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(57) ABSTRACT

A positioning device contains an actuator composed of a DC
motor, a deceleration mechanism, and a single-phase rota-
tion sensor for detecting the amount of rotational displace-
ment of the deceleration mechanism, and an electronic
control unit that electrically drives the DC motor. The
electronic control unit decelerates and controls the DC
motor to stop at a target rotation stop position, which is
approximately midway between the rising edge and the
falling edge of the output pulse of the rotation sensor.

210
Worm gear



Patent Application Publication  Aug. 22, 2024 Sheet 1 of 22 US 2024/0283380 A1

Fig.1

Electronic power seat

2
Actuator

7
Electronic

control device

J

3
Operation switch



Patent Application Publication  Aug. 22, 2024 Sheet 2 of 22 US 2024/0283380 A1

200
DC-Motor

2

N

210
Worm gear

A s

211
First gear

e e

[ S

212
Second gear



Patent Application Publication  Aug. 22, 2024 Sheet 3 of 22 US 2024/0283380 A1

202
Hall element

200
DC-Motor

A-Direction arrow exploded diagram



Patent Application Publication  Aug. 22, 2024 Sheet 4 of 22 US 2024/0283380 A1

Fig.4

Magnetic flux density[mT]

N-pole . -
b Maximum magnetic field level

415

Minimum magnetic field level

9
Threshold ! S e

| I A I

-41.5 -

S—pole

H ——

Rotation sensor
output

L_



Patent Application Publication  Aug. 22, 2024 Sheet 5 of 22 US 2024/0283380 A1

Fig.5
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Fig.6
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Fig.7
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Fig.8
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Fig.10
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Fig.11
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Fig.12
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Fig.13
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Fig.14
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Fig.15
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Fig.16
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Fig.18
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Fig.19
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Fig.20
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POSITIONING DEVICE AND CONTROL
METHOD THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an electric drive
system that drives a moving body by an actuator incorpo-
rating an electric motor and controls it to a predetermined
position. In particular, the present invention relates to a
positioning device and a control method thereof, which are
applied to a movable part such as an electric power seat of
a vehicle and perform positioning control with high accu-
racy.

BACKGROUND ART

[0002] Conventionally, this type of positioning device is
mechanically coupled to the moving body to be driven. The
positioning device is composed of an actuator composed of
a DC motor, a speed reduction mechanism, and a rotation
sensor that detects the amount of rotational displacement of
the speed reduction mechanism, and an electronic control
device that electrically drives the DC motor.

[0003] Specifically, an electric power seat for a vehicle is
known which is composed of an actuator 2 attached to the
seat back shown in FIG. 1 and an electronic control device
1 which takes in a signal from an operation switch 3 and
drives the actuator. A detailed example of the actuator
portion is shown in FIG. 2.

[0004] In the actuator portion of FIG. 2, the second gear
212 fixed to the seat frame and the small diameter gear (not
shown) arranged coaxially with the first gear 211 are
meshed. The worm gear 210 and the worm gear 210
connected to the motor shaft are meshed.

[0005] With the configuration shown in FIG. 2, when the
motor 200 is driven, the worm gear 210 rotates to rotate the
first gear 211. The small-diameter portion (not shown) of the
first gear revolves around the second gear 212 to electrically
adjust the tilt angle of the seatback.

[0006] FIG. 3 is a diagram showing a detailed example of
a rotation sensor portion. The rotation sensor portion con-
sists of a magnet 201 consisting of a single pair of magnetic
poles arranged coaxially with the rotation axis of the motor,
and a Hall element 202 arranged in a fixed portion to detect
the magnetic field generated by the magnet as an electric
signal. The two constitute a known single-phase rotary
encoder.

[0007] As a result, the Hall element 202 outputs an elec-
trical signal of one pulse each time the rotating shaft of the
motor makes one rotation. The electronic control unit 1 is
configured to integrate the number of pulses in a predeter-
mined direction, calculate the inclination angle of the seat-
back, and store the result.

[0008] The above configuration is applied not only to the
tilt of the seat back, but also to control the longitudinal slide
position of the seat and to control the height of the seat in the
longitudinal direction. Since these various positioning con-
trols can be electrically performed, a well-known memory
power seat function is realized that reproduces arbitrary seat
positions set for each of a plurality of drivers by one-touch
operation.

[0009] By the way, the single-phase rotary encoder cannot
determine the rotation direction of the motor shaft from the
output signal of the Hall element. Therefore, as described in
Patent Document 1, when the driving of the motor is stopped
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when the driving mechanism reaches the end of the movable
range, the motor is reversely driven by the reaction force on
the load side. A deviation occurs between the actual position
of the sheet and the position detected and stored by the
device.

[0010] Therefore, according to Patent Document 1, when
the motor stops at the end of the movable range, it is
recognized as a mechanical lock, and the rotation pulses
generated during the motor off period are accumulated as
reverse rotation.

[0011] Alternatively, a solution has been proposed for
accurately storing the seat position, such as holding the
operation request by the user until the motor rotation can be
determined in order to prohibit short-time motor driving.

PRIOR ART PUBLICATION

Patent Publication

[0012] Patent Publication (1): Japanese Laid-Open Pat-
ent Publication No. 2011-42280

SUMMARY OF THE INVENTION

Problem(s) to be Solved by the Invention

[0013] However, the cause of erroneous detection of the
movable position of each part of the seat by the rotation
sensor is not limited to the reversal operation at the end of
the movable range. In addition, the erroneous detection of
the operating position of each part of the seat by the rotation
sensor may be caused by the fact that the user’s operation
within the movable range is too short, causing the motor to
stop before the rotation sensor generates a pulse.

[0014] For example, assuming that the stop position
within the movable range is very close to the edge of the
pulse output by the rotation sensor, after the power supply to
the electronic control unit is cut off, the motor may slightly
rotate due to an external force acting on each part of the seat.
[0015] At this time, the physical rotation angle of the
motor shaft due to such minute rotation of the motor may
exceed the edge position of the output pulse of the rotation
sensor. If the electronic control unit is energized again to
change the seat position, one count of the number of pulses
is lost.

[0016] Furthermore, if the stop position is very close to the
edge of the pulse output by the rotation sensor, immediately
after the rotation of the motor stops, the motor may rotate by
a very small angle due to the backlash of the speed reduction
mechanism or the like.

[0017] At this time, if the motor stops at the falling edge
of the rotation sensor pulse, the rising edge in the opposite
direction will be detected immediately after. Therefore, the
electronic control unit recognizes that the movable part has
moved by one pulse in the control direction, and erroneously
recognizes that it has moved by one pulse more than the
original stop position.

[0018] Therefore, there was a problem that if the playback
operation of the memory power seat was repeated about 100
times, a large deviation from the originally set seat position
would occur.

[0019] The present invention has been made in view of the
above problems. The present invention relates to a position-
ing device composed an actuator composed of a DC motor,
a speed reduction mechanism, and a single-phase rotation
sensor for detecting the amount of rotational displacement of
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the speed reduction mechanism, and electronic control
device for electrically driving the DC motor. The positioning
device performs highly accurate positioning control without
causing an error between the mechanical displacement
amount of a controlled object and the integrated pulse
number of a rotation sensor stored in an electronic control
device.

Solution(s) to the Problem(s)

[0020] The present invention described in Claim 1 is a
positioning device, comprising:

[0021] an actuator connected to a moving body and
composed of a DC motor, a speed reduction mecha-
nism, and a single-phase rotation sensor for detecting
an amount of rotational displacement of the speed
reduction mechanism; and

[0022] the electronic control device for electrically
driving the DC motor;

[0023] wherein

[0024] the electronic control device comprises stop con-
trol means for performing deceleration control so as to
stop the DC motor, with a target rotation stop position
set substantially midway between the rising edge and
the falling edge of the output pulse of the rotation
sensor.

[0025] The present invention described in Claim 2 is a
positioning device, wherein

[0026] said stop control means performs deceleration
control to decelerate and stop the DC motor in an
inertial rotation mode in which power supply to the DC
motor is interrupted.

[0027] The present invention described in Claim 3 is a
positioning device, wherein

[0028] said stop control means performs deceleration
control to decelerate and stop the DC motor in a
braking mode in which power supply terminals of the
DC motor are electrically shorted.

[0029] The present invention described in Claim 4 is a
positioning device, wherein

[0030] said stop control means performs deceleration
control to decelerate and stop the DC motor in a forced
braking mode in which electric power is applied to
power supply terminals of the DC motor to provide a
rotational force in a direction opposite to the direction
in which the DC motor rotates during operation.

[0031] The present invention described in Claim 5 is a
positioning device, wherein

[0032] said stop control means performs deceleration
control to decelerate and stop the DC motor by com-
bining at least the following two or more modes:

The modes are;

[0033] an inertial rotation mode in which power supply
to the DC motor is cut off,

[0034] a braking mode in which the power supply
terminals of the DC motor are electrically shorted, and

[0035] aforced braking mode in which electric power is
applied to the power supply terminals of the DC motor
to give a rotational force in the direction opposite to the
direction in which the DC motor rotates during opera-
tion.

[0036] The present invention described in Claim 6 is a
positioning device, wherein

[0037] said stop control means estimates a rotation stop
position from the deceleration of the DC motor, and
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decelerates the DC motor to stop at the target rotation
stop position, in a process of controlling the DC motor
to decelerate and stop.
[0038] The present invention described in Claim 7 is a
positioning device, wherein

[0039] said stop control means controls the rotation
speed of the DC motor so that the rotation speed before
starting control to decelerate and stop the DC motor
reaches a predetermined value.

[0040] The present invention described in Claim 8 is a
positioning device, wherein

[0041] said rotation speed control is performed by mak-
ing the voltage applied to the power supply terminal of
the DC motor variable.

[0042] The present invention described in Claim 9 is a
positioning device, wherein

[0043] said rotation speed control is performed by mak-
ing the current applied to the power supply terminal of
the DC motor variable.

[0044] The present invention described in Claim 10 is a
positioning device, wherein

[0045] said rotation speed control is performed by mak-
ing the duty ratio of the voltage applied to the power
supply terminals of the DC motor variable.

[0046] The present invention described in Claim 11 is a
positioning device, wherein

[0047] said rotational speed of the DC motor set by the
rotational speed control of the stop control means is a
function of an ambient temperature of the DC motor.

[0048] The present invention described in Claim 12 is a
positioning device, wherein

[0049] said rotation speed of the DC motor set by the
rotation speed control of the stop control means is
determined by the motor load state immediately before
starting the process of controlling the speed reduction
of the DC motor.

[0050] The present invention described in Claim 13 is a
positioning device, wherein

[0051] said load state of the motor is calculated from at
least one information of the rotation speed of the motor
calculated from the output pulse of the rotation sensor,
the voltage applied to the motor, or the current value of
the motor.

[0052] The present invention described in Claim 14 is a
positioning device, wherein

[0053] said stop control means starts the process of
performing the deceleration control so as to stop the
DC motor at the target rotation stop position at a
predetermined timing synchronized with the output
pulse of the rotation sensor.

[0054] The present invention described in Claim 15 is a
positioning device, wherein

[0055] said stop control means

[0056] calculates a required motor stop time T2
required from the start of stop control of the DC motor
to the actual stop of the DC motor,

[0057] calculates a time T1, which is the difference
between the timing of starting the stop control and the
current time, in order to stop the DC motor at the target
rotation stop position; and

[0058] when it is determined that it is necessary to stop
the DC motor, after the time T1 has passed, starts a
control to stop the DC motor.
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[0059] The present invention described in Claim 16 is a
positioning device, wherein

[0060] said required motor stop time T2 is calculated by
providing a table of the relationship between the rota-
tional speed or applied voltage of the DC motor and the
required motor stop time T2,

[0061] such a table is configured by at least one of per
movement direction, per movement angle, per rotation
direction, per stop position, per aging time, and per
temperature.

[0062] The present invention described in Claim 17 is a
positioning device, wherein

[0063] said stop control means calculates the load of the
DC motor by using at least one of output pulse period/
voltage, output pulse period/current, and output pulse
period/power.

[0064] The present invention described in Claim 18 is a
positioning device, wherein

[0065] when the stop control means calculates the time
T1, which is the difference between the timing of
starting the stop control and the current time, the time
T1 includes the time T3 required for arithmetic pro-
cessing.

[0066] The present invention described in Claim 19is a
positioning device, wherein

[0067] the moving body is an electric power seat for a
vehicle.

[0068] The present invention described in Claim 20 is a
positioning device, wherein

[0069] the moving body is an electric tilt/telescopic
steering system for a vehicle

Effect(s) of the Invention

[0070] The positioning device in Claim 1, the electronic
control device comprises a stop control means for deceler-
ating and stopping the DC motor with a target rotation stop
position set at a substantially intermediate position between
the rising edge and the falling edge of the output pulse of the
rotation sensor. The rotation stop position of the motor
within the movable range of the moving body is not near the
edge of the pulse output from the rotation sensor. Therefore,
even if the motor is slightly rotated by an external force
acting on each part of the seat, there is an effect that an
erroneous pulse is not generated from the rotation sensor.
[0071] Therefore, even if the memory power sheet repro-
duction operation is repeated several hundred times or more,
there is no deviation from the originally set seat position.
[0072] The positioning device in Claim 2, the stop control
means decelerates the DC motor and stops it at a target
rotation stop position in an inertial rotation mode in which
power supply to the DC motor is interrupted. Alternatively,
the stop control means can stop the DC motor at the target
rotation stop position by repeating the operation of inter-
mittently energizing and rotating the DC motor during the
inertia rotation mode.

[0073] The positioning device in Claim 3, the stop control
means decelerates the DC motor and stops it at a target
rotation stop position in a known braking mode in which the
power supply terminals of the DC motor are electrically
shorted. Alternatively, the stop control means can stop the
DC motor at the target rotation stop position by repeating the
operation of intermittently energizing the DC motor and
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rotating it during the braking mode. It is possible to stop the
motor at an accurate target rotation position in a short period
of time.
[0074] The positioning device in Claim 4, the stop control
means decelerates the DC motor to stop the target rotation
stop position in a forced braking mode in which electric
power is applied to power supply terminals of the DC motor
to give a rotational force in a direction opposite to the
direction in which the DC motor rotates during operation.
Alternatively, the stop control means can stop the DC motor
at the target rotation stop position by repeating the operation
of intermittently applying current in the direction in which
the DC motor is operating during the forced braking mode.
It is possible to stop the motor at an accurate target rotation
position in a shorter time.
[0075] The positioning device in Claim 5, the stop control
means performs deceleration control to decelerate and stop
the DC motor by combining at least the following two or
more modes:
The modes are;
[0076] an inertial rotation mode in which power supply
to the DC motor is cut off,
[0077] a braking mode in which the power supply
terminals of the DC motor are electrically shorted, and
[0078] aforced braking mode in which electric power is
applied to the power supply terminals of the DC motor
to give a rotational force in the direction opposite to the
direction in which the DC motor rotates during opera-
tion. Therefore, there is an effect that the control for
stopping at the target rotation stop position is facili-
tated.
[0079] The positioning device in Claim 6, the stop control
means estimates a rotation stop position from the decelera-
tion of the DC motor in the process of controlling the DC
motor to decelerate and stop. Then, when it is estimated that
the motor will stop before the target rotation stop position,
the stop control means either energizes the DC motor for a
short period of time to rotate it, or selects the mode with a
small deceleration. It is possible to accurately control the
rotation stop position of the DC motor.
[0080] On the other hand, when it is estimated that the DC
motor will stop after passing the target rotation stop position,
the rotation stop position of the DC motor can be accurately
controlled by selecting the mode with a larger deceleration.
[0081] The positioning device in Claim 7, the stop control
means controls the rotation speed of the DC motor so that
the rotation speed before starting the control for decelerating
the DC motor becomes a predetermined value. The stop
control means does not need to perform complicated control
in the process of controlling the motor to decelerate and
stop. The stop control means can accurately stop the motor
at the target rotation stop position by a single deceleration
means such as the inertial rotation mode or brake mode.
[0082] The positioning device in Claim 8, the rotation
speed control is performed by varying the voltage applied to
the power supply terminal of the DC motor, therefor the
rotation speed control of the motor can be performed by a
known voltage control technique such as a switching regu-
lator.
[0083] The positioning device in Claim 9, the rotation
speed is controlled by varying the current applied to the
power supply terminal of the DC motor, therefor the rotation
speed can be controlled to be stable with little influence of
the mechanical load of the motor.
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[0084] The positioning device in Claim 10, the rotation
speed control is performed by varying the duty ratio of the
voltage applied to the power supply terminals of the DC
motor. In this case, a known H-bridge circuit is adopted as
a drive circuit formed inside the electronic control unit.
[0085] This configuration facilitates reversing the polarity
of the voltage applied to the power supply terminals of the
motor. Opening and short-circuiting of the motor power
supply terminals for performing the inertial rotation mode
and the braking mode, and reverse energization for perform-
ing the forced braking mode, which are performed by the
stop control means subsequent to the rotation speed control
of the motor become easier.

[0086] The positioning device in Claim 11, the rotation
speed of the DC motor, which is set by the rotation speed
control of the stop control means, is a function of the
ambient temperature of the motor. Therefor as a result of the
viscosity of the lubricating material changing with tempera-
ture, it is possible to prevent the actual stopping time, that is,
the rotation stopping position of the motor from changing
when decelerating and stopping are controlled in each mode.
[0087] The positioning device in Claim 12, the rotation
speed of the DC motor, which is set by the rotation speed
control of the stop control means, is determined by the motor
load state immediately before the process of performing
deceleration control is started. Therefore, when the motor
load is large and the motor is decelerated in each of the
above modes, if the time until the motor stops is too short,
the rotational speed of the motor set by the rotational speed
control is increased. When the motor load is small and the
motor is decelerated in each of the above modes, if the time
until the motor stops is too long, the rotational speed of the
motor set by the rotational speed control is reduced. As a
result, the motor can be accurately stopped at the target
rotation stop position.

[0088] The positioning device in Claim 13, the motor load
state is calculated from at least one information of the
rotational speed of the motor calculated from the output
pulse of the rotation sensor, the voltage applied to the motor,
or the energized current value of the motor. Therefore, the
motor load state can be easily measured.

[0089] The positioning device in Claim 14, the stop con-
trol means stops the DC motor at a substantially interme-
diate position between the rising edge and the falling edge
of'the rotation sensor. For this reason, the stop control means
starts the deceleration control at a predetermined timing
synchronized with the output pulse of the rotation sensor so
that the difference between the estimated stop position and
the target rotation stop position is zero. Therefore, the motor
can be accurately stopped at the target rotation stop position.
[0090] The positioning device in Claim 15, the stop con-
trol means calculates a required motor stop time T2 required
from the start of stop control of the DC motor until the DC
motor actually stops, and stops the DC motor at the target
rotation stop position. For this reason, the stop control
means calculates the time T1, which is the difference
between the timing at which the stop control is started and
the current time, and determines that the DC motor needs to
be stopped. After that, stop control of the DC motor is
started. Therefore, the motor can be accurately stopped at the
target rotation stop position.

[0091] The positioning device in Claim 16, the stop con-
trol means calculates the required motor stop time T2 by
providing a table of the relationship between the rotational

Aug. 22, 2024

speed or applied voltage of the DC motor and the required
motor stop time T2. Such a table is configured by at least one
of movement direction, movement angle, rotation direction,
stop position, aging time, and temperature. Therefore, the
motor can be accurately stopped at the target rotation stop
position without being affected by the movement angle,
rotation direction, stop position, aging time, or temperature.
[0092] The positioning device in Claim 17, the stop con-
trol means calculates the load of the DC motor using at least
one of output pulse period/voltage, output pulse period/
current, and output pulse period/power. Therefore, the motor
can be accurately stopped at the target rotation stop position
without being affected by load fluctuations.

[0093] The positioning device in Claim 18, the stop con-
trol means includes a time T3 required for arithmetic pro-
cessing in the time T1 when calculating the time T1, which
is the difference between the timing at which the stop control
is started and the current time. Even if the arithmetic
processing takes a long time, the motor can be accurately
stopped at the target rotation stop position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0094] FIG. 1 a diagram showing the structure of an
electric power seat;

[0095] FIG. 2 an enlarged view of the vicinity of the
reclining actuator;

[0096] FIG. 3 a diagram showing the structure of a DC
motor and a rotation sensor;

[0097] FIG. 4 a diagram explaining the action of the
rotation sensor;

[0098] FIG. 5 a diagram showing a motor stop and a stop
position;

[0099] FIG. 6 a diagram showing a motor stop and a stop
position during reverse bias;

[0100] FIG. 7 a diagram showing the configuration of a
control device;

[0101] FIG. 8 a diagram showing a CPU-wide control
flow;

[0102] FIG. 9 a diagram showing a motor drive stop
control flow;

[0103] FIG. 10 a diagram showing a motor pulse signal
and speed;

[0104] FIG. 11 a diagram showing a stop position when a
pulse edge is used as a motor stop starting point;

[0105] FIG. 12 a diagram showing a stop position when
arbitrary timing is used as a motor stop start point;

[0106] FIG. 13 a diagram showing a method of calculating
T2;

[0107] FIG. 14 a diagram showing a table of T2;

[0108] FIG. 15 a diagram showing a table of T2 according
to load;

[0109] FIG. 16 a diagram showing the measurement area

of the motor current;

[0110] FIG. 17 a diagram showing the measurement area
of the motor voltage;

[0111] FIG. 18 a diagram showing a measurement region
of T2 when deceleration control is performed;

[0112] FIG. 19 a diagram showing pulses when there is a
deviation of T2;

[0113] FIG. 20 a diagram showing a T2 correction
amount;
[0114] FIG. 21 a diagram showing how an unexpected

pulse edge appears; and
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[0115] FIG. 22 a diagram showing the influence of soft-
ware processing time.

MODE TO CARRY OUT THE INVENTION
Embodiment

First Embodiment

[0116] Hereinafter, embodiments of a positioning device
and a control method thereof according to a first embodi-
ment of the present invention will be described with refer-
ence to each drawing. FIG. 1 shows the overall structure of
an electric power seat. A reclining actuator 2 is fixed to a
frame forming an internal skeleton of the electric power seat.
It has an electronic control unit 1 that electrically controls
the actuator 2 and receives a signal from the operation
switch 3.

[0117] The actuator 2 comprises a DC motor 200, a worm
gear 210, a first gear 211 and a second gear 212, as shown
in FIG. 2. FIG. 3 shows the internal structure of the motor
viewed from direction A.

[0118] The magnet 201, shown in FIG. 3, is a ring-shaped
ferrite magnet having a pair of N and S magnetic poles that
is coaxially connected to and fixed to the rotor of the DC
motor 200, and rotates in conjunction with the rotor of the
motor 200.

[0119] A Hall element 202 is fixed to a fixed portion that
is integrated with the housing of the motor at a distance of
about 2 mm close to the magnet. With this structure, when
the magnet 201 rotates in conjunction with the rotor of the
motor 200, the magnetic flux density of the Hall element 202
changes sinusoidally with a rotor angle of 360 degrees of the
motor 200 as one cycle, as shown in FIG. 4.

[0120] The Hall element 202 is configured such that the
output signal is processed by a known comparator circuit
(not shown) and signal-converted into a rectangular wave
synchronized with the sine wave using a magnetic flux
density of £1 mT as a threshold. An electrical hysteresis is
provided to avoid chattering of the output signal near the
threshold, and the magnetic flux density conversion value
corresponding to this hysteresis is +1 mT.

[0121] Errors in the magnetization level of the magnet
201, changes in temperature, variations in magnetomotive
force due to deterioration in durability, and variations in
assembly gap between the magnet 201 and the Hall element
202 affect the Hall element. Furthermore, variations in the
sensitivity of the Hall element 202 and the like have an
effect. Thereby, the magnetic flux density of the Hall ele-
ment 202 changes. The maximum magnetic field level and
the minimum magnetic field level, shown in FIG. 4, are
approximate representations of the varying magnetic flux
density at the Hall element 202 portion.

[0122] The +1 mT threshold is set because it is necessary
to set a sufficiently small threshold compared to the mag-
netic flux density at the minimum magnetic field level.
[0123] As described above, the output signal of the Hall
element 202 is converted into a rectangular wave and output
as a rotation signal of the motor 200 by comparing it with a
threshold voltage obtained by replacing the magnetic flux
density with an electrical level by a comparator (not shown).
[0124] Here, as is clear from the comparison of the thresh-
old value and the sine wave magnetic flux density, near the
edge of the rectangular wave output of the comparator, the
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rectangular wave signal of the comparator output is inverted
at a minute rotation angle of the magnet 201.

[0125] Hereinafter, the magnet 201, the Hall element 202,
and the comparator that outputs the rectangular wave signal
(not shown) are collectively referred to as a rotation sensor
20.

[0126] Here, assuming that the rotation stop position of
the motor 200 when the electronic control unit 1 drives the
reclining mechanism of the electric power seat is extremely
close to the edge of the pulse output from the rotation sensor
20, After the energization of the motor 200 is cut off, the
motor 200 may slightly rotate due to an external force acting
on each part of the seat.

[0127] At this time, the rotation angle of the physical shaft
due to such minute rotation of the motor 200 may exceed the
edge position of the output pulse of the rotation sensor 20,
and when the motor 200 is energized again to change the seat
position, The number of pulses for the one count is missing.

[0128] Furthermore, when the rotation stop position of the
motor 200 is very close to the edge of the pulse output by the
rotation sensor 20, immediately after the rotation of the
motor 200 stops. At that time, due to the backlash of the
worm gear 210, the first gear 211, and the second gear 212,
the motor 200 may rotate by a small angle immediately after
stopping.

[0129] At this time, if the motor 200 stops at the falling
edge of the pulse from the rotation sensor 20, the rising edge
in the opposite direction may be detected immediately after.
At that time, the electronic control unit 1 recognizes that the
reclining mechanism has moved by one pulse in the control
direction, and erroneously recognizes that it has moved by
one pulse more than the original stop position.

[0130] The electric power seat of the first embodiment can
store optimal driving positions set by a plurality of users,
and at the same time, can correctly reproduce the position set
by each user.

[0131] The electronic control unit 1 stores the seat posi-
tions such as the reclining position, the front-rear position,
and the seat height position operated by the user at the time
of initial setting. That is, the electronic control unit 1 stores
the seat position by counting and integrating pulses output
from the rotation sensor 20 while the actuator 2 is operating.

[0132] Next, when another user changes each position, the
electronic control unit 1 recounts the number of output
pulses of the rotation sensor 20, integrates and stores the
amount of change. When the user who has made the initial
settings operates the switch 3, the electronic control unit 1
energizes the DC motor 200 of the actuator 2 and counts the
number of output pulses of the rotation sensor 20 at the same
time. And, the electronic control unit 1 matches the initial
setting value and the integrated value. As a result, the
initially set seat position can be reproduced.

[0133] However, when the motor rotation stop position is
very close to the edge of the pulse output from the rotation
sensor 20 as described above, the electronic control unit 1
may erroneously determine the motor rotation angle by one
count of the output pulse from the rotation sensor 20. As a
result, the user’s initial setting position or the reproduced
sheet position is deviated.

[0134] FIG. 5 shows the most basic embodiment of the
positioning device and its control method of the present
invention. The electronic control unit 1 integrates the output
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pulses of the rotation sensor 20, and a case where the vicinity
of the N+4 count is set as the target rotation stop position is
shown.

[0135] In FIG. 5, until time t1, the electronic control unit
1 energizes the power supply terminals (not shown) of the
DC motor 200 to move the reclining mechanism in a
predetermined direction. At this time, the motor rotation
speed is v, and the rotation sensor 20 outputs a rectangular
wave pulse with a predetermined cycle.

[0136] At the time t1, the electronic control unit 1 opens
the power supply terminal to the DC motor 200 and stops
energizing the DC motor 200 to start stopping the motor
(inertial rotation mode).

[0137] By stopping the energization, the DC motor 200
gradually slows down. Then, the DC motor 200 stops at time
12 near the middle (target rotation stop position MP) between
the fall f of the N+4 count and the rise r of the N+4 count
of the output pulse of the rotation sensor 20 counted by the
electronic control unit 1.

[0138] As a result, the rotation stop position of the DC
motor 200, that is, the rotation stop position of the rotation
sensor 20, stops near the middle between the falling edge
and the rising edge r of the pulse output by the rotation
sensor 20. Therefore, even if the motor 200 is rotated by an
external force after stopping as described above, an errone-
ous pulse is not generated unless the motor 200 is rotated by
+90 degrees or more.

[0139] In the example in FIG. 5, the DC motor is stopped
at the center of the rising edge and the falling edge of the
pulse. However, the stop is not limited to this, and may be
at the middle of the pulse edges appearing at the rise and fall
of the pulse.

[0140] The period from time tl to t2 can take different
values depending on the deceleration factor of the motor.
[0141] The deceleration factors include the presence or
absence of braking force due to the frictional force of the
mechanism and the regenerative current of the motor, and a
plurality of these factors may be combined. Braking by
regenerative current is a well-known technology and is not
illustrated here.

[0142] As another mode, as shown in FIG. 6, a method of
braking by a reverse rotation bias is applied to the power
supply terminal to apply power (reverse voltage) that gives
a rotational force in a direction opposite to the direction of
rotation of the motor. (forced brake mode). In this case as
well, braking (brake mode) using the frictional force of the
mechanism or the regenerative current of the motor may be
combined with the reverse braking.

[0143] When the frictional force of the mechanism or the
motor load fluctuates greatly, the overall braking force can
be increased by applying regenerative current braking (brake
mode) that electrically shorts the power supply terminals of
the motor, or braking by reverse bias. It is also possible to
use a combination of two or more of the inertial rotation
mode, forced braking mode, and braking mode described
above.

[0144] Next, a specific means for stopping the motor in the
middle of the edge of the pulse will be explained.

[0145] A configuration diagram of the control device 800
is shown in FIG. 7. The control device 800 is controlled by
a CPU 801. A communication data control unit 802 is
connected to the CPU 801 and can operate in cooperation
with other control units via the communication data control
unit 802. The control device 800 information is transmitted
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via Tx 805. Further, information necessary for motor driving
such as motor driving timing and motor movement target
point is received via Rx806.

[0146] Also, the SW input control unit 803 can detect the
states of the direction designation switches 807 and 808 to
drive the motor.

[0147] A motor 809 is driven by the CPU 801 via a motor
drive circuit 804. The motor drive circuit 804 drives the
motor by opening the power supply terminals, shorting the
power supply terminals, inverting the polarity of the applied
voltage, outputting the motor ON/OFF signal, voltage regu-
lation, current regulation, and PWM output. An H bridge
circuit is used for the motor drive circuit 804.

[0148] A pulse signal output from a motor 809, a signal
from a thermistor 810 for measuring motor temperature, a
current signal flowing through a motor drive circuit 804, and
a voltage signal applied to the motor are connected to a CPU
810. The CPU can grasp the state of the motor.

[0149] An overall control flow of the CPU 801 in FIG. 8
will be described. When the CPU is powered on, the flow
shown in FIG. 8 is started. First, initialization processing is
executed in step S901. In this initialization process, CPU
ports and internal timers are initialized, and memory initial
values are set. This initialization process is executed only
once after the CPU is powered on.

[0150] Next, in step S902, the communication data control
unit is controlled. In this control, data received by the
communication data control unit 802 is extracted and data to
be transmitted is written to the communication data control
unit 802.

[0151] Next, in step S903, the SW input control unit 803
is controlled. In this control, chattering absorption process-
ing is performed to determine the state of the SW, and the
drive request for the motor is set/reset according to the
determined state of the SW.

[0152] Next, in step S904, reading of signal input is
controlled. In this control, the current flowing through the
motor, the voltage applied to the motor, the motor pulse
signal, and the motor temperature are read and stored in
memory.

[0153] Next, in step S905, movement target calculation
unit control is performed to calculate the target movement
position when the motor moves to any of a plurality of
positions registered in advance or when it moves by a
specified amount from the current position. The current
position and movement position are memorized by a pulse
counter that counts the output of the hall sensor, and the
drive request for the motor is set/reset according to the
difference between the target position and the current posi-
tion.

[0154] Next, in step S906, motor drive start control is
performed. In this control, the motor is driven by designat-
ing the motor ON/OFF signal, the amount of voltage regu-
lation, the amount of current regulation, and the amount of
PWM output to the motor drive circuit 804 in accordance
with the set/reset state of the above drive request.

[0155] Next, in step S907, motor drive stop control is
performed. In this control, a motor ON/OFF signal, voltage
regulation amount, current regulation amount, and PWM
duty are designated to the motor drive circuit 804 to end the
motor drive.

[0156] Finally, in step S908, one routine time elapses, and
when a predetermined time elapses, steps S902 to S907 are
executed again.
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[0157] Details of the motor stop mode will now be
described with reference to FIGS. 9 to 22.

[0158] First, the motor drive stop control flow in FIG. 9
will be described. In step S1001, the speed during motor
driving is calculated. The speed can be calculated by mea-
suring the average pulse edge interval during motor driving
or the pulse edge interval time immediately before stopping
the motor.

[0159] Details regarding this pulse edge interval measure-
ment are described in FIG. 10.

[0160] In order to accurately measure the speed during
steady-state rotation, the average pulse edge interval is
calculated by averaging the pulse edge intervals generated
during the period B from the end of the motor rise period A
to the start of the motor stop. Period C may be adopted as
the final pulse edge interval.

[0161] This will

Angular Velocity Calculated from “Average Time Between
Pulse Edges in Period B (TOavr)”

= n/T0avr = wavr

and
The Angular Velocity Calculated from “the Time (TOsgl) of
the Final Pulse Edge Interval (Period C)”

=7/T0sgl = wsgl

can be calculated and stored in memory.

[0162] Next, in step S1002, the time required from turning
off the motor output signal to stopping the motor is detected.
This time corresponds to T2 described in FIGS. 11 and 12.
[0163] FIG. 11 (motor stop starting point 1) is the case
where the current rotation angle of the motor is unknown at
the timing when it is determined that the motor needs to be
stopped. In this case, the timing at which the pulse edge is
detected is set as the motor rotation stop starting point. FIG.
12 (motor stop starting point 2) is the case where the current
rotation angle 0 of the motor is known at the timing when
it is determined that the motor needs to be stopped. If the
current rotation angle of the motor is known, that time is set
as the motor rotation stop starting point. T2 is calculated
based on a value measured in advance, taking into consid-
eration environmental conditions such as the motor rotation
speed, temperature, and motor load.

[0164] Next, in step S1003, the start point (stop start point)
of the timer that measures the timing of turning off the motor
output signal is determined.

[0165] The stop starting point is the timing at which the
measurement of T1 in FIGS. 11 and 12 is started. FIG. 11
shows that when the pulse edge is set as the stop starting
point and the motor output signal is turned off after T1 has
passed, the motor stops after T2 has passed. That is, the
motor signal is turned off at a predetermined timing syn-
chronized with the output pulse of the rotation sensor so that
the difference between the estimated stop position and the
target rotation stop position is zero. This is also the case
when the motor is reversed and stopped, and the reverse
rotation is started after T1 has elapsed, and the motor is
stopped by performing the reverse rotation during the period
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of T2. T1 can be adjusted so that when the motor stops, it
stops exactly in the middle between the pulse edges. in short,

Rotation angle at time T1+72 =m+(1/2)x7

should be
If the interval of T14T2 is large and (n) pulse edges are
straddled between T1+T2,

Rotation angle at time T1+72=nxn+(1/2)xx

should be

In FIG. 11, n=1 because it straddles one pulse edge.
[0166] FIG. 12 shows a case where SW807 and SW808
are OFF and the timing at which it is determined that the
motor needs to be stopped, such as when the target move-
ment position is reached, is set as the stop starting point.
[0167] When the motor output signal is turned off after T1
has elapsed from the stop starting point, the motor stops after
T2 has elapsed.

[0168] T1 should be adjusted so that when the motor stops,
it stops exactly in the middle between the pulse edges. Let
0 be the motor rotation angle when it is determined that the
motor needs to be stopped.

Rotation angle at time T1+ 72 =nxm—-0+(1/2)xx

should be In FIG. 12, n=2 because it straddles two pulse
edges.

[0169] In this case, it is necessary to recognize 6 by always
measuring the motor rotation speed while the motor is being
driven.

[0170] O can be obtained by calculating the angular veloc-
ity from the pulse edge interval and multiplying it by the
elapsed time from the pulse edge.

[0171] FIG. 11 can be said to be a special case where 6=0
can be confirmed by pulse edge measurement. As long as it
is possible to recognize 0, any timing can be used as the stop
starting point without being limited to the timings shown in
FIGS. 11 and 12.

The rotation angle that rotates in the period of T1 is

71 time rotation angle = wx 71 =2x71/70

becomes. For o, wavr or wsgl described above with refer-
ence to FIG. 10 is used.

[0172] When obtaining the rotation angle that advances in
the period of T2, first, the deceleration angular acceleration
a is obtained. Since the angular velocity becomes 0 in the
period of T2,

w—-axT2=0
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holds. For this reason,

o =w/T2 =x/(TOX T2)

becomes.

[0173] Here, the rotation stop position is estimated from
the deceleration of the DC motor, and deceleration control is
performed to stop the motor at the target rotation angle
position.

Therefore, the rotation angle of T2 is

wxT2-(12)axT2x T2 =

(m/T0) x T2 = (1/2) x (m/(TOX T2)) x T2 X T2 = (1/2) x 7% (T2/T0)

becomes. From now on, the angle that advances in T1+T2 is

ax T1/T0+ (1/2)x 7% (T2/T0)

becomes. Since this rotation angle should be nxm—6+(1/2)x
T,

AXT1YTO +(1/2)x 7 x (T2/T0) = nxm -0+ (1/2) x 7

holds.
Than this

T1 = ((nxm— 0+ (1/2)x7)x T0 - (1/2) x 7 x T2)/n

T1=(1/2)x(T0-T72)...n=0,0=0

to obtain T1.
[0174] In the case of the form shown in FIG. 11, T1 may
be obtained by substituting 6=0.
[0175] The explanation here assumes that the deceleration
acceleration is constant (linear), but if the deceleration curve
is known, it can be used for calculation.
[0176] Next, in step S1004, the elapsed time of T1 is
detected, and the motor output signal is turned OFF to stop
the motor. When the motor is to be reversed, the motor is
reversed for a period of T2.
[0177] Although FIG. 11/FIG. 12 describes the case where
the motor is not reversed, the same calculation formula can
be used when the motor is reversed.
[0178] Next, the details of the motor stop required time
calculation (S1002) in FIG. 9 will be described with refer-
ence to FIGS. 13 to 21. As a calculation method, there are
two methods shown in FIG. 13. That is, there are a method
1 of calculation using a table and a method 2 of calculation
using the magnitude of the load.
[0179] When calculating using tables in method 1, the six
tables shown in FIG. 14 are used for calculation.
[0180] (1) Use a table for each moving direction (FIG.
14(A)).
[0181] (2) Use a table for each movement angle (FIG.
14(B)).
[0182] (3) Using tables for different rotation directions
(FIG. 14(C)).
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[0183] (4) Use a table for each stop position (FIG.
14(D)).

[0184] (5) Use a table by aging time (FIG. 14(E)).

[0185] (6) Use a temperature-specific table (FIG.
14(F)).

[0186] Of course, it is possible to combine six and
assemble a more detailed pattern.

[0187] For example, (1) moving direction and (4) stop
position may be combined.

[0188] (1) Sub-patterns such as upward (M11)/down-
ward (M12)/forward (M13)/backward (M14)/leftward
(M15)/rightward (M16) as measurements by move-
ment direction can be considered (FIG. 14(A)). Sub-
patterns differ due to the influence of gravity and the
like.

[0189] (2) A pattern such as upward angle (M21)/
downward angle (M22)/leftward angle (M23)/right-
ward angle (M24) can be considered as a measurement
for each movement angle (FIG. 14(B)).

[0190] (3) A pattern such as upward rotation (M31)/
downward rotation (M32)/leftward rotation (M33)/
rightward rotation (M34) is conceivable as a measure-
ment of the direction of rotation (FIG. 14(C)).

Measure the relationship between T2, motor speed, and
motor applied voltage for each of M11 to M16/M21 to
M24/M31 to M34.

[0191] (4) T2 is measured at a plurality of (n) points
within the operating range as measurement for each
stop position. For example, a plurality of points may be
selected for each fixed distance or each rotation angle,
or measurement may be performed at points where
mechanical resistance changes (FIG. 14(D)).

Measure the relationship between T2, motor speed, and
motor applied voltage for each of these M41 to M4n.

[0192] (5) A plurality of (n) drive times are measured in
advance as measurements for each aging time. The
driving time in this case is the driving time compared
with the life cycle of the product. For example, for a
product with a life of 10,000 hours, measurement is
performed by positioning timings such as 100 hours
(M51), 200 hours (M52), 300 hours (M53), etc. as
measurement time points (FIG. 14 (E)).

Measure the relationship between T2, motor speed, and
motor applied voltage for each of M51 to M5n.

[0193] (6) As a measurement for each temperature,
measure at a plurality of (n) temperatures within the
guaranteed range (FIG. 14(F)).

[0194] Measure the relationship between T2, motor speed,
and motor applied voltage for each of M61 to M6n.
[0195] The temperature can be measured using the therm-
istor shown in FIG. 7. Also, even if the thermistor is not
installed, the temperature information may be acquired via
the communication data control section shown in FIG. 7. As
for the information, date/time information and location
information may be acquired and the temperature may be
estimated from them.

[0196] When calculating using the magnitude of the load
in method 2, calculate by the method shown in FIG. 15.
[0197] A plurality of (n) loads are measured in advance for
each load size measurement. For each of M71 to M7n, the
relationship between T2 and motor speed/motor applied
voltage is measured as shown in FIG. 15(A).
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[0198] There are the following two methods for detecting
the actual load (load condition) applied while the motor is
running.

[0199] (A) A method of determining from load infor-
mation acquired from a control device cooperating in
communication and load information stored in the
control device 800 in advance.

[0200] (B) A method of measuring the load while the
motor is running.

[0201] There are the following three methods of (B).
[0202] (B-1)Measure the current flowing through the

motor and determine the load (FIG. 16).

[0203] In FIG. 16, the motor output signal turns ON
at timing t0, and the motor rotation speed reaches
constant rotation at timing t3. The motor output
signal turns OFF at timing t4. The average current
value during the period from timing t3 to timing t4
is measured. Alternatively, the current value at tim-
ing t4 is measured.

[0204] (B-2) Measure the period of the motor pulse
signal (or the rotation speed of the motor calculated
from the period), and determine the load from the
ratio of the period to the current, voltage, and power
(FIG. 17).

[0205] (B-3) Measure the frequency of the motor
pulse signal and determine the load from the ratio of
the frequency to the current, voltage, power, etc.
(FIG. 17).

[0206] In FIG. 17, the motor output signal turns ON at
timing t0, and the motor rotation speed reaches constant
rotation at timing t3. The motor output signal turns OFF at
timing t4. An average value is measured during the period
from timing t3 to timing t4. Alternatively, the last pulse edge
interval is used to measure the value.

[0207] In the embodiments of FIGS. 16 and 17,

[0208] The load is associated with (pulse period/current),
or (pulse period/voltage), or (pulse period/power).

[0209] The load is associated with (pulse periodxcurrent),
or (pulse periodxvoltage), or (pulse periodxpower).

[0210] The values used as measurements in (B-1) to (B-3)
are the average values during motor drive (excluding the
start-up period) or the values immediately before stopping.
Since the average value while the motor is stably rotating is
required, the measured value while the motor is starting up
is not used for calculating the average value.

[0211] When using the average value, it is possible to
avoid the effects of instantaneous load fluctuations, but on
the other hand, it is likely to cause a deviation from the load
immediately before stopping.

[0212] Ifthe value immediately before the stop is used, the
load at the stop timing can be measured, but it is susceptible
to sudden load fluctuations. The most advantageous one may
be selected depending on the characteristics of the load.
[0213] In Method 1 and Method 2 described so far, it is
necessary to measure M11 to M16, M21 to M24, M31 to
M34, M41 to M4n, M51 to M5n, M61 to M6n, and M71 to
M7n as necessary. One way to reduce the number of
measurements is to slow down the motor to a constant speed
and then stop it.

[0214] The number of measurements can be reduced by
starting stop control after always reducing the motor speed
to a constant speed.
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[0215] FIG. 18(A) shows the case where T2 is calculated
when the motor is not decelerated. It is necessary to measure
not only low rotational speeds but also the entire range of
high rotational speeds.

[0216] As shown in FIG. 18(B), if stop control is started
after the motor speed has always been reduced to a constant
speed, there is no need to measure a speed higher than the
speed at which deceleration is started.

[0217] A method for reducing the motor speed can be
achieved by reducing any one of the motor voltage, motor
current, and motor voltage PWM duty value in the motor
drive circuit 804. The rotational speed of the DC motor set
by the rotational speed control can also be determined based
on the motor load state immediately before stopping or
starting reverse rotation of the DC motor. The motor load
state can be calculated from at least one of the following
information: the rotational speed of the motor calculated
from the output pulses of the rotation sensor, the voltage
applied to the motor, or the current value of the motor.
[0218] By implementing the embodiments described so
far, the motor can be stopped at the center between the pulse
edges.

[0219] However, in the actual usage environment, there
are cases where the product is used in a state where the
mechanism is worn out and the product life is clearly
exceeded, and the product is used in situations that are not
covered by the product warranty. In such a case, the devia-
tion between T2 in FIGS. 14(A) to 14(D) and FIG. 15(A)
and T2 that is actually effective becomes large.

[0220] Of course, even if the deviation is large, it is
preferable to operate as close to the original target as
possible.

[0221] Symptoms when the deviation is large are as shown
in FIG. 19(A), when the pulse edge is detected after a wide
interval after the motor starts; as shown in FIG. 19(B), when
the pulse edge is detected immediately after the motor starts;
and as shown in FIG. 21, when unexpected pulse edge is
detected before or after the motor is stopped.

[0222] This phenomenon occurs because the motor does
not stop at the center of the pulse edge interval in either case.
In this case, learning control is used.

In the case of FIG. 19, the value of T2 is adjusted as shown
in FIG. 20.

The value adopted as T2 is T2+T2'.

[0223] As shown in FIG. 19(B), if the time (L) from motor
output ON to the first pulse edge is smaller than the normal
range, it indicates that the motor has stopped beyond the
center of the pulse edge interval. There is. Therefore, T2'
increases as it falls below the normal range. As shown in
FIG. 19(A), on the other hand, when the value becomes
larger than the normal range, it indicates that the pulse edge
interval is stopped before the center of the pulse edge
interval. Therefore, T2' becomes larger as a negative value
as it exceeds the normal range.

[0224] In the case of FIG. 21, the motor is shown to have
stopped beyond the center of the pulse edge.

[0225] Therefore, it is necessary to increase T2 for a
certain period of time.

[0226] The value adopted as T2 is T2+T2".

[0227] In this case, it is preferable to adopt a small value
for T2" and increase it little by little each time the symptoms
shown in FIG. 21 occur. This is because if a large value is
set from the beginning, there is a possibility that the motor
will stop far before the center of the pulse edge.
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That is, in this learning control, the start timing of the
deceleration control is adjusted so as to reduce the difference
between the rotation stop position and the target rotation
stop position (the center of the pulse edge). In addition to
this, the stop control can also be performed by learning
control such that the value for controlling the rotational
speed is corrected so that the motor speed becomes a
predetermined value before the start of the stop control.
Furthermore, stop control includes an inertial rotation mode
that cuts off power to the DC motor, a brake mode that
electrically shorts the power supply terminals of the DC
motor, and a forced braking mode in that applies electric
power to the power supply terminals of the DC motor to give
a rotational force in the direction opposite to the operation
direction. It is also possible to perform learning control so as
to correct the selection state of each of these modes.
[0228] In this stop control, each of the above-mentioned
corrected states is learned and stored as a plurality of
parameters corresponding to the movable position or mov-
ing direction of the moving body.

[0229] In addition, since the pulse edge interval is large,
sometimes on the order of several milliseconds, the software
processing time may not be negligible. In FIG. 22, the timer
T1 is activated after the motor rotation stop starting point is
detected, but if it takes T3 as software processing time to
activate the timer, the actual motor stop will be delayed by
T3. This causes the motor stop position to shift from the
center of the pulse edge.

[0230] Therefore, the value adopted as T1 needs to be
T1-T3.
[0231] In the embodiment, an electric power seat is illus-

trated, but it is also applicable to an electric tilt/telescopic
steering device.

1. A positioning device, comprising:

an actuator connected to a moving body and composed of
a DC motor, a speed reduction mechanism, and a
single-phase rotation sensor for detecting an amount of
rotational displacement of the speed reduction mecha-
nism; and

the electronic control device for electrically driving the
DC motor;

wherein

the electronic control device comprises stop control
means for performing deceleration control so as to stop
the DC motor, with a target rotation stop position set
substantially midway between the rising edge and the
falling edge of the output pulse of the rotation sensor.

2. The positioning device according to claim 1,

wherein

the stop control means performs deceleration control to
decelerate and stop the DC motor in an inertial rotation
mode in which power supply to the DC motor is
interrupted.

3. The positioning device according to claim 1,

wherein

the stop control means performs deceleration control to
decelerate and stop the DC motor in a braking mode in
which power supply terminals of the DC motor are
electrically shorted.

4. The positioning device according to claim 1,

wherein

the stop control means performs deceleration control to
decelerate and stop the DC motor in a forced braking
mode in which electric power is applied to power
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supply terminals of the DC motor to provide a rota-
tional force in a direction opposite to the direction in
which the DC motor rotates during operation.

5. The positioning device according to claim 1, wherein

the stop control means performs deceleration control to
decelerate and stop the DC motor by combining at least
the following two or more modes:

The modes are;

an inertial rotation mode in which power supply to the DC
motor is cut off,

a braking mode in which the power supply terminals of
the DC motor are electrically shorted, and

a forced braking mode in which electric power is applied
to the power supply terminals of the DC motor to give
a rotational force in the direction opposite to the
direction in which the DC motor rotates during opera-
tion.

6. The positioning device according to claim 1, wherein

the stop control means estimates a rotation stop position
from the deceleration of the DC motor, and decelerates
the DC motor to stop at the target rotation stop position,
in a process of controlling the DC motor to decelerate
and stop.

7. The positioning device according to claim 1, wherein

the stop control means controls the rotation speed of the
DC motor so that the rotation speed before starting
control to decelerate and stop the DC motor reaches a
predetermined value.

8. The positioning device according to claim 7, wherein

the rotation speed control is performed by making the
voltage applied to the power supply terminal of the DC
motor variable.

9. The positioning device according to claim 7, wherein

the rotation speed control is performed by making the
current applied to the power supply terminal of the DC
motor variable.

10. The positioning device according to claim 7, wherein

the rotation speed control is performed by making the
duty ratio of the voltage applied to the power supply
terminals of the DC motor variable.

11. The positioning device according to claim 7, wherein

the rotational speed of the DC motor set by the rotational
speed control of the stop control means is a function of
an ambient temperature of the DC motor.

12. The positioning device according to claim 7, wherein

the rotation speed of the DC motor set by the rotation
speed control of the stop control means is determined
by the motor load state immediately before starting the
process of controlling the speed reduction of the DC
motor.

13. The positioning device according to claim 12, wherein

the load state of the motor is calculated from at least one
information of the rotation speed of the motor calcu-
lated from the output pulse of the rotation sensor, the
voltage applied to the motor, or the current value of the
motor.

14. The positioning device according to claim 1, wherein

the stop control means starts the process of performing the
deceleration control so as to stop the DC motor at the
target rotation stop position at a predetermined timing
synchronized with the output pulse of the rotation
Sensor.
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15. The positioning device according to claim 1, wherein

the stop control means

calculates a required motor stop time T2 required from the
start of stop control of the DC motor to the actual stop
of the DC motor,

calculates a time T1, which is the difference between the
timing of starting the stop control and the current time,
in order to stop the DC motor at the target rotation stop
position; and

when it is determined that it is necessary to stop the DC
motor, after the time T1 has passed, starts a control to
stop the DC motor.

16. The positioning device according to claim 15, wherein

the required motor stop time T2 is calculated by providing
a table of the relationship between the rotational speed
or applied voltage of the DC motor and the required
motor stop time T2,

such a table is configured by at least one of per movement
direction, per movement angle, per rotation direction,
per stop position, per aging time, and per temperature.
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17. The positioning device according to claim 12, wherein

the stop control means calculates the load of the DC motor
by using at least one of output pulse period/voltage,
output pulse period/current, and output pulse period/
power.

18. The positioning device according to claim 15, wherein

when the stop control means calculates the time T1, which
is the difference between the timing of starting the stop
control and the current time, the time T1 includes the
time T3 required for arithmetic processing.

19. The positioning device according to claim 1, wherein

the moving body is an electric power seat for a vehicle.

20. The positioning device according to claim 1, wherein

the moving body is an electric tilt/telescopic steering
system for a vehicle

21. A control method for the positioning device according

to claim 1.



