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Position Management Apparatus and Assisting Apparatus

Technical Field

[0001]

The present invention relates to a position management apparatus for
managing a drive position of a driving member driven by a motor and to an

assisting apparatus provided with the position management apparatus.

Background Art

[0002]

The need for assisting apparatuses has increased with the aging of society.
Assisting apparatuses assist care receivers in transferring, moving, and going to
the toilet, and have, among assisting functions, a function of assisting care
receivers in standing up and sitting down. The introduction of an assisting
apparatus reduces the physical burden on caregivers, thereby preventing lower
back pain and the like as well as mitigating shortages in caregiving staff. In this
type of assisting apparatus, a motor is generally used as a driving source.
Further, in order to manage the drive position of the driving member driven by
the motor, an encoder for detecting the rotational position of the motor is used.
Encoders are widely applied not only in assisting apparatuses but also in
various types of motor devices for consumer use and industrial use. Patent
Literature 1 discloses an example of technology for managing the drive position
of a driving member using an encoder.

[0003]
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An absolute-position detecting device attached to an electric servo cylinder of
Patent Literature 1 includes an incremental encoder, an absolute position
measuring counter circuit, a backup power supply, and a power supply control
circuit. When the main power supply of a servo motor is cut off, the power
supply control circuit connects the incremental encoder and the absolute
position measuring counter circuit to a backup power supply, the absolute
position counter circuit stores the final count value after confirming that the
servo motor has stopped, and then the backup power supply is cut off. As a
result, the absolute position detecting operation can be restarted without
difficulty when the main power supply is restored due to the final count value
being accurately stored.

Patent Literature

[0004]

Patent Literature 1: Japanese Patent Application Laid-Open No. 2007-192785

Summary of Invention

Technical Problem

[0005]

As well as the motor of Patent Literature 1, motors generally do not stop
abruptly but continue rotating due to inertia. Therefore, an encoder and a
counter circuit driven by the same power supply cannot detect the inertial
rotation, and a detection error occurs. The detection error causes a shift in the
drive position of the driven member in the assisting apparatus. Further,

detection errors may accumulate due to repeated power shutdowns. This type
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of detection error can also occur in detecting units other than the encoder. In
order to eliminate the detection error, two methods are conventionally used.
[0006]

The first method uses an absolute encoder. In the absolute encoder, since
detection of the absolute rotation amount of the motor can be restarted when
the power supply is restored, the detection error generated when the power
supply was stopped is automatically resolved. Absolute encoders, however, are
more expensive than incremental encoders, increasing the equipment cost of
the position management device.

[0007]

The second method is a method in which a backup power supply is provided as
in Patent Literature 1, and the incremental encoder and the counter circuit are
operated even after the power supply to the motor is cut off. However, since a
backup power supply is required in addition to the power supply for driving the
motor, the cost of the position management device increases. If power is
supplied to the incremental encoder and the counter circuit at all times, a
detection error does not occur, but standby power is required when the motor is
stopped, resulting in a running cost.

[0008]

It is an object of the present invention to provide a low-cost position
management apparatus capable of accurately managing the drive position of a
driven member without being affected by the inertial rotation of the motor when

the power supply is cut off.
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Solution to Problem

[0009]

The position management apparatus of the present invention includes: a motor
connected to a power supply via a power switch; a position detecting device
which operates by being connected to the power supply and is configured to
detect a rotational position of the motor or a drive position of a driving member
driven by the motor; a position storage device which operates by being
connected to the power supply and is configured to store the rotational position
or the drive position detected by the position detecting device; and a power cut-
off delay circuit is configured to keep the position detecting device and the
position storage device connected to the power supply even if the power switch
is turned off from a conducting state, and to cut off the position detecting device
and the position storage device from the power supply after inertial rotation of
the motor has stopped and the position storage device has stored the rotational

position or the drive position.

Advantageous Effects of Invention

[0010]

In the position management apparatus of the present invention, the motor cut
off from the power supply by turning off the power switch rotates inertially and
eventually stops. Then, since the position detecting device and the position
storage device are maintained in a state of being connected to the power supply
by the power cut-off delay circuit, the rotational position or the drive position can

be detected until inertial rotation of the motor stops, which results in an accurate
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position being stored. When the power switch is turned on again, the activated
position detecting device sets the position previously stored in the position
storage device as the current position. Accordingly, the drive position of the
driven member can be accurately managed without being influenced by inertial
rotation of the motor when the power supply is cut off.

[0011]

An inexpensive incremental encoder can be used as the position detecting
device instead of an expensive absolute encoder. Further, a backup power
supply other than the power supply for driving the motor is unnecessary.
Further, since the power supply is cut off after inertial rotation of the motor stops
and the correct rotational position or drive position is stored, standby power is

also unnecessary. Thus, both device costs and running costs can be reduced.

Brief Description of Drawings

[0012]

FIG. 1 is a perspective view of an assisting apparatus of an embodiment as
viewed obliquely from the rear.

FIG. 2 is a side view showing a configuration of the assisting apparatus and a
care receiver in a sitting posture.

FIG. 3 is a circuit diagram of a position management apparatus of the
embodiment.

FIG. 4 is a time chart schematically illustrating an operation of the position
management apparatus of the embodiment.

FIG. 5 is a time chart schematically illustrating the operation of the position
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management apparatus of a comparative example without a power cut-off delay

circuit.

Description of Embodiments

[0013]

1. Configuration of assisting apparatus 1 of an embodiment

First, position management apparatus apparatus 7 of the embodiment will be
described. FIG. 1 is a perspective view of assisting apparatus apparatus 1 of
the embodiment as viewed obliquely from the rear. FIG. 2 is a side view
showing a configuration of assisting apparatus 1 and care receiver M in a sitting
posture. The front-rear direction, the left-right direction, and the up-down
direction shown in FIG. 1 are determined with reference to care receiver M
shown in FIG. 2. In FIG. 2, fixed cover 23, elevator cover 33, power supply 61,
and control section 62 are omitted.

[0014]

Assisting apparatus 1 assists at least one of a standing action, for care receiver
M sitting in chair C on floor surface F, from a sitting posture to a stand-up
posture, and a seating action from the stand-up posture to the sitting posture.
Further, assisting apparatus 1 can be moved by an operation of the caregiver
with care receiver M placed on assisting apparatus 1 in a stand-up posture. As
a result, assisting apparatus 1 is capable of assisting transferring and moving of
care receiver M. Assisting apparatus 1 includes base 2, lifting and lowering
section 3, pivoting section 4, supporting section 5, power supply 61, control

section 62, position management apparatus 7, and the like.
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[0015]

Base 2 includes frame 21, support column 22, fixed cover 23, footrest 24, lower
leg contact 25, six wheels 26 to 28, and the like. Frame 21 is disposed in a
substantially horizontal manner in the vicinity of floor surface F. Support column
22 is erected upward from the center, in the left-right direction, at the front of
frame 21. Lifting and lowering driving section 32, which will be described later,
is disposed inside an inner space, having a substantially rectangular cross
section, of support column 22. Fixed cover 23 covers and protects support
column 22 and the lower portion of lifting and lowering member 31, which will be
described later.

[0016]

Footrest 24 is fixed to the rear of the upper surface of frame 21, and is disposed
in a substantially horizontal manner. Feet-shaped contact mark 241 drawn on
the upper surface of footrest 24 guides the position where care receiver M puts
their feet. Lower leg contact 25 is disposed above footrest 24 with left and right
support arms 251. Left and right front wheels 26 are disposed toward the front
of the underside of frame 21. Left and right inner wheels 27 and left and right
rear wheels 28 are disposed on the underside of footrest 24. Due to the steering
function of wheels 26 to 28, assisting apparatus 1 is not only capable of moving
in a front-rear direction and changing directions but is also capable of moving
laterally (i.e., moving directly to the side) and spin-turning (i.e., rotating on the
spot).

[0017]

Lifting and lowering section 3 includes lifting and lowering member 31, lifting
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and lowering driving section 32, lifting and lowering cover 33, and the like.
Lifting and lowering member 31 is an elongated member in the vertical direction
and is supported by the rear surface of support column 22 in a vertically
movable manner. An upper portion of lifting and lowering member 31 protrudes
rearward and pivot support section 34 is disposed near the protruding rear end.
Pivot driving section 42, which will be described later, is disposed inside the
upper portion of lifting and lowering member 31. Lifting and lowering driving
section 32 disposed inside support column 22 includes lifting and lowering
motor 35 as a driving source. When connected to power supply 61, lifting and
lowering motor 35 performs a normal rotation operation or a reverse rotation
operation to drive lifting and lowering member 31 up and down. Therefore, lifting
and lowering member 31 is a member driven by lifting and lowering motor 35.
Lifting and lowering cover 33 moves up and down together with lifting and
lowering member 31, and covers and protects the periphery of lifting and
lowering member 31 and support column 22.

[0018]

Pivoting section 4 includes pivot arm member 41, pivot driving section 42, and
the like, and is provided with first handle 43. Pivot arm member 41 is pivotably
supported by pivot support section 34 of lifting and lowering member 31. Pivot
driving section 42 disposed inside the upper portion of lifting and lowering
member 31 has pivot motor 45 as a driving source. When connected to power
supply 61, pivot motor 45 performs a normal rotation operation or a reverse
rotation operation, and pivots and drives pivot arm member 41 in the front-rear

direction. Therefore, pivot arm member 41 becomes a member driven by pivot
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motor 45. First handle 43, having a rectangular frame shape, and support
section 5 are attached to pivot arm member 41. First handle 43 is gripped by
care receiver M and caregivers.

[0019]

Support section 5 is composed of trunk receiving section 52, right and left side
receiving sections 53, and the like, and is provided with second handle 54.
Using a cushion material, trunk receiving section 52 is formed into a planar
shape close to the trunk shape of care receiver M and is flexibly deformed to
support the trunk of care receiver M from below. Left and right side receiving
sections 53 are provided on the right and left sides of trunk receiving section 52.
Side receiving sections 53 support both sides of care receiver M from below. As
a result, trunk receiving section 52 and side receiving sections 53 support the
upper body of care receiver M in a stable manner. Second handle 54 is
integrally attached to the front and lower area of trunk receiving section 52.
Second handle 54 is mainly gripped by caregivers.

[0020]

Power supply 61 is disposed on the left and right of support column 22 on the
top side of frame 21. Power supply 61 is shared by lifting and lowering motor
35, pivot motor 45, and control section 62. A battery which can be repeatedly
charged and discharged can be used as power supply 61, but the present
invention is not limited thereto.

[0021]

Control section 62 is disposed on top of right power supply 61. Control section

62 is configured using, for example, a printed circuit board on which a computer
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operated by software is mounted. Control section 62 includes power switch 63,
display section 64, and connection section 65. Power switch 63 is connected
between power supply 61 and motor driver 73 described later. Display section
64 graphically displays the height of lifting and lowering member 31, the pivoting
angle of pivot arm member 41, the voltage of power supply 61, and the like.
Connection section 65 is connected to remote control device 66 (shown in FIG.
3) for inputting commands.

[0022]

Control section 62 controls lifting and lowering motor 35 and pivot motor 45
based on command inputs to remote control device 66 by care receiver M or a
caregiver. As a result, assisting apparatus 1 drives support section 5 by
combining the vertical movement of lifting and lowering member 31 with pivoting
of pivot arm member 41 in the front-rear direction, and assists at least one of
the standing action and the seating action of the care receiver M.

[0023]

2. Configuration of position management apparatus 7 of the embodiment

Next, position management apparatus 7 of the embodiment will be described.
Position management apparatus 7 manages the drive position of lifting and
lowering member 31 and pivot arm member 41. FIG. 3 is a circuit diagram of
position management apparatus 7 of the embodiment. In FIG. 3, the motor
power supply line for supplying motor power Vm is indicated by a thick solid line
and arrow, the control power supply line for supplying control power Vc is
indicated by a thin solid line and arrow, and the flow of control signals is

indicated by a broken line and arrow. Position management apparatus 7
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includes control section 62, first incremental encoder 71, second incremental
encoder 72, motor driver 73, power cut-off delay circuit 76, and the like.

[0024]

As shown in FIG. 3, brake 36 is attached to lifting and lowering motor 35, and
similarly, brake 46 is attached to pivot motor 45. Brake 36 and brake 46 apply
braking action to lifting and lowering motor 35 and pivot motor 45, respectively,
any time control power Vc is not being applied. As a result, movement of lifting
and lowering member 31 and pivot arm member 41 is regulated. Upon
application of control power Vc, brake 36 and brake 46 release braking to
permit driving by lifting and lowering motor 35 and pivot motor 45.

[0025]

First incremental encoder 71 is attached to lifting and lowering motor 35 and is
connected to and driven by control power Vc. First incremental encoder 71
outputs first code signal S1 every time lifting and lowering motor 35 rotates by a
predetermined angle. Second incremental encoder 72 is attached to pivot motor
45 and is connected to and driven by control power Vc. Second incremental
encoder 72 outputs second code signal S2 every time pivot motor 45 rotates by
a predetermined angle. Each of code signal S1 and code signal S2 is a
combination of two types of signals having phases different from each other.
The normal rotation and reverse rotation of lifting and lowering motor 35 and
pivot motor 45 are distinguished from each other by the phase difference
between the two types of signals. Known magnetic detection type rotary
encoders can be used as incremental encoder 71 and incremental encoder 72,

but the present invention is not limited thereto.
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[0026]

Motor power Vm and control power V¢ are both supplied from positive terminal
61P of power supply 61. Negative terminal 61N of power supply 61 is commonly
grounded. Motor power Vm is supplied to motor driver 73 via power switch 63
provided to the power supply line. Further, motor power Vm is separately
supplied from motor driver 73 to lifting and lowering motor 35 and pivot motor
45. On the other hand, control power Vc is supplied to control section 62, motor
driver 73, first incremental encoder 71, second incremental encoder 72, brake
36, and brake 46 via power cut-off delay circuit 76.

[0027]

The connections of the control power supply line of control power Vc will be
described in detail. As shown in FIG. 3, power cut-off delay circuit 76 includes
first power supply input 761, second power supply input 762, and power supply
output 763. First power supply input 761 is connected to positive terminal 61P
via power switch 63. Second power input 762 is connected to positive terminal
61P in parallel with power switch 63. Power supply output 763 is connected to
control section 62 and motor driver 73. Power cut-off delay circuit 76 includes
first relay 74 and second relay 75.

[0028]

First relay 74 has first input section 741 and main output section 742. First input
section 741 is connected to first power input 761 and second power input 762.
Main output section 742 is connected between second power input 762 and
power supply output 763. Main output section 742 outputs power supplied to

second power input 762 to power supply output 763 based on the input state of
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the first input section 741.

[0029]

Second relay 75 has second input section 751 and second output unit 752.
Second input section 751 receives a power cut-off command Voff from control
section 62. Second output section 752 is connected between first input section
741 and second power supply input 762. Second output section 752 outputs
power supplied to second power supply input 762 to first input section 741 until
power cut-off command Voff from control section 62 is inputted to second input
section 751. When power cut-off command Voff is inputted to second input
section 751, second output section 752 cuts off power supply to first input
section 741.

[0030]

First relay 74 includes self-maintaining output section 743, which is connected
in series with second output section 752. Self-maintaining output section 743
outputs power supplied to second power supply input 762 to first input section
741 according to the input state of first input section 741.

[0031]

An inexpensive general-purpose electromagnetic relay can be used as first
relay 74. In first relay 74 composed of an electromagnetic relay, first input
section 741 is an excitation coil. Further, main output section 742 is cut off with
first input section 741 being in a non-excited state and becomes an a-contact
which conducts with first input section 741 being in an excited state. Further,
self-maintaining output section 743 is also cut off with first input section 741

being in a non-excited state and becomes an a-contact which conducts with first
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input section 741 being in an excited state.

[0032]

An inexpensive general-purpose electromagnetic relay can be used as second
relay 75. In second relay 75 composed of an electromagnetic relay, second
input section 751 is an excitation coil. When control power Vc is supplied from
control section 62 to second input section 751, second input section 751 enters
an excited state, and when power cut-off command Voff is received that cuts off
supply of control power Vc, second input section 751 shifts to a non-excited
state. Second output section 752 is cut off by the non-excited state of second
input section 751 and becomes an a-contact that conducts current in the excited
state of second input section 751.

[0033]

Here, a large control current supplied to control section 62, motor driver 73, first
incremental encoder 71, second incremental encoder 72, brake 36, and brake
46 flows through main output section 742 of first relay 74. Therefore, main
output section 742 needs a current capacity corresponding to a large control
current. On the other hand, a relatively small control current for exciting first
input section 741 of first relay 74 flows through second output section 752 of
second relay 75. Therefore, second output section 752 may have a current
capacity corresponding to a relatively small control current. Further, power cut-
off command Voff for controlling second output section 752 may be smaller than
the control current for exciting first input section 741. Therefore, second relay 75
can be made smaller than first relay 74.

[0034]
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Control section 62 and motor driver 73 are connected to positive terminal 61P
via power supply output 763, main output section 742, and second power input
762. Motor driver 73 relays and supplies control power Vc to first incremental
encoder 71, second incremental encoder 72, brake 36, and brake 46.

[0035]

Control section 62 is operated by control power Vc. Control section 62 performs
a predetermined calculation based on command inputs to remote control device
66 for setting each control method of lifting and lowering motor 35 and pivot
motor 45. Control section 62 further instructs motor driver 73 with control
signals S3 and S4 which indicate each control method. Control signals S3 and
S4 also include a method of controlling brakes 36 and 46. Control section 62
supplies control power Vc to second input section 751 during normal operation.
[0036]

Motor driver 73 is operated by control power Vc. Motor driver 73 changes motor
power Vm in accordance with received control signals S3 and S4, and
independently adjusts the currents supplied to lifting and lowering motor 35 and
pivot motor 45. Further, motor driver 73 controls the supply of control power Vc
to brakes 36 and 46 in accordance with control signals S3 and S4. As a result,
the rotational speed and the rotational direction of lifting and lowering motor 35
and pivot motor 45 are individually adjusted. Motor driver 73 relays first code
signal S1 outputted from first incremental encoder 71 and second code signal
S2 outputted from second incremental encoder 72 to control section 62.

[0037]

Control section 62 counts received code signals S1 and S2 to detect the
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rotational positions of lifting and lowering motor 35 and pivot motor 45. Thus,
control section 62 can determine the drive positions of lifting and lowering
member 31 and pivot arm member 41 based on the rotational positions of lifting
and lowering motor 35 and pivot motor 45. Further, control section 62 stores the
detected rotational position or the obtained drive position in nonvolatile memory
67. Incremental encoders 71 and 72 and control section 62 are an embodiment
of the position detecting device of the present invention. Control section 62 and
nonvolatile memory 67 are an embodiment of the position storage device of the
present invention.

[0038]

When code signals S1 and S2 are not received for predetermined time T,
control section 62 determines that the inertial rotation of lifting and lowering
motor 35 and pivot motor 45 has stopped. Predetermined time T is preferably
set in accordance with the stopping performance of lifting and lowering motor 35
and pivot motor 45, and is set to, for example, 0.5 seconds.

[0039]

(3. Operation and use of position management apparatus 7 of the embodiment)
Next, the operation of position management apparatus 7 of the embodiment will
be described. In an initial state in which assisting apparatus 1 is completely
stopped, when power switch 63 is turned on from being turned off, motor power
Vm is supplied to motor driver 73. Further, control power Vc is supplied to first
input section 741 via power switch 63 and first power supply input 761. First
input section 741 is in an excited state causing main output section 742 and

self-maintaining output section 743 to conduct current. As a result, control
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power Vc is supplied to control section 62 and motor driver 73 via first power
supply input 761, main output section 742, and power supply output 763.
Control section 62 and motor driver 73 start controlling lifting and lowering
motor 35 and pivot motor 45, and start detecting rotational position with code
signals S1 and S2.

[0040]

Control section 62 supplies control power Vc to second input section 751 in
conjunction with the start of control and detection. As a result, second input
section 751 is in the excited state, thereby causing second output section 752 to
conduct current. Through conduction of second output section 752, control
power Vc is supplied to first input section 741 via the second power supply input
762. At this point, power is inputted to first input section 741 from both first
power supply input 761 and second power supply input 762.

[0041]

Here, it is assumed that power switch 63 is turned off during rotation of lifting
and lowering motor 35 and pivot motor 45. Power switch 63 is turned off, for
example, when an abnormality or an emergency occurs during the operation of
assisting apparatus 1. By turning off power switch 63, motor power Vm to motor
driver 73 immediately stops, and lifting and lowering motor 35 and pivot motor
45 are not supplied with power. However, even if motor power Vm turns off and
brakes 36, 46 function, lifting and lowering motor 35 and pivot motor 45 cannot
stop immediately, and inertial rotation continues.

[0042]

On the other hand, even if there is no input from first power supply input 761,
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first input section 741 continues to receive power from second power supply
input 762. Accordingly, the conduction state of main output section 742 is
maintained, and control section 62 and motor driver 73 continue to operate.
Even if control section 62 and motor driver 73 attempt to control lifting and
lowering motor 35 and pivot motor 45, respectively, there is no substantial
control function since motor power Vm of motor driver 73 is already turned off.
On the other hand, control section 62 and motor driver 73 continue to maintain
the function of detecting the rotational position from code signals S1 and S2.
[0043]

That is, each time code signals S1 and S2 are received, control section 62
detects the rotational position, determines the drive position, and stores the
rotational position or the drive position in non-volatile memory 67. When code
signals S1 and S2 are not received for predetermined time T, control section 62
determines that inertial rotation of lifting and lowering motor 35 and pivot motor
45 has stopped. For this purpose, the correct rotational or drive position
corresponding to the last received code signals S1, S2 are stored in non-volatile
memory 67.

[0044]

After determining that inertial rotation has stopped, control section 62 cuts off
control power Vc supplied to second input section 751 and sets control power
Vc to power cut-off command Voff. The excited state of second input section
751 is canceled, and second output section 752 changes to the cut-off state.
This eliminates the input from second power supply input 762 to the first input

section 741. Accordingly, the excited state of first input section 741 is canceled,
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and main output section 742 changes to the cut-off state. As a result, control
section 62 and motor driver 73 stop and return to the initial state when assisting
apparatus 1 is completely stopped.

[0045]

Next, when power switch 63 is turned on again, control section 62 and motor
driver 73 are activated. Control section 62 sets the rotational position or the
drive position previously stored in nonvolatile memory 67 as the current
position. Thereafter, control section 62 releases braking of brakes 36 and 46. In
this way, the current position set is accurate.

[0046]

As can be seen from the above description, first relay 74 continues to connect
incremental encoders 71 and 72 and control section 62 to power supply 61
even when power switch 63 is turned off from the conducting state. Second
relay 75 changes the excited state of first input section 741 of first relay 74 to
cut off incremental encoders 71 and 72 and cut off control section 62 from
power supply 61. In other words, incremental encoders 71 and 72 and control
section 62 are delayed by the action of the power cut-off delay circuit 76, as
compared with the turning off of power switch 63, and control power Vc is cut
off. When lifting and lowering motor 35 and pivot motor 45 are inertially rotating,
control section 62 continues to maintain the functions of the position detecting
device and the position storage device and stores accurate positions.
Therefore, when the power is turned on again, an accurate current position can
be set, and detection errors of the rotational position and the drive position do

not occur.
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[0047]

When power switch 63 is turned off while lifting and lowering motor 35 and pivot
motor 45 are stopped, code signals S1 and S2 are not generated. Therefore,
when predetermined time T has elapsed since the shutting down operation, the
excited state of second input section 751 is cancelled, and control section 62
and motor driver 73 are stopped.

[0048]

Furthermore, self-maintaining output section 743 has a fail-safe function of
preventing control section 62 from operating in a state in which second output
section 752 happens to somehow conduct current and power switch 63 is
turned off. Self-maintaining output section 743 is not involved in the power
shutdown delay.

[0049]

Next, the operation of position management apparatus 7 of the embodiment will
be described in comparison with a comparative example. FIG. 4 is a time chart
schematically illustrating the operation of the position management apparatus 7
according to the embodiment. FIG. 5 is a time chart schematically illustrating
the operation of the position management device of the comparative example
without power cut-off delay circuit 76. In FIGS. 4 and 5, the horizontal axis
represents time t common to both operations. FIG. 4 and FIG. 5 illustrate cases
in which power switch 63 is turned off at time t1, and then lifting and lowering
motor 35 stops during rotation at time t3. In first code signal S1, only one of two
types of signals having different phases is displayed simply as a pulse signal.

Two types of rectangular wave signals having different phases can be used as
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an actual first code signal S1, but the present invention is not limited thereto.
[0050]

In the embodiment shown in FIG. 4, before time t1, power switch 63 is turned
on, first input section 741 and second input section 751 are in the excited state,
and control power Vc is supplied to control section 62 and motor driver 73.
Motor power Vm is supplied to lifting and lowering motor 35 via power switch 63
and motor driver 73, and lifting and lowering motor 35 rotates at a constant
rotational speed. Therefore, first incremental encoder 71 outputs first code
signal S1 at predetermined time intervals, and control section 62 detects the
rotational position when first code signal S1 is received.

[0051]

When power switch 63 is turned off at time t1, motor power Vm of lifting and
lowering motor 35 turns off. As a result, lifting and lowering motor 35 shifts to
inertial rotation, the rotational speed gradually decreases, and stops at time t3.
On the other hand, first input section 741 of first relay 74 continues to output
input power. As a result, control section 62 and motor driver 73 continue to
supply control power Vc and continue to operate. Therefore, first incremental
encoder 71 operates even after time t1, and outputs first code signal S1 whose
time interval gradually expands in response to inertial rotation. Then, first
incremental encoder 71 outputs last first code signal S1end at time t2 slightly
before lifting and lowering motor 35 stops. Control section 62 receives first code
signal S1 and last first code signal S1end even after time t1 so as to detect an
accurate rotational position.

[0052]
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On the other hand, in the comparative example in which power cut-off delay
circuit 76 shown in FIG. 5 is not provided, when power switch 63 is turned off at
time t1, not only motor power Vm of lifting and lowering motor 35 but also
control power Vc of control section 62 and motor driver 73 turn off at the same
time. Therefore, first incremental encoder 71 cannot operate after time t1, and
cannot output first code signals S1 and S1end after time t1. Even if first
incremental encoder 71 outputs first code signals S1 and S1end at time t1 or
later, control section 62 that is not in operation cannot receive the signals.
[0053]

Therefore, in the comparative example, a detection error occurs corresponding
to the first code signals S1 and S1end after time t1. On the other hand, since
control section 62 of the embodiment receives first code signals S1 and S1end
after time t1, it is possible to detect an accurate rotational position in the end. In
an actual case, the resolution of first incremental encoder 71 is precise, and a
larger number of first code signals S1 are outputted than shown in FIGS. 4 and
5.

[0054]

4. Aspects and effect of position management apparatus 7 of the embodiment
The position management apparatus 7 of the embodiment includes: lifting and
lowering motor 35 and pivot motor 45 connected to power supply 61 via power
switch 63; a position detecting device (incremental encoders 71, 72, and control
section 62) which operates by being connected to power supply 61 and detects
the drive positions of driving members (lifting and lowering member 31 and pivot

arm member 41) driven by motors 35, 45; a position storage device (control
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section 62, non-volatile memory 67) which operates by being connected to
power supply 61 and storing the rotational position or drive position detected by
the position detecting device; and a power cut-off delay circuit (76) for keeping
the position detecting device and the position storage device connected to
power supply 61 even if power switch 63 is turned off from a conducting state,
and for storing the rotational position or the drive position of the position storage
device after motors 35, 45 have lost rotational speed.

[0055]

In position management apparatus 7 of the embodiment, motors 35 and 45 cut
off from power supply 61 by the turning off of power switch 63 continue to rotate
inertially and eventually stop. Then, since the position detecting device and the
position storage device are maintained in a state of being connected to power
supply 61 by power cut-off delay circuit 76, the rotational position or the drive
position can be detected until the inertial rotation of motors 35, 45 stops and an
accurate position can be stored. WWhen power switch 63 is turned on again, the
activated position detecting device sets the position previously stored in the
position storage device as the current position. Accordingly, the drive position of
the driven member can be accurately managed without being influenced by the
inertial rotation of motors 35 and 45 when power supply 61 is cut off.

[0056]

Inexpensive incremental encoders 71 and 72 can be used as a position
detecting device instead of expensive absolute encoders. Further, a backup
power supply other than power supply 61, for driving motors 35 and 45, is

unnecessary. Further, since power supply 61 is cut off after storing the correct
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rotational position or the drive position after inertial rotation of motors 35 and 45
stops, standby power is also unnecessary. Thus, both device costs and running
costs can be reduced.

[0057]

Power cut-off delay circuit 76 further includes first relay 74 for keeping the
position detecting device and the position storage device connected to power
supply 61 even when power switch 63 is turned off from the conducting state,
and second relay 75 for changing the output state of first relay 74 to cut off the
position detecting device and the position storage device from power supply 61,
and the position storage device stores rotational position or drive position after
detecting the stopping of inertial rotation of motors 35 and 45, and then causes
second relay 75 to change the output state of first relay 74. According to this, an
inexpensive electromagnetic relay can be used for first relay 74 and second
relay 75 to significantly reduce the cost of the device.

[0058]

Further, power cut-off delay circuit 76 comprises: first power supply input 761
which is connected to power supply 61 via power switch 63; second power
supply input 762 which is connected to power supply 61 in parallel with power
switch 63, and power supply output 763, which is connected to the position
detecting device and the position storage device, wherein first relay 74 includes:
first input section 741 which is connected to first power supply input 761 and
second power supply input 762, and main output section 742 which is
connected between second power supply input 762 and power supply output

763, main output section 742 outputting power supplied to second power supply
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input 762 to power supply output 763 based on an input status of first input
section 741, and wherein second relay 75 includes: second input section 751,
and second output section 752, being connected between first input section 741
and second input section 762, which outputs power supplied to second power
supply input 762 to first input section 741 until a power cut-off command is
inputted to second input section 751 from position storage device, while cuts off
the power supplied to first input section 741 when the power cut-off command is
inputted to second input section 751. With this, since power cut-off delay circuit
76 can be configured by combining first relay 74 and second relay 75 of the
general-purpose product having one or two a contacts, the circuit configuration
is simplified.

[0059]

Further, first relay 74 has self-maintaining output section 743 connected in
series with second output section 752 and outputting the power supplied to
second power input 762 to the first input section 741 according to the input state
of first input section 741. As a result, since the self-maintaining output section
743 has a fail-safe function, safety is enhanced.

[0060]

Further, the position storage device determines that the inertial rotation of the
motors 35, 45 has stopped when the rotational position or the drive position
detected by the position detecting device has not changed over predetermined
time T. According to this, since predetermined time T can be set in accordance
with the stopping of motors 35 and 45, the stopping of motors 35 and 45 can be

accurately determined.
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[0061]

5. Modification and Application of the Embodiment

The circuit configuration of power cut-off delay circuit 76 can be changed
accordingly. For example, self-maintaining output section 743 of first relay 74
may be omitted since it is not related to the power cut-off delay. First relay 74
and second relay 75 are not limited to electromagnetic relays illustrated in the
embodiment, and may be, for example, semiconductor relays. Further,
incremental encoders 71 and 72 may detect drive positions of lifting and
lowering member 31 and pivot arm member 41. Various other modifications and

applications of the present invention are possible.

Industrial Applicability

[0062]

Position management apparatus 7 of the present invention can be used for
various types of motor devices for consumer use and industrial use in addition
to assisting apparatus 1 described in the embodiment. Further, the present
invention can be applied to a lifting device for transferring care receiver M, a
movable bed device for variably adjusting the lying posture and the sitting
posture of care receiver M, and the like, in addition to assisting apparatus 1 for
assisting at least one of the standing action and the seating action of care

receiver M.

Description of Reference Signs

[0063]
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1: Assisting apparatus, 2: Base, 3: Lifting and lowering section, 35: Lifting and
lowering motor (driven member), 4: Pivoting section, 45: Pivot Motor (driven
member), 5. Support section, 61: Power supply, 62: Control section, 63: Power
switch, 7: Position management apparatus, 71: First incremental encoder, 72:
Second incremental encoder, 73: Motor driver, 74: First relay, 741: First input
section, 742: Main output section, 743: Self-maintaining output section, 75:
Second relay, 751: Second input section, 752: Second output section, 76:
Power cut-off delay circuit, 761: First power supply input, 762: Second power

supply input, 763: Power supply output
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Claims
1. A position management apparatus, comprising:
a motor connected to a power supply via a power switch;
a position detecting device which operates by being connected to the power
5 supply and is configured to detect a rotational position of the motor or a
drive position of a driving member driven by the motor;

a position storage device which operates by being connected to the power
supply and is configured to store the rotational position or the drive position
detected by the position detecting device; and

10 a power cut-off delay circuit configured to keep the position detecting device
and the position storage device connected to the power supply even if the
power switch is turned off from a conducting state, and to cut off the
position detecting device and the position storage device from the power
supply after inertial rotation of the motor has stopped and the position

15 storage device has stored the rotational position or the drive position,

wherein the power cut-off delay circuit further comprises:

a first relay configured to keep the position detecting device and the
position storage device connected to the power supply even when the
power switch is turned off from a conducting state, and

20 a second relay configured to change the output state of the first relay to cut

off the position detecting device and the position storage device from
the power supply,

wherein the position storage device is configured to store the rotational
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position or the drive position after detecting the stopping of inertial rotation
of the motor and then cause the second relay to change the output state of
the first relay,
wherein the power cut-off delay circuit further comprises:
5 a first power supply input which is connected to the power supply via the
power switch;
a second power supply input which is connected to the power supply in
parallel with the power switch, and
a power supply output which is connected to the position detecting device
10 and the position storage device,
wherein the first relay comprises:
a first input section which is connected to the first power supply input and
the second power supply input, and
a main output section which is connected between the second power
15 supply input and the power supply output, the main output section
outputting power supplied to the second power supply input to the
power supply output based on an input status of the first input section,
and
wherein the second relay comprises:
20 a second input section, and
a second output section, being connected between the first input section
and the second input section, which is configured to output power

supplied to the second power supply input to the first input section until
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a power cut-off command is inputted to the second input section from
the position storage device, while cutting off the power supplied to the
first input section when the power cut-off command is inputted to the
second input section,
5 wherein the first relay has a self-maintaining output section connected in
series with the second output section and is configured to output power
supplied to the second power input to the first input section according to an

input state of the first input section.

10 2. The position management apparatus of claim 1, wherein the position storage
device is configured to determine that the inertial rotation of the motors has
stopped when the rotational position or the drive position detected by the

position detecting device has not changed over predetermined time T.

15 3. An assisting apparatus, comprising:
the position management apparatus of any one of claims 1 to 2 and a support
section for supporting at least a portion of the care receiver,
wherein the assisting apparatus is configured to assist the care receiver in at
least one of a standing action and a seating action by driving the support

20 section with the motor.
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