hand, when the decision is “No” at 84, it is decided that
the output A is normal and the output B is abnormal, and the
output A is outputted as a normal rotational angle (S8).
Moreover, the output A is compared with the output C at 89,
and when a difference is caused (S9, No), it is decided that
a fault is caused in the motor rotational angle detection
device 10 (S10).

Moreover, the normal angle decision device 8 respec-
tively compares the output value of each of the motor
rotational angle detection units with the motor rotational
angle information item included in the normal angle deci-
sion device 8, when a difference between the motor rota-
tional angle information item, which is included in the
normal angle decision device 8, and the output value of each
of the motor rotational angle detection units is greater than
or equal to a predetermined value, the normal angle decision
device 8 informs an abnormality of the difference to the
outside device of the electric power steering device.

Because three rotation sensors are mounted, when a fault
is caused in one sensor, it can be identified that any sensor
is broken down, and an assist operation can be continued by
the remaining sensors. After the fault of the rotation sensor
is detected, in order to continue the assist operation by the
system, the following realization method is used in Embodi-
ment 1.

When the output value of the main rotation sensor 6 is
compared with the output value of the sub-rotation sensor 7,
and a fault is detected in a state where a difference between
the output values of the both sensors is greater than or equal
to a predetermined value, the output value of the main
rotation sensor 6 and the output value of the sub-rotation
sensor 7 are respectively compared by using the output value
of the redundant rotation sensor 9, and the rotation sensor,
in which a difference is small, is identified as the normal
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rotation sensor, and the output value of the normal rotation
sensor is used as a rotational angle, whereby the assist
operation is continued.

As illustrated in FIG. 3, when the main rotation sensor 6
and the sub-rotation sensor 7 are mounted at a surface,
which is near to the magnet 20, of the rotation sensor board
17, the detected magnetic flux density is increased, and the
detection accuracy of the rotational angle is increased. When
the redundant rotation sensor 9 is mounted at the other
surface, which is distant from the magnet 20, of the rotation
sensor board 17, there is a case in which the detected
magnetic flux density is decreased, and the detection accu-
racy of the rotational angle is decreased. In this case, when
the redundant rotation sensor 9 is used in a state where the
output value of the redundant rotation sensor 9 is respec-
tively compared with the output value of the main rotation
sensor 6 and the output value of the sub-rotation sensor 7,
and any rotation sensor (the main rotation sensor 6 or the
output value of the sub-rotation sensor 7) is detected as a
normal rotation sensor, it is not a problem that the detection
accuracy of the rotational angle is decreased. Therefore, the
normal rotation sensor having high accuracy (the main
rotation sensor 6 or the sub-rotation sensor 7) can be
identified, and the assist operation having high accuracy can
be continued.

Moreover, in the other method, the output value of the
main rotation sensor 6 is compared with the output value of
the sub-rotation sensor 7, and when a fault is detected in a
state where a difference between the output values of the
both sensors is greater than or equal to a predetermined
value, the both output values of the main rotation sensor 6
and the sub-rotation sensor 7 are not used, and the output
value of the redundant rotation sensor 9 is used as a
rotational angle of the normal rotation sensor, whereby the
assist operation is continued. In such a case where the main
rotation sensor 6 and the sub-rotation sensor 7 are installed
in the same package, there is a possibility in which the
sensors are concurrently broken down by a power source
fault, a short circuit between pins or the like, so that the
sensors are feared, and it is possible that the output value of
the redundant rotation sensor 9 is used as a normal motor
rotational angle. As described above, when the fault is
caused in the main rotation sensor 6 or the sub-rotation
sensor 7, it is required that the assist operation is continued
in accordance with the used rotational angle, so that there are
many cases in which a smooth assist control is not required
by using a high accuracy rotational angle before the fault is
caused, and it is possible that the accuracy is decreased by
using the rotational angle of the redundant rotation sensor 9.

FIG. 8 is a flowchart for explaining the other operation of
the motor rotational angle detection device according to
Embodiment 1. The operation, which is different from the
operation in the flowchart indicated in FIG. 7, will be
explained. The normal angle decision device 8 decides a
formula “|A-CI>IB-CI” at S4, and when the decision is
“Yes” at S4, although it is decided that the output A is
abnormal and the output B is normal, the output C is
outputted as a normal rotational angle (S5-1). On the other
hand, when the decision is “No” at S4, although it is decided
that the output A is normal and the output B is abnormal, the
output C is outputted as a normal rotational angle (S8-1). As
described above, when it is decided that a fault is caused in
the main rotation sensor 6 or the sub-rotation sensor 7, the
output value of the redundant rotation sensor 9 may be
outputted as a normal motor rotational angle.

Moreover, as illustrated in FIG. 3, the redundant rotation
sensor 9 is mounted at the surface, which is distant from the
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magnet 20, of the rotation sensor board 17, so that there is
a case in which the detection accuracy of the rotational angle
is decreased. Even in this case, the redundant rotation sensor
9 has sufficient accuracy when the sensor is used as a
rotational angle sensor after a fault is caused.

In this case, as described above, although the output
values of the main rotation sensor 6 and the sub-rotation
sensor 7 are the sign wave (sin 0) signal and the cosign wave
(cos B) signal, which are respectively corresponded to the
rotational angle 6 of the motor 1, the redundant rotation
sensor 9 may be used as a sensor in which a computing
portion is provided, whereby a computing process of the
arctangent function (arctan 6), which is performed by the
microcomputer 3, is performed in the sensor, and the rota-
tional angle, which is obtained by the computing process, is
transmitted by digital communication. In this case, the
digital communication is a pulse output method such as SPI
(Serial Peripheral Interface), PWM or the like. In other
words, the redundant rotation sensor 9, which is used for
deciding an abnormality, and the main rotation sensor 6 and
the sub-rotation sensor 7, which are the decided sensors,
have different output formats. Thereby the normal angle
decision device 8 can perform a decision including a com-
puting process at a rear step of the decided sensors.

Moreover, an analog output method for outputting the
sign wave is basically different from a digital output method
for outputting the computed rotational angle, so that a fault
of a common cause can be decreased when the fault is
caused. For example, when a noise is mixed in a line for
transmitting an output value and an abnormality is caused,
although an analog sensor directly receives an influence with
respect to an AD value, CRC (Cyclic Redundancy Check) or
the like is included in a communication signal at a digital
output sensor, whereby an influence of the noise can be
reduced in a transmission line.

Moreover, when a difference is caused between the output
value of the main rotation sensor 6 and the output value of
the sub-rotation sensor 7, although the normal angle deci-
sion device 8 identifies a normal rotation sensor, the rota-
tional angle of the redundant rotation sensor 9 is respectively
compared with the rotational angle of the main rotation
sensor 6 and the rotational angle of the sub-rotation sensor
7 before the difference is caused between the rotational angle
of the main rotation sensor 6 and the rotational angle of the
rotational angle of the sub-rotation sensor 7, and when the
rotational angle of the redundant rotation sensor 9 is differ-
ent from the rotational angle of the main rotation sensor 6
and the rotational angle of the sub-rotation sensor 7, the
microcomputer 3 decides that an abnormality of the normal
angle decision device 8 is caused. Thereby an error decision,
which is caused by the normal angle decision device 8, can
be prevented.

FIG. 9 is a flowchart for explaining the still other opera-
tion of the motor rotational angle detection device according
to Embodiment 1. The operation, which is different from the
operation in the flowchart indicated in FIG. 7, will be
explained. The output C is respectively compared with the
output A and the output B at 822, when a difference is not
cased in the both comparison operations (S22, Yes), the
output A or the output B is outputted as a normal motor
rotational angle (S23). On the other hand, when a difference
is cased in the both comparison operations (822, No), it is
decided that a fault is caused in the normal angle decision
device 8 (824). Moreover, when a difference is cased
between the output A and the output B (825, No), it is
decided that a fault is caused in the motor rotational angle
detection device 10 (826).
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Next, in order to use the output value of the sensor after
a single fault of the rotation sensor is caused, it is required
that a reliability of the motor rotational angle detection
device 10 is increased with respect to double faults. If the
main rotation sensor 6 is broken down in the main rotation
sensor 6 and the sub-rotation sensor 7, in order to more
detect whether a fault is caused or not caused in the
sub-rotation sensor 7 which is identified as a normal sensor
after the main rotation sensor 6 is broken down, it is
recognized that a difference is not caused between the output
value of the sub-rotation sensor 7 and the output value of the
redundant rotation sensor 9. When a difference is caused, it
is required that an abnormality of the motor rotational angle
detection device 10 is informed to the outside device.
Thereby, when a single fault is caused, a normal sensor is
identified, and a normal motor rotational angle is outputted,
and it is recognized that a fault is not caused with respect to
the motor rotational angle of the rotation sensor which is
identified as a normal sensor, and when an abnormality is
caused, the abnormality is informed to the outside device,
whereby it can be prevented that an abnormal rotational
angle is used.

A function, which is used when the ignition is turned on,
can be realized only by a block diagram illustrated in FIG.
6. FIG. 1 corresponding FIG. 6 is a block diagram in which
an operation of the rotation sensor is varied in accordance
with the ignition signal 11.

Hereinafter, an operation, in a case where the ignition is
turned off, will be explained. When the ignition is turned off,
an assist operation is not required in the electric power
steering device. However, it is required in a recent year that
a function of a rudder angle sensor is included in the electric
power steering device. The electric motor of the electric
power steering device is linked to the steering shaft via a
gear, so that a steering angle, in other words, a steering
rudder angle can be detected by using a rotational angle of
the electric motor of the electric power steering device.

When the ignition is turned on, the electric motor is
controlled, and the motor rotational angle is detected, so that
a rudder angle is computed by using the motor rotational
angle, and the rudder angle can be transmitted to the other
device in a vehicle. In the other case, when the ignition is
turned off, the electric motor is not controlled, and the motor
rotational angle is not detected. However, there is a case in
which a handle is rotated even when the ignition is turned off
so that in order to accurately detect the rudder angle by the
electric power steering device, it is required that the motor
rotational angle is detected even when the ignition is turned
off.

In FIG. 1, an operation in the block diagram (system) will
be explained when the ignition is turned off. When the
ignition is turned on, although the normal angle decision
device 8 according to the redundant rotation sensor 9
includes a function by which a normal side of the main
rotation sensor 6 and the sub-rotation sensor 7 is identified,
and when a state, in which the ignition is turned off is
detected by using an ignition signal, the normal angle
decision device 8 functions as a rudder angle sensor.

When the ignition is turned off, the redundant rotation
sensor 9 is intermittently operated, and a detection of the
motor rotational angle is continued, whereby the rudder
angle can be detected without a problem even when the
ignition is turned off and a handle is rotated. The redundant
rotation sensor 9 is intermittently operated, and the motor
rotational angle is detected, whereby the consumption cur-
rent can be reduced. When the ignition is turned off and an
engine is not operated, and a battery is not charged by an
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alternator, and it is required that the consumption current is
reduced, this operation is an effective means.

In general, when the rotation sensor is separated from the
magnet 20 with a long distance, a magnetic flux density,
which is detected by the rotation sensor, is decreased, so that
the output accuracy of the rotation sensor is decreased.
However, when the redundant rotation sensor 9 is used as a
rudder angle sensor, the output accuracy of the sensor used
for controlling a motor is not required, so that it can be
possible as illustrated in FIG. 3 that the redundant rotation
sensor 9 is mounted at a surface, which is distant from the
magnet 20, of the rotation sensor board 17.

Embodiment 2

In the following Embodiment 2, a difference form
Embodiment 1 will be mainly explained. After a fault of a
rotation sensor is detected, in order to continue an assist
operation by a system, the following realization method is
used in Embodiment 2.

FIG. 10 is a block diagram illustrating a motor control
system in which a motor rotational angle detection device
according to Embodiment 2 of the present invention is used
for an electric power steering device. The three output
values of the main rotation sensor 6, the sub-rotation sensor
7, and the redundant rotation sensor 9 are constantly com-
pared with each other, when any sensor indicates an output
value which is different from the other output values, the
output values at a majority side are used as a normal
rotational angle by using a majority rule, whereby the assist
operation is continued.

Moreover, when the majority rule is used, although the
sensors, of which number is greater than or equal to at least
three, are required, when two output values are finally used
in a case where a difference (in other words, a predetermined
value, for example, a difference which is greater than or
equal to 10%) is caused between the output values of the
sensors, it is informed to a microcomputer at the outside that
an abnormality is caused in a motor rotational angle detec-
tion device 10. Thereby when a single fault is caused, a
normal rotational angle sensor is identified, and a normal
rotational angle can be continuously outputted. However,
when a fault is more caused, and a normal rotational angle
sensor cannot be finally identified, it is informed to the
microcomputer that an abnormality is caused in the motor
rotational angle detection device 10, whereby it can be
prevented that an abnormal rotational angle is used.

FIG. 11 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 2. The operation, which is different from the
operation in the flowchart indicated in FIG. 7, will be
explained. The output A is compared with the output B at S2,
and when a difference is not caused (S2, Yes), the output A
is compared with the output C at S33, and when a difference
is not caused (S33, Yes), the output A, the output B, or the
output C of the rotational angle is outputted (S34). When a
difference is caused at S33 (S33, No), it is decided that the
output A is normal and the output B is normal and the output
C is abnormal, and the output A or the output B is outputted
(S35). Moreover, when a difference is caused between the
output A and the output B (836, No), it is decided that a fault
is caused in the motor rotational angle detection device 10
(837). On the other hand, the output A is compared with the
output B at S2, and when a difference is caused (S2, No), the
output B is compared with the output C at S38, and when a
difference is not caused (S38, Yes), it is decided that the
output B is normal and the output C is normal and the output
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A is abnormal, and the output B or the output C is outputted
(S39). Moreover, when a difference is caused between the
output B and the output C (S40, No), it is decided that a fault
is caused in the motor rotational angle detection device 10
(S41). On the other hand, the output B is compared with the
output C at S38, and when a difference is caused (S38, No),
it is decided that the output A is normal and the output C is
normal and the output B is abnormal, and the output A or the
output C is outputted (S42). Moreover, when a difference is
caused between the output A and the output C (S43, No), it
is decided that a fault is caused in the motor rotational angle
detection device 10 (S44).

As illustrated in FIG. 3 and FIG. 4, when a plurality of
rotation sensors are arranged on a rotation sensor board 17,
any sensor may continuously measure a rotational angle
when an ignition is turned off. Thereby when a fault is
caused in any sensor, a sensor, which is decided as a normal
sensor by the normal angle decision device 8, continuously
detects the rotational angle when the ignition is turned off,
whereby the sensor used as a rudder angle sensor can
continuously generate a normal output value when a fault is
caused.

Embodiment 3

FIG. 12 is a block diagram illustrating a motor control
system in which a motor rotational angle detection device
according to Embodiment 3 of the present invention is used
for an electric power steering device. When a difference is
caused between an output value of a main rotation sensor 6
and an output value of a sub-rotation sensor 7, a normal
angle decision device 8 decides a normal side by using an
angle (a motor rotational angle information item) which is
calculated by a microcomputer.

It is desirable that the sensors, which are faced to a shaft
end of a motor and arranged, are arranged at a position
extended from a shaft of the motor, and a number of the
mounted sensors is limited. Therefore, when a redundant
rotation sensor cannot be provided in order to obtain a motor
rotational angle information item of the normal angle deci-
sion device 8, or when it is difficult that a cost of the device
is increase, a process is performed by using software.

A configuration of the motor rotational angle detection
device will be explained in reference to FIG. 13. FIG. 13 is
a cross-sectional view illustrating an arrangement of rotation
sensors in the motor rotational angle detection device
according to Embodiment 3. In FIG. 13, the main rotation
sensor 6 and the sub-rotation sensor 7 are mounted on the
both surfaces of a rotation sensor board 17. When two
rotation sensors cannot be installed in the same package 12
as illustrated in FIG. 3, the two rotation sensors are mounted
on the rotation sensor board 17 as illustrated in FIG. 13. In
this case, space for mounting a redundant rotation sensor is
not obtained, so that it is required that a motor rotational
angle information item of the normal angle decision device
8 is obtained by using software. Moreover, there is a case in
which the both surfaces of the rotation sensor board 17
cannot be used, and the two rotation sensors are mounted on
one surface of the rotation sensor board 17. Even in this
case, space for mounting a redundant rotation sensor is not
obtained, so that it is required that a motor rotational angle
information item of the normal angle decision device 8 is
obtained by using software.

Hereinafter, an angle (a motor rotational angle informa-
tion item), which is calculated by a microcomputer 3, will be
explained. There is a following method in which the motor
rotational angle information item is estimated without using
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the output value of the rotation sensor. When a motor 1 is
rotated, the motor 1 generates an inductive voltage. The
inductive voltage is varied in accordance with a rotational
velocity and a rotational angle of the motor 1, so that a motor
rotational velocity and a motor rotational position can be
estimated by using the inductive voltage. As illustrated in
FIG. 12, an angle estimation unit 41 estimates a motor
rotational angle by using the inductive voltage which is
obtained by an inductive voltage detection unit 40 for
detecting the inductive voltage of the motor 1.

Although the detection accuracy of the estimated motor
rotational angle is lower than the detection accuracy of the
main rotation sensor 6 and the sub-rotation sensor 7 which
are specifically provided as the motor rotation sensors, it is
possible that the angle estimation unit 41, which is used as
a normal angle decision device, has sufficient accuracy.
Moreover, in a motor rotational angle information item
which is used when a fault is caused, it is permitted that
accuracy of a rotational angle is decreased. Therefore, when
the main rotation sensor 6 or the sub-rotation sensor 7 is
broken down, the motor rotational angle information item
can be used as a motor rotational angle for continuing an
assist operation when a backup operation is performed.

Moreover, in the other method, a Lissajous circle, which
is illustrated in FIG. 15, is used as a motor rotational angle
information item. A sign wave (sin 0) signal and a cosign
wave (cos 0) signal, which are corresponded to a rotational
angle 6 of the motor 1, are outputted from the rotation
sensors to the microcomputer 3. As illustrated in FIG. 15, a
normal range is provided with respect to the Lissajous circle
which is formed by using the sin 6 signal and the cos 0
signal, an abnormality of the decided sensor can be detected.
For example, when a sin 6 signal value of the main rotation
sensor 6 is abnormal, and an upper limit value and a lower
limit value, which are outputted when the main rotation
sensor 6 is normal, are provided with respect to a radius of
the Lissajous circle, an abnormal angle is detected when the
angle is deviated from the range of the upper limit value and
the lower limit value, so that an abnormality can be detected.
Moreover, the range of the upper limit value and the lower
limit value are arbitrarily regulated, whereby an angle range
for deciding the abnormality can be arbitrarily defined.

Moreover, when the ignition is turned off, the main
rotation sensor 6 or the sub-rotation sensor 7 is intermit-
tently operated, and a detection of the motor rotational angle
is continued, whereby the rudder angle can be detected
without a problem even when the ignition is turned oftf and
a handle is rotated. The main rotation sensor 6 or the
sub-rotation sensor 7 is intermittently operated, and the
motor rotational angle is detected, whereby the consumption
current can be reduced.

Embodiment 4

FIG. 16 is a cross-sectional view illustrating an arrange-
ment of rotation sensors in a motor rotational angle detection
device according to Embodiment 4. In FIG. 16, the rotation
sensors are mounted on the both surfaces of a rotation sensor
board 17. A first main rotation sensor 6 and a first sub-
rotation sensor 7 are mounted on one surface, and a second
main rotation sensor 42 and a second sub-rotation sensor 43
are mounted on the other surface. In this case, an output
value of the first main rotation sensor 6 is compared with an
output value of the first sub-rotation sensor 7, whereby it can
be detected that an abnormality is caused in the first main
rotation sensor 6 or the first sub-rotation sensor 7. In a
similar way, an output value of the second main rotation
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sensor 42 is compared with an output value of the second
sub-rotation sensor 43, whereby it can be detected that an
abnormality is caused in the second main rotation sensor 42
or the second sub-rotation sensor 43.

In Embodiment 4, the first main rotation sensor 6 and the
first sub-rotation sensor 7 are installed in the same package,
and the second main rotation sensor 42 and the second
sub-rotation sensor 43 are installed in the same package.
When a difference is caused between the output value of the
first main rotation sensor 6 and the output value of the first
sub-rotation sensor 7, and a difference is not caused between
the output value of the second main rotation sensor 42 and
the output value of the second sub-rotation sensor 43, the
output value of the second main rotation sensor 42 or the
output value of the second sub-rotation sensor 43 is used as
a normal motor rotational angle. In other words, even when
a fault is caused, the output values of the two rotation
sensors, in which a difference is small, in a plurality of
rotation sensors are used, whereby it can be continued that
the normal output values are outputted.

In such a case where the first main rotation sensor 6 and
the first sub-rotation sensor 7 are installed in the same
package, there is a possibility in which the sensors are
concurrently broken down by a power source fault, a short
circuit between pins or the like. Therefore, in this case, the
output value of the second main rotation sensor 42 or the
output value of the second sub-rotation sensor 43, which are
installed in the other package, is used as a normal motor
rotational angle, whereby the reliability is improved. More-
over, after a difference is caused between the output value of
the first main rotation sensor 6 and the output value of the
first sub-rotation sensor 7, when a difference is caused
between the output value of the second main rotation sensor
42 and the output value of the second sub-rotation sensor 43
in a state where a normal rotational angle sensor cannot be
finally identified, it is informed to a microcomputer at the
outside that an abnormality is caused in a motor rotational
angle detection device 10, whereby it can be prevented that
an abnormal rotational angle is used.

FIG. 17 is a flowchart for explaining an operation of the
motor rotational angle detection device according to
Embodiment 4. An output A (rotational angle) is obtained
from the first main rotation sensor 6, and an output B is
obtained from first the sub-rotation sensor 7, and an output
C is obtained from the second main rotation sensor 42, and
an output D is obtained from the second sub-rotation sensor
43 (S51). The output A is compared with the output B at S52,
and when a difference is not caused (852, Yes), the output C
is compared with the output D at S53, and when a difference
is not caused (S53, Yes), the output A, the output B, the
output C, or the output D is outputted as a normal rotational
angle (S54). On the other hand, the output A is compared
with the output B at S52, and when a difference is caused
(S52, No), the output C is compared with the output D at
S55, and when a difference is not caused (S55, Yes), it is
decided that the output A and the output B are abnormal and
the output C and the output D are normal, and the output C
or the output D is outputted as a normal rotational angle
(S56). Moreover, the output C is compared with the output
D at S55, and when a difference is caused (S55, No), it is
decided that a fault is caused in the motor rotational angle
detection device 10 (S57). On the other hand, the output C
is compared with the output D at S53, and when a difference
is caused (S53, No), it is decided that the output A and the
output B are normal and the output C and the output D are
abnormal, and the output A or the output B is outputted as
a normal rotational angle (S58). Moreover, the output A is
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compared with the output B at S59, and when a difference
is caused (S59, No), it is decided that a fault is caused in the
motor rotational angle detection device 10 (S60).

Moreover, in the electric power steering device, when the
ignition is turned off, one or two rotation sensors in the
rotation sensors are intermittently operated as explained in
Embodiment 1, and a detection of the rotational angle is
continued. Thereby, a rudder angle can be detected. More-
over, two rotation sensors are operated as rudder angle
sensors, and when a difference is caused between the output
values of the both rotation sensors, it can be detected that an
abnormality is caused in the rotational angles of the rudder
angle sensors.

In addition, it is possible in the scope of the present
invention that each of the embodiments is freely combined,
or each of embodiments is suitably modified or omitted.

What is claimed is:

1. A motor rotational angle detection device comprising:

a first rotation sensor configured to detect a first rotational

angle of a motor;

a second rotation sensor configured to detect a second

rotational angle of the motor;

a third rotation sensor configured to detect a third rota-

tional angle of the motor; and

a normal angle decision device configured to:

determine whether the detected first rotational angle is
equal to the detected second rotational angle;

in response to the determination that the detected first
rotational angle is different from the detected second
rotational angle, determine a smallest difference
among a first difference between the detected first
rotational angle and the detected third rotational
angle and a second difference between the detected
second rotational angle and the detected third rota-
tional angle;

identify a rotation sensor corresponding to the deter-
mined smallest difference, among the first rotation
sensor and the second rotation sensor, as a normal
rotation sensor; and

decide and output a rotational angle of the motor that is

detected by the identified normal rotation sensor, as a
normal rotational angle of the motor.

2. The motor rotational angle detection device as recited
in claim 1, wherein the first rotation sensor comprises a main
rotation sensor,

the second rotation sensor comprises a sub-rotation sen-

sOr,

the third rotation sensor comprises a redundant rotation

Sensor.

3. The motor rotational angle detection device as recited
in claim 2, wherein each of the main rotation sensor, the
sub-rotation sensor, and the redundant rotation sensor com-
prises magnetic detection elements, is mounted on a board
facing a magnet attached to a shaft end of the motor, and is
configured to detect a magnet field variation of the magnet.

4. The motor rotational angle detection device as recited
in claim 3, wherein the two rotation sensors among the main
rotation sensor, the sub-rotation sensor, and the redundant
rotation sensor are mounted on a surface of the board, and

a remaining rotation sensor among the main rotation

sensor, the sub-rotation sensor, and the redundant rota-
tion sensor is mounted on another surface of the board.

5. The motor rotational angle detection device as recited
in claim 4, wherein the two rotation sensors are concurrently
arranged at a position that is extended from a shaft of the
motor.
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6. The motor rotational angle detection device as recited
in claim 4, wherein the main rotation sensor, the sub-rotation
sensor, and the redundant rotation sensor are arranged at a
position that is extended from a shaft of the motor.

7. The motor rotational angle detection device as recited
in claim 3, wherein the redundant rotation sensor is mounted
on a surface of the board, the surface being distant from the
shaft end of the motor.

8. The motor rotational angle detection device as recited
in claim 3, wherein at least two of the main rotation sensor,
the sub-rotation sensor, and the redundant rotation sensor
have different output formats.

9. An electric power steering device in which the motor
rotational angle detection device as recited in claim 3, is
used, and the motor is used as a driving motor, wherein one
of the main rotation sensor, the sub-rotation sensor, and the
redundant rotation sensor is mounted on a surface of the
board, the surface being distant from the shaft end of the
motor, and is further configured to continue to detect a
rotational angle of the motor when an ignition of a vehicle
is turned off.

10. An electric power steering device in which the motor
rotational angle detection device as recited in claim 2, is
used, and the motor is used as a driving motor, wherein the
redundant rotation sensor is further configured to:

detect the third rotational angle when an ignition of a

vehicle is turned on, and

continue to detect the third rotational angle when the

ignition of the vehicle is turned off.

11. The motor rotational angle detection device as recited
in claim 1, wherein the normal angle decision device is
further configured to output the detected third rotational
angle as the normal rotational angle.

12. The motor rotational angle detection device as recited
in claim 1, wherein is further configured to:

determine whether the normal rotational angle is equal to

the detected third rotational angle;

in response to the determination ha the detected rotational

angle is different from the detected third rotational
angle, inform an external device of an abnormality of
the motor rotational angle detection device.

13. The motor rotational angle detection device as recited
in claim 1, wherein the normal angle decision device is
further configured to, in response to the first difference or the
second difference being greater than or equal to a predeter-
mined value, inform an external device of an abnormality of
the motor rotational angle detection device.

14. The motor rotational angle detection device as recited
in claim 1, wherein each of the first rotation sensor, the
second rotation sensor, and the third rotation sensor com-
prises magnetic detection elements, is mounted on a board
facing a magnet attached to a shaft end of the motor, and is
configured to detect a magnet field variation of the magnet,
and

the motor rotational angle detection device further com-

prises a microcomputer of a control unit for controlling
the motor, the microcomputer comprising the normal
angle decision device.

15. The motor rotational angle detection device as recited
in claim 14, wherein one of the first rotation sensor, the
second rotation sensor, and the third rotation sensor is
provided at a surface of the board, and

another one of the first rotation sensor, the second rotation

sensor, and the third rotation sensor is provided at
another surface of the board.

16. The motor rotational angle detection device as recited
in claim 14, wherein two of the first rotation sensor, the
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second rotation sensor, and the third rotation sensor are
provided at a surface of the board.

17. An electric power steering device in which the motor
rotational angle detection device as recited in claim 1, is
used, and the motor is used as a driving motor, wherein
either one or both of the first rotation sensor and the second
rotation sensor is further configured to continue to detect a
rotational angle of the motor when an ignition of a vehicle
is turned off.

18. The electric power steering device as recited in claim
17, wherein a rudder angle information item is determined
based on the rotational angle detected when the ignition of
the vehicle is turned off.

19. A motor rotational angle detection device comprising:

a first rotation sensor configured to detect a first rotational

angle of a motor;

a second rotation sensor configured to detect a second

rotational angle of the motor;

a third rotation sensor configured to detect a third rota-

tional angle of the motor; and

a normal angle decision device configured to:

determine whether a rotational angle among the
detected first rotational angle, the detected second
rotational angle, and the detected third rotational
angle is different from remaining rotational angles
among the detected first rotational angle, the
detected second rotational angle, and the detected
third rotational angle;

in response to the determination that the rotational
angle is different from the remaining rotational
angles, identify rotation sensors corresponding to the
remaining rotational angles, as normal motor rota-
tion sensors, and determine whether the remaining
rotational angles are different; and

in response to the determination that the remaining
rotational angles are different, inform an external
device of an abnormality of the motor rotational
angle detection device.
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20. A motor rotational angle detection device comprising:
a first rotation sensor configured to detect a first rotational
angle of a motor;
a second rotation sensor cc guyed to detect a second
rotational angle of the motor, the first rotation sensor
and the second rotation sensor being a first pair of
rotation sensors;
a third rotation sensor configured to detect a third rota-
tional angle of the motor;
a fourth sensor configured to detect a fourth rotational
angle of the motor, the third rotation sensor and the
fourth rotation sensor being a second pair of rotation
sensors; and
a normal angle decision device configured to:
determine whether the detected first rotational angle is
equal to the detected second rotational angle, and
whether the detected third rotational angle is equal to
the detected fourth rotational angle;

in response to the determination that the detected first
rotational angle is equal to the detected second
rotational angle, and the detected third rotational
angle is different from the detected fourth rotational
angle, identify the first pair of rotation sensors as
normal rotation sensors, and determine again
whether the detected first rotational angle is equal to
the detected second rotational angle;

in response to the determination that the detected first
rotational angle is different from the detected second
rotational angle, and the detected third rotational
angle is equal to the detected fourth rotational angle,
identify the second pair of rotation sensors as the
normal rotation sensors, and determine again
whether the detected third rotational angle is equal to
the detected fourth rotational angle;

in response to the determination that the detected first
rotational angle is different from the detected second
rotational angle, and the detected third rotational
angle is different from the detected fourth rotational
angle, inform and external device of an abnormality
of the motor rotational angle detection device.
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