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POSITION DETECTING SWITCH,
ACTUATOR, AND POSITION DETECTING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2023-009409 filed on Jan. 25, 2023, the contents of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a position detecting
switch, an actuator, and a position detecting method.

Description of the Related Art

[0003] In JP 2014-104876 A, a position detecting device
including a Hall IC is disclosed. The Hall IC serves as a
sensor that detects the position of a magnet.

SUMMARY OF THE INVENTION

[0004] However, in the case that a deviation occurs
between the designed position where the Hall IC is installed
and the position where the Hall IC is actually installed, the
accuracy in detecting the position of the magnet decreases.
[0005] The present invention has the object of solving the
aforementioned problem.

[0006] A first aspect of the present invention is character-
ized by a position detecting switch configured to detect a
position of a movable body that is movable in a predeter-
mined direction, based on a magnet attached to the movable
body, the position detecting switch including a magnetic
sensor configured to detect magnetism of the magnet, and to
output a detected value in accordance with the magnetism,
a determination unit configured to determine whether or not
the detected value lies within a predetermined range, and a
setting unit configured to set the predetermined range cen-
trally around the detected value corresponding to a specified
position which is a position of the movable body specified
by an operator.

[0007] A second aspect of the present invention is char-
acterized by an actuator, including the position detecting
switch according to the first aspect, the movable body, and
an accommodation unit configured to accommodate the
movable body in an interior portion of the accommodation
unit, wherein the position detecting switch is attached to an
outer surface of the accommodation unit.

[0008] A third aspect of the present invention is charac-
terized by a position detecting method of detecting a posi-
tion of a movable body that is movable in a predetermined
direction, based on a magnet attached to the movable body,
the position detecting method including a detection step of
detecting magnetism of the magnet by a magnetic sensor, a
determination step of determining whether or not a detected
value detected in accordance with the magnetism lies within
a predetermined range, and a setting step of setting the
predetermined range centrally around the detected value
corresponding to a specified position which is a position of
the movable body specified by an operator.
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[0009] According to the present invention, it is possible to
prevent the accuracy in detecting the position from decreas-
ing due to a reduced accuracy in the attachment of the
magnetic sensor.

[0010] The above and other objects, features, and advan-
tages of the present invention will become more apparent
from the following description when taken in conjunction
with the accompanying drawings, in which a preferred
embodiment of the present invention is shown by way of
illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a diagram illustrating an actuator having
a position detecting switch according to an embodiment;
[0012] FIG. 2 is a diagram schematically showing a con-
figuration of the position detecting switch;

[0013] FIG. 3 is a block diagram schematically showing a
configuration of a control device for the position detecting
switch;

[0014] FIG. 4 is a diagram illustrating detected values of
the position detecting switch;

[0015] FIG. 5A is a diagram showing an example of
connection between the position detecting switch and an
external device;

[0016] FIG. 5B is a diagram showing an example of
connection between the position detecting switch and an
external device;

[0017] FIG. 6A is a flowchart showing a range setting
processing procedure performed by the control device of the
position detecting switch;

[0018] FIG. 6B is a flowchart showing a position detecting
processing procedure performed by the control device of the
position detecting switch;

[0019] FIG. 7 is a diagram schematically showing a con-
figuration of a control device for the position detecting
switch according to Exemplary Modification 1;

[0020] FIG. 8 is a diagram illustrating position data of a
movable body;
[0021] FIG. 9A is a flowchart showing a range setting

processing procedure performed by the control device of the
position detecting switch;

[0022] FIG. 9B is a flowchart showing a position detecting
processing procedure performed by the control device of the
position detecting switch;

[0023] FIG. 10 is a diagram illustrating position data of a
movable body calculated by the position detecting switch
according to Exemplary Modification 2;

[0024] FIG. 11 is a diagram illustrating a hysteresis cor-
responding to a predetermined interval set by the position
detecting switch according to Exemplary Modification 3;
[0025] FIG. 12A is a flowchart illustrating a predeter-
mined value setting processing procedure performed by the
control device of the position detecting switch according to
Exemplary Modification 4; and

[0026] FIG. 12B is a flowchart showing a range setting
processing procedure performed by the control device of the
position detecting switch.

DETAILED DESCRIPTION OF THE
INVENTION

[0027] FIG. 1 is a diagram illustrating an actuator 20
having a position detecting switch 10 according to an
embodiment. The position detecting switch 10 detects the
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position of a movable body (to be described later) that is
movable in a predetermined direction in an interior of the
actuator 20. In the present embodiment, the actuator 20 is a
gripper that grips a non-illustrated workpiece. However, the
actuator 20 may be another device in which a movable body
is incorporated, such as an air cylinder or the like.

[0028] The actuator 20 includes a pair of fingers 22, a
finger supporting unit 24, and an accommodation unit 26.
One from among the pair of fingers 22 may be referred to as
a finger 22A, and the other may be referred to as a finger
22B. By moving the finger 22A and the finger 22B in a
closing direction to come into close proximity toward each
other, the workpiece is gripped by the pair of fingers 22. By
moving the finger 22A and the finger 22B in an opening
direction to separate away from each other, the workpiece is
released from the pair of fingers 22.

[0029] The finger supporting unit 24 supports the pair of
fingers 22 in a manner so as to be capable of opening and
closing. The finger supporting unit 24 is attached to the
accommodation unit 26. A groove 40 is formed in the outer
surface of the accommodation unit 26. A main body 60 of the
position detecting switch 10 is inserted into the groove 40
and thereby attached thereto.

[0030] The position detecting switch 10 includes the
aforementioned main body 60, a connector 62 for making an
external connection, and a cable 64. The cable 64 connects
the main body 60 and the connector 62. A notification device
70 is provided on the main body 60. The notification device
70, for example, is an LED lamp.

[0031] The accommodation unit 26 serves to accommo-
date a movable body 86 and a magnet 88. The movable body
86 is capable of moving along a predetermined direction
(direction of movement) M perpendicular to the opening and
closing direction of the pair of fingers 22. The movable body
86 is moved, for example, by a pneumatic control.

[0032] The magnet 88 is attached to the movable body 86.
Accordingly, when the movable body 86 is moved, the
magnet 88 also moves in the direction of movement M
together with the movable body 86. By the above-described
position detecting switch 10 detecting the magnetism of the
magnet 88, the position of the magnet 88 can be detected.
Since the position of the movable body 86 is capable of
being determined from the position of the magnet 88,
hereinafter, the position of the magnet 88 may also be
referred to as the position of the movable body 86.

[0033] In accordance with the movement of the movable
body 86, the pair of fingers 22 opens and closes. In the case
that the movable body 86 is closest to the pair of fingers 22,
the pair of fingers 22 are in a maximally opened state. In the
case that the movable body 86 is maximally spaced away
from the pair of fingers 22, the pair of fingers 22 are in a
maximally closed state.

[0034] FIG. 2 is a diagram schematically showing the
configuration of the position detecting switch 10. The main
body 60 of the position detecting switch 10, as described
above, is attached to the outer surface of the accommodation
unit 26. In addition to the above-described notification
device 70, the main body 60 of the position detecting switch
10 further includes a control device 100, a magnetic sensor
102, and a communication module 104.

[0035] The magnetic sensor 102, for example, is an MR
sensor or a TMR sensor that detects magnetism based on an
electrical resistance that changes depending on a magne-
toresistive effect. The magnetic sensor 102 may also be a
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Hall sensor that detects magnetism based on a voltage
generated according to a Hall effect. The magnetic sensor
102 detects the magnetism of the magnet 88 that moves in
the direction of movement M together with the movable
body 86, and outputs a detected value D corresponding to
the magnetism. The detected value D output by the magnetic
sensor 102 changes depending on the position of the mov-
able body 86.

[0036] The position in the aforementioned direction of
movement M in the case that the pair of fingers 22 are
maximally opened is defined as a position Xo. The position
in the aforementioned direction of movement M in the case
that the pair of fingers 22 are maximally closed is defined as
a position Xc. A position Xs of the magnetic sensor 102 in
the direction of movement M need not rely on the position
Xo or the position Xc described above. As long as the
magnetic sensor 102 is capable of detecting the magnetism
of the magnet 88, the position Xs may be at any position.
Accordingly, there is no need to pay attention to the accu-
racy in the attachment of the magnetic sensor 102.

[0037] The control device 100 operates in two types of
modes. The two types of modes are a detection mode for
detecting the position of the movable body 86, and a setting
mode prior to the detection mode. The control device 100 in
the detection mode determines whether or not the detected
value D output by the magnetic sensor 102 lies within a
predetermined range R. In the present embodiment, a first
predetermined range Ro and a second predetermined range
Rc are set as the predetermined range R that is used for such
a determination. The first predetermined range Ro corre-
sponds to a state in which the pair of fingers 22 are
maximally opened. More specifically, in the case that the
detected value D of the magnetic sensor 102 lies within the
first predetermined range Ro, it can be estimated that the
magnet 88 is at the position Xo.

[0038] The second predetermined range Rc corresponds to
a state in which the pair of fingers 22 are maximally closed.
More specifically, in the case that the detected value D of the
magnetic sensor 102 lies within the second predetermined
range Rc, it can be estimated that the magnet 88 is at the
position Xc. Moreover, although the number of the prede-
termined ranges R in the present embodiment is two, the
number of the predetermined ranges R may be one, or may
be three or more. Since it is possible to set a plurality of the
predetermined ranges R, one magnetic sensor 102 is capable
of detecting a plurality of positions.

[0039] The control device 100 outputs the determination
result to an external device 110 via the communication
module 104, the cable 64, and the connector 62. The external
device 110 to which the determination result is output, for
example, is a PLC (Programmable Logic Controller) 110A.
[0040] The connector 62 includes one or a plurality of
output terminals. In the present embodiment, since the
number of the predetermined ranges R is two, as shown in
FIG. 2, the connector 62 includes two output terminals 120
and 122. The output terminal 120 and the output terminal
122 output determination results made by the control device
100. For example, in the case it is determined that the
detected value D of the magnetic sensor 102 lies within the
first predetermined range Ro, the output terminal 120 out-
puts an output signal indicating such a determination result
to the PLC 110A.

[0041] In the case it is determined that the detected value
D of the magnetic sensor 102 lies within the second prede-
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termined range Rc, the output terminal 122 outputs an output
signal indicating such a determination result to the PLC
110A. In this manner, one of the predetermined ranges R
used for the determination corresponds to one of the output
terminals. By increasing the number of the output terminals
that the connector 62 possesses, the number of the prede-
termined ranges R can be increased. Therefore, convenience
is enhanced.

[0042] InFIG. 2, the PLC 110A to which the output signal
from the output terminal 120 is output, and the PLC 110A
to which the output signal from the output terminal 122 is
output are shown as being separate devices. However, the
output signals from the output terminal 120 and the output
terminal 122 may be output to the same PLC 110A via a
non-illustrated line concentration device.

[0043] The aforementioned predetermined range R is set
in the following manner prior to carrying out the detection
of'the position of the movable body 86. Initially, the operator
connects the external device 110 that is used for setting the
predetermined range R to the output terminal 120. In this
instance, the external device 110 that is connected to the
output terminal 120 is a setting device 110B for the purpose
of setting the predetermined range R.

[0044] The control device 100 of the position detecting
switch 10 outputs a detection signal indicative of the
detected value D of the magnetic sensor 102 to the setting
device 110B via the output terminal 120. The detected value
D changes in accordance with the movement of the magnet
88. A non-illustrated computation circuit of the setting
device 110B calculates position data indicative of the posi-
tion of the movable body 86 based on the detected value D
indicated by the detection signal output from the control
device 100.

[0045] The operator refers to the calculated position data,
and by operating the setting device 110B, specifies a specific
position of the movable body 86. Specifically, while refer-
ring to the calculated position data, the operator presses a
push button (to be described later) on the setting device
110B at a time when the position of the movable body 86 has
become the specific position. In the present embodiment, the
specific position of the movable body 86 is defined as being
the position Xo or the position Xc of the movable body 86.
When the push button is pressed, the setting device 110B
outputs a specified signal. The specified signal is input to the
output terminal 120. In other words, there is no need to
separately provide an input terminal for the specified signal.
Therefore, the connector 62 can be made smaller in scale.
[0046] Inthe setting mode, the control device 100 acquires
the specified signal input to the output terminal 120, via the
cable 64 and the communication module 104. The control
device 100 sets a predetermined range R for each of the
specified positions. The specified position is a position X of
the movable body 86 at a timing when the control device 100
has acquired a specified signal. The specified position in the
present embodiment is the position Xo or the position Xc of
the movable body 86. Accordingly, the first predetermined
range Ro is set for the position Xo, and the second prede-
termined range Rc is set for the position Xc. A specific
example of setting the predetermined range R will be
described later using FIG. 4.

[0047] An output line 130 and a communication line 132
are connected between the control device 100 of the position
detecting switch 10 and the communication module 104.
The above-described output signal that is output to the PL.C
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110A is transferred from the control device 100 to the
communication module 104 via the output line 130. Fur-
thermore, the output signal, which is transferred to the
connector 62 via the cable 64, is output to the PLC 110A
from the above-described output terminal 120 or the output
terminal 122, as noted previously.

[0048] The aforementioned detection signal that is output
to the setting device 110B is transferred from the control
device 100 to the communication module 104 via the
communication line 132. Furthermore, the detection signal,
which is transferred to the connector 62 via the cable 64, is
output from the output terminal 120 to the setting device
110B, as noted previously. Further, the aforementioned
specified signal output from the setting device 110B is input
to the output terminal 120. Furthermore, the specified signal,
which is transferred from the connector 62 to the commu-
nication module 104 via the cable 64, is acquired by the
control device 100 via the communication line 132.

[0049] FIG. 3 is a block diagram schematically showing a
configuration of the control device 100 for the position
detecting switch 10. The control device 100 includes a
processing circuit 150 and a storage device 152. The pro-
cessing circuit 150 includes a processor such as a CPU or a
GPU or the like. The storage device 152 includes a volatile
memory such as a RAM or the like, and a nonvolatile
memory such as a ROM or a flash memory or the like. The
volatile memory is used as a working memory for the
processor. The nonvolatile memory stores programs to be
executed by the processor and other necessary data.

[0050] The processing circuit 150 includes a detected
value acquisition unit 170, a determination unit 172, a signal
acquisition unit 174, a setting unit 176, a notification unit
178, and an output unit 180. By the processing circuit 150
executing a program stored in the storage device 152, the
detected value acquisition unit 170, the determination unit
172, the signal acquisition unit 174, the setting unit 176, the
notification unit 178, and the output unit 180 are realized. At
least a portion of the detected value acquisition unit 170, the
determination unit 172, the signal acquisition unit 174, the
setting unit 176, the notification unit 178, and the output unit
180 may be realized by an integrated circuit such as an ASIC
or an FPGA or the like, or alternatively, by an electronic
circuit including a discrete device.

[0051] The detected value acquisition unit 170 acquires
from the magnetic sensor 102 the detected value D of the
magnetic sensor 102. In the case that the setting device 110B
is connected as the external device 110 to the connector 62,
the detected value acquisition unit 170 is capable of output-
ting a detection signal indicative of the detected value D to
the setting device 110B.

[0052] The determination unit 172 determines whether or
not the detected value D output by the magnetic sensor 102
lies within the predetermined range R. The notification unit
178 causes the notification device 70 to issue a notification
of the determination result made by the determination unit
172. In the case that the notification device 70 is an LED
lamp, when it is determined that the detected value D lies
within the predetermined range R, the LED lamp is turned
on. When it is determined that the detected value D does not
lie within the predetermined range R, the LED lamp is
turned off.

[0053] The output unit 180 outputs to the external device
110 (the PLC 110A) an output signal indicative of the
determination result made by the determination unit 172.
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When it is determined that the detected value D lies within
the predetermined range R, a notification to that effect is
issued to the operator by the external device 110.

[0054] The signal acquisition unit 174 acquires the speci-
fied signal from the operator, from the external device 110
(the setting device 110B). The setting unit 176 sets the
predetermined range R using the detected value D at the
specified position at a timing when the specified signal has
been acquired.

[0055] FIG. 4 is a diagram illustrating the detected value
D of the position detecting switch 10. In the example shown
in FIG. 4, in the case that the movable body 86 is at the
position Xo, the value of the detected value D is Do. It shall
be assumed that the position Xo of the movable body 86 is
specified by the operator as the aforementioned specified
position. In that case, the setting unit 176 of the control
device 100 sets the predetermined range R (the first prede-
termined range Ro) centrally around the detected value D
=Do at the specified position. If the operator specifies one
specified position, the predetermined range R is set. There-
fore, setting of the predetermined range R is simple to
perform.

[0056] Specifically, the range of the detected value D, in
which the magnitude of the difference from the detected
value D corresponding to the position Xo (which is a
specified position) lies within a predetermined value V, is set
as the first predetermined range Ro. A lower limit value and
an upper limit value of the first predetermined range Ro are
the detected value D=Do-V and the detected value D=Do+
V, respectively. The positions of the movable body 86
corresponding to the detected value D=Do-V and the
detected value D=Do+V are Xo-P1 and Xo+P2, respec-
tively. Accordingly, in the case that the position of the
movable body 86 lies within the range of Xo-P1 to Xo+P2,
it is determined that the detected value D lies within the first
predetermined range Ro.

[0057] Inthe example shown in FIG. 4, in the case that the
movable body 86 is at the position Xc, the value of the
detected value D is Dc. It shall be assumed that the position
Xc of the movable body 86 is specified by the operator as the
aforementioned specified position. In that case, the setting
unit 176 of the control device 100 sets the predetermined
range R (the second predetermined range Rc) centrally
around the detected value D=Dc at the specified position.
[0058] Specifically, the range of the detected value D, in
which the magnitude of the difference from the detected
value D corresponding to the position Xc (which is a
specified position) lies within a predetermined value V, is set
as the second predetermined range Rc. A lower limit value
and an upper limit value of the second predetermined range
Rc are the detected value D=Dc-V and the detected value
D=Dc+V, respectively. The positions of the movable body
86 corresponding to the detected value D=Dc-V and the
detected value D=Dc+V are Xc-P3 and Xc+P4, respec-
tively. Accordingly, in the case that the position of the
movable body 86 lies within the range of Xc-P3 to Xc+P4,
it is determined that the detected value D lies within the
second predetermined range Rc.

[0059] FIG. 5A and FIG. 5B are diagrams showing
examples of connections between the position detecting
switch 10 and the external device 110. In FIG. 5A and FIG.
5B, the external device 110 is the setting device 110B for
setting the predetermined range R. Setting of the predeter-
mined range R is carried out prior to carrying out the
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detection of the position of the movable body 86. The setting
device 110B, in addition to the aforementioned non-illus-
trated computation circuit, further includes a display unit
200 and a push button 202. The setting device 110B, as
described above, is connected to the output terminal 120.
[0060] The display unit 200 of the setting device 110B, in
accordance with the movement of the movable body 86,
displays the position data calculated by the computation
circuit of the setting device 110B. The operator refers to the
position data displayed on the display unit 200 of the setting
device 110B, and presses the push button 202 of the setting
device 110B at a time when the data indicates the specific
position. When the push button 202 is pressed, the setting
device 110B outputs the aforementioned specified signal.
[0061] FIG. 5A shows a state in which the movable body
86 is at the aforementioned position Xo at which the pair of
fingers 22 are maximally opened. In the case that the
movable body 86 is at the aforementioned position Xo, the
position data Qo, which is obtained by the calculation made
by the computation circuit of the setting device 110B, is
displayed on the display unit 200 as the position of the
movable body 86. More specifically, the position data Qo
indicates that the movable body 86 is at the aforementioned
position Xo. In the case that the position data Qo is dis-
played, the operator presses the push button 202 of the
setting device 110B. By the operator pressing the push
button 202, the aforementioned specified signal is output.
[0062] The signal acquisition unit 174 of the control
device 100 of the position detecting switch 10 acquires the
specified signal. The setting unit 176 sets the first predeter-
mined range Ro taking, as the specified position, the position
Xo of the movable body 86 at the timing when the specified
signal is acquired.

[0063] FIG. 5B shows a state in which the movable body
86 is at the aforementioned position Xc at which the pair of
fingers 22 are maximally closed. In the case that the movable
body 86 is at the aforementioned position Xc, the position
data Qc, which is obtained by the calculation made by the
computation circuit of the setting device 110B, is displayed
on the display unit 200 as the position of the movable body
86. More specifically, the position data Qc indicates that the
movable body 86 is at the aforementioned position Xc. In
the case that the position data Qc is displayed, the operator
presses the push button 202 of the setting device 110B. By
the operator pressing the push button 202, the aforemen-
tioned specified signal is output.

[0064] The signal acquisition unit 174 of the control
device 100 of the position detecting switch 10 acquires the
specified signal. The setting unit 176 sets the second pre-
determined range Rc taking, as the specified position, the
position Xc of the movable body 86 at the timing at which
the specified signal is acquired.

[0065] FIG. 6A is a flowchart showing a range setting
processing procedure performed by the control device 100
of the position detecting switch 10. The present processing
procedure is periodically performed, for example, by the
processing circuit 150 included in the control device 100, in
a setting mode prior to detecting the position of the movable
body 86. When the present processing procedure is initiated,
in step S1, the detected value acquisition unit 170 acquires
from the magnetic sensor 102 the detected value D of the
magnetic sensor 102. Moreover, during execution of the
present processing procedure, the movable body 86 is mov-
ing in the direction of movement M. In step S2, the detected
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value acquisition unit 170 outputs a detection signal indica-
tive of the detected value D to the external device 110 (the
setting device 110B).

[0066] In step S3, the signal acquisition unit 174 deter-
mines whether or not a specified signal specified by the
operator has been acquired from the external device 110 (the
setting device 110B). In the case it has become YES in step
S3, the present processing procedure proceeds to step S4. In
the case it has become NO in step S3, the present processing
procedure comes to an end. In step S4, the setting unit 176
sets the predetermined range R using the detected value D
acquired in step S1. When the process of step S4 is com-
pleted, the present processing procedure comes to an end.

[0067] FIG. 6B is a flowchart showing a position detecting
processing procedure performed by the control device 100
of the position detecting switch 10. The present processing
procedure is periodically performed, for example, by the
processing circuit 150 included in the control device 100, in
a detection mode. When the present processing procedure is
initiated, in step S31, the detected value acquisition unit 170
acquires from the magnetic sensor 102 the detected value D
of the magnetic sensor 102.

[0068] In step S32, the determination unit 172 determines
whether or not the detected value D acquired in step S31 lies
within the first predetermined range Ro corresponding to the
state in which the pair of fingers 22 are maximally opened.
In step S33, based on the determination result carried out in
step S32, the determination unit 172 determines whether or
not the movable body 86 is at the position Xo at which the
pair of fingers 22 are maximally opened.

[0069] In the case it is determined in step S32 that the
detected value D lies within the first predetermined range
Ro, then in step S33, it is determined that the movable body
86 is at the position Xo. In the case it is determined in step
S32 that the detected value D does not lie within the first
predetermined range Ro, then in step S33, it is determined
that the movable body 86 is not at the position Xo. In the
case it has become YES in step S33, the present processing
procedure proceeds to step S36. In the case it has become
NO in step S33, the present processing procedure proceeds
to step S34.

[0070] In step S34, the determination unit 172 determines
whether or not the detected value D acquired in step S31 lies
within the second predetermined range Re corresponding to
the state in which the pair of fingers 22 are maximally
closed. In step S35, based on the determination result carried
out in step S34, the determination unit 172 determines
whether or not the movable body 86 is at the position Xc at
which the pair of fingers 22 are maximally closed.

[0071] In the case it is determined in step S34 that the
detected value D lies within the second predetermined range
Re, then in step S35, it is determined that the movable body
86 is at the position Xc. In the case it is determined in step
S34 that the detected value D does not lie within the second
predetermined range Rc, then in step S35, it is determined
that the movable body 86 is not at the position Xc. In the
case it has become YES in step S35, the present processing
procedure proceeds to step S36. In the case it has become
NO in step S35, the present processing procedure proceeds
to step S37.

[0072] In step S36, the notification unit 178 causes the
notification device 70 to issue a notification of the determi-
nation result made by the determination unit 172. As the
determination result, a notification is issued to the effect that
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the movable body 86 has been determined to be at the
position Xo in step S33, or alternatively, that the movable
body 86 has been determined to be at the position Xc in step
S35.

[0073] In step S37, the output unit 180 outputs to the
external device 110 (the PLC 110A) an output signal indica-
tive of the determination result made by the determination
unit 172. When the process of step S37 is completed, the
present processing procedure comes to an end.

Exemplary Modifications

[0074] The above-described embodiment may be modified
in the following manner.

Exemplary Modification 1

[0075] Inthe above-described embodiment, in order to set
the predetermined range R, the detected value acquisition
unit 170 of the control device 100 outputs to the setting
device 110B a detection signal indicative of the detected
value D of the magnetic sensor 102. However, a detection
signal indicative of the position data Q of the movable body
86 may be output.

[0076] FIG. 7 is a diagram schematically showing a con-
figuration of the control device 100 for the position detecting
switch 10 according to Exemplary Modification 1. The
processing circuit 150 of the control device 100 shown in
FIG. 7 differs from the processing circuit 150 of the control
device 100 shown in FIG. 3, in that it further includes a
position calculation unit 220. Hereinafter, descriptions that
overlap or are duplicative with those of the processing
circuit 150 of the control device 100 shown in FIG. 3 will
be omitted.

[0077] The position calculation unit 220 calculates the
position data Q indicative of the position of the movable
body 86 based on the detected value D acquired by the
detected value acquisition unit 170. The detected value
acquisition unit 170 does not output a detection signal
indicative of the detected value D, but outputs to the setting
device 110B a detection signal indicative of the position data
Q calculated by the position calculation unit 220. In that
case, the computation circuit of the setting device 110B
displays the position data Q on the display unit 200.
[0078] FIG. 8 is a diagram illustrating the position data Q
of the movable body 86. In the example shown in FIG. 8, in
the case that the movable body 86 is at the position Xo, the
value of the position data Q is Qo. It shall be assumed that
the position Xo of the movable body 86 is specified by the
operator as the aforementioned specified position. In that
case, the setting unit 176 of the control device 100 sets the
predetermined interval S (the first predetermined interval
So) centrally around the position data Q=Qo at the specified
position. If the operator specifies one specified position, the
predetermined interval S is set. Therefore, setting of the
predetermined interval S is simple to perform.

[0079] Specifically, a range of the position data Q, in
which the magnitude of the difference from the position data
Q corresponding to the position Xo (which is a specified
position) lies within a predetermined value U, is set as the
first predetermined interval So. A lower limit value and an
upper limit value of the first predetermined interval So are
the position data Q=Qo-U and the position data Q=Qo+U.
The positions of the movable body 86 corresponding to the
position data Q=Qo-U and the position data Q=Qo+U are
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Xo0-P11 and Xo+P12, respectively. Accordingly, in the case
that the position of the movable body 86 lies within the
range of Xo-P11 to Xo+P12, it is determined that the
position data Q lies within the first predetermined interval
So.

[0080] Inthe example shown in FIG. 8, in the case that the
movable body 86 is at the position Xc, the value of the
position data Q is Qc. It shall be assumed that the position
Xc of the movable body 86 is specified by the operator as the
aforementioned specified position. In that case, the setting
unit 176 of the control device 100 sets the predetermined
interval S (the second predetermined interval Sc) centrally
around the position data Q=Qc at the specified position.
[0081] Specifically, a range of the position data Q, in
which the magnitude of the difference from the position data
Q corresponding to the position Xc (which is a specified
position) lies within a predetermined value U, is set as the
second predetermined interval Sc. A lower limit value and an
upper limit value of the second predetermined interval Sc
are the position data Q=Qc-U and the position data Q=Qc+
U. The positions of the movable body 86 corresponding to
the position data Q=Qc-U and the position data Q=Qc+U
are Xc-P13 and Xc+P14, respectively. Accordingly, in the
case that the position of the movable body 86 lies within the
range of Xc-P13 to Xc+P14, it is determined that the
position data Q lies within the second predetermined interval
Sc.

[0082] FIG. 9A is a flowchart showing a range setting
processing procedure performed by the control device 100
of the position detecting switch 10. The present processing
procedure is periodically performed, for example, by the
processing circuit 150 included in the control device 100, in
a setting mode prior to detecting the position of the movable
body 86. Moreover, during execution of the present pro-
cessing procedure, the movable body 86 is moving in the
direction of movement M. Among the steps in the processing
procedure shown in FIG. 9A, descriptions of those steps
which are designated by the same reference numerals as the
steps of the processing procedure shown in FIG. 6 A will be
omitted.

[0083] When the process of step S1 is completed, in step
S41, the position calculation unit 220 calculates the position
data Q indicative of the position of the movable body 86
based on the detected value D acquired in step S1. When the
process of step S41 is completed, the process proceeds to
step S2.

[0084] In the case it has become YES in step S3, then in
step S42, the setting unit 176 sets the predetermined interval
S using the position data Q that has been calculated in step
S41. Setting of the predetermined interval S corresponds to
the setting unit 176 having set the predetermined range R
using the detected value D. When the process of step S42 is
completed, the present processing procedure comes to an
end.

[0085] FIG. 9B is a flowchart showing a position detecting
processing procedure performed by the control device 100
of the position detecting switch 10. The present processing
procedure is periodically performed, for example, by the
processing circuit 150 included in the control device 100, in
a detection mode. When the present processing procedure is
initiated, in step S31, the detected value acquisition unit 170
acquires from the magnetic sensor 102 the detected value D
of the magnetic sensor 102. In step S51, the position
calculation unit 220 calculates the position data Q indicative
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of'the position of the movable body 86 based on the detected
value D acquired in step S31.

[0086] In step S52, the determination unit 172 determines
whether or not the position data Q calculated in step S51 lies
within the first predetermined interval So corresponding to
the maximally opened state of the pair of fingers 22. The fact
of'it being determined that the position data Q lies within the
first predetermined interval So in step S52 corresponds to, in
the above-described embodiment, the determination unit
172 determining that the detected value D lies within the first
predetermined range Ro.

[0087] In step S53, based on the determination result
carried out in step S52, the determination unit 172 deter-
mines whether or not the movable body 86 is at the position
Xo at which the pair of fingers 22 are maximally opened. In
the case it is determined in step S52 that the position data Q
lies within the first predetermined interval So, then in step
S53, it is determined that the movable body 86 is at the
position Xo. In the case it is determined in step S52 that the
position data QQ does not lie within the first predetermined
interval So, then in step S53, it is determined that the
movable body 86 is not at the position Xo.

[0088] In the case it has become YES in step S53, the
present processing procedure proceeds to step S56. In the
case it has become NO in step S53, the present processing
procedure proceeds to step S54.

[0089] In step S54, the determination unit 172 determines
whether or not the position data Q acquired in step S51 lies
within the second predetermined interval Sc corresponding
to the maximally closed state of the pair of fingers 22. The
fact of it being determined that the position data Q lies
within the second predetermined interval Sc in step S54
corresponds to, in the above-described embodiment, the
determination unit 172 determining that the detected value D
lies within the second predetermined range Re.

[0090] In step S55, based on the determination result
carried out in step S54, the determination unit 172 deter-
mines whether or not the movable body 86 is at the position
Xc at which the pair of fingers 22 are maximally closed. In
the case it is determined in step S54 that the position data Q
lies within the second predetermined interval Sc, then in step
S55, it is determined that the movable body 86 is at the
position Xc. In the case it is determined in step S54 that the
position data Q does not lie within the second predetermined
interval Sc, then in step S55, it is determined that the
movable body 86 is not at the position Xc.

[0091] In the case it is determined in step S54 that the
position data Q lies within the second predetermined interval
Sc, then in step S55, it is determined that the movable body
86 is at the position Xc. In the case it is determined in step
S54 that the position data Q does not lie within the second
predetermined interval Sc, then in step S55, it is determined
that the movable body 86 is not at the position Xc. In the
case it has become YES in step S55, the present processing
procedure proceeds to step S56. In the case it has become
NO in step S55, the present processing procedure proceeds
to step S57.

[0092] In step S56, the notification unit 178 causes the
notification device 70 to issue a notification of the determi-
nation result made by the determination unit 172. As the
determination result, a notification is issued to the effect that
the movable body 86 has been determined to be at the
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position Xo in step S53, or alternatively, that the movable
body 86 has been determined to be at the position Xc in step
S55.

[0093] In step S57, the output unit 180 outputs to the
external device 110 (the PLC 110A) an output signal indica-
tive of the determination result made by the determination
unit 172. When the process of step S57 is completed, the
present processing procedure comes to an end.

Exemplary Modification 2

[0094] In the above-described Exemplary Modification 1,
the operator specifies a plurality of the specified positions.
However, the operator may specify one specified position.
FIG. 10 is a diagram illustrating the position data Q of the
movable body 86 calculated by the position detecting switch
10 according to Exemplary Modification 2. In the example
shown in FIG. 10, in the case that the movable body 86 is
at the position Xa, the value of the position data Q is Qa. It
shall be assumed that the position Xa of the movable body
86 is specified by the operator as the aforementioned speci-
fied position. In that case, the setting unit 176 of the control
device 100 sets the predetermined interval S centrally
around the position data Q=Qa at the specified position.
[0095] Specifically, a range of the position data Q, in
which the magnitude of the difference from the position data
Q corresponding to the position Xa, which is a specified
position, lies within a predetermined value U, is set as the
predetermined interval S. A lower limit value and an upper
limit value of the predetermined interval S are the position
data Q=Qa-U and the position data Q=Qa+U. The positions
of the movable body 86 corresponding to the position data
Q=Qa-U and the position data Q=Qa+U are Xa-P21 and
Xa+P22, respectively. Accordingly, in the case that the
position of the movable body 86 lies within the range of
Xa-P21 to Xa+P22, it is determined that the position data Q
lies within the predetermined interval S.

[0096] According to the present modification, if the opera-
tor specifies one specified position from among the positions
to which the movable body 86 is capable of moving, the
predetermined interval S is set. Regardless of which position
is the specified position, the magnetic sensor 102 can be
attached to any arbitrary position. Accordingly, the accuracy
in the attachment of the magnetic sensor 102 is not required.
Regardless of the position where the magnetic sensor 102 is
attached, any arbitrary position to which the movable body
86 is capable of moving can be specified as the specified
position.

Exemplary Modification 3

[0097] In the above-described Exemplary Modification 1
and the Exemplary Modification 2, the lower limit value and
the upper limit value of the predetermined interval S are
values such that the magnitude of the difference from the
position data Q corresponding to the specified position
becomes the predetermined value U. However, a hysteresis
may be set for each of the lower limit value and the upper
limit value of the predetermined interval S. In the present
exemplary modification, an example will be described in
which the hysteresis is set for the predetermined interval S
shown in FIG. 10 of the Exemplary Modification 2.

[0098] FIG. 11 is a diagram illustrating the hysteresis Sh
corresponding to the predetermined interval S set by the
position detecting switch 10 according to the Exemplary
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Modification 3. In this instance, in the case that the deter-
mination unit 172 of the control device 100 determines that
the detected value D output by the magnetic sensor 102 lies
within the predetermined interval S, the determination result
is regarded as being ON. In the case that the determination
unit 172 determines that the detected value D output by the
magnetic sensor 102 lies outside of the predetermined
interval S, the determination result is regarded as being OFF.
[0099] In the case that the position data Q changes from
being a value outside of the predetermined interval S to a
value being within the predetermined interval S, the deter-
mination result changes from OFF to ON. In that case, the
lower limit value and the upper limit value of the predeter-
mined interval S are the position data Q=Qa-U and the
position data Q=Qa+U, respectively, in the same manner as
in the Exemplary Modification 2.

[0100] A predetermined interval St in a case that the
determination result changes from ON to OFF is obtained by
setting the hysteresis Sh for the predetermined interval S. In
the case that the position data Q changes from being a value
inside of the predetermined interval St to a value being
outside of the predetermined interval St, the determination
result changes from OFF to ON. In that case, the lower limit
value and the upper limit value of the predetermined interval
St are the position data Q=Qa-U-Sh and the position data
Q=Qa+U+8Sh, respectively.

[0101] The lower limit value of the predetermined interval
St is lower than the lower limit value of the predetermined
interval S by the amount of the hysteresis Sh. The upper
limit value of the predetermined interval St is higher than the
upper limit value of the predetermined interval S by the
amount of the hysteresis Sh. According to the present
exemplary modification, it is possible to prevent an unstable
state from occurring in which the determination result is
repeated between ON and OFF.

Exemplary Modification 4

[0102] In the above-described Exemplary Modification 1,
the setting unit 176 of the control device 100 sets the
predetermined interval S based on the position data Q at the
specified position and the predetermined value U. The
predetermined value U may be specified by the operator. In
the present exemplary modification, the operator operates
the setting device 110B (refer to FIG. 5A), which is the
external device 110, and thereby inputs a specified value to
be set as the predetermined value U. A specified value input
signal indicative of the specified value that has been input is
input from the setting device 110B to the output terminal 120
of the connector 62.

[0103] The specified value input signal that has been input
to the output terminal 120 is transferred from the connector
62 to the communication module 104 via the cable 64.
Furthermore, the specified value input signal is acquired by
the signal acquisition unit 174 (refer to FIG. 3 and FIG. 7)
of the control device 100 via the communication line 132. In
this manner, the signal acquisition unit 174 acquires the
specified value specified by the operator, from the external
device 110 (the setting device 110B). The signal acquisition
unit 174 stores the specified value that has been acquired, in
the storage device 152.

[0104] The setting unit 176 of the control device 100 sets
the specified value that is stored in the storage device 152,
to the predetermined value U. The setting unit 176 sets the
predetermined interval S on the basis of the position data Q
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at the specified position, and the predetermined value U
stored in the storage device 152.

[0105] FIG. 12A is a flowchart illustrating a predeter-
mined value U setting processing procedure performed by
the control device 100 of the position detecting switch 10
according to the Exemplary Modification 4. This processing
procedure is performed, for example, by the processing
circuit 150 included in the control device 100, prior to the
range setting processing procedure shown in FIG. 12B,
which will be described later.

[0106] When the present processing procedure is initiated,
in step S61, the signal acquisition unit 174 acquires a
specified value input signal from the external device 110,
and acquires the specified value specified by the operator. In
step S62, the signal acquisition unit 174 stores the specified
value acquired in step S61 in the storage device 152. When
the process of step S62 is completed, the present processing
procedure comes to an end.

[0107] FIG. 12B is a flowchart showing a range setting
processing procedure performed by the control device 100
of the position detecting switch 10. The present processing
procedure is periodically performed, for example, by the
processing circuit 150 included in the control device 100, in
a setting mode prior to detecting the position of the movable
body 86. Among the steps in the processing procedure
shown in FIG. 12B, descriptions of those steps which are
specified by the same reference numerals as the steps of the
processing procedure shown in FIG. 6 A or FIG. 9A will be
omitted.

[0108] In the case it has become YES in step S3, then in
step S71, the setting unit 176 sets the specified value that has
been stored in the storage device 152 by the signal acqui-
sition unit 174, to the predetermined value U. When the
process of step S71 is completed, the present processing
procedure proceeds to step S42.

[0109] According to the present exemplary modification,
the operator becomes capable of setting the predetermined
value U in accordance with the manner in which the actuator
20 is used, and the position of the movable body 86 can be
detected with appropriate accuracy.

Exemplary Modification 5

[0110] The embodiment and each of the exemplary modi-
fications described above may be combined.

Inventions Capable of Being Obtained from the
Embodiment

[0111] Descriptions will be given below concerning the
inventions that can be grasped from the above-described
embodiment.

[0112] (1) The position detecting switch (10) detects the
position of the movable body (86) that is capable of
moving in the predetermined direction (M), based on
the magnet (88) attached to the movable body. The
position detecting switch includes the magnetic sensor
(102) that detects the magnetism of the magnet, and
outputs the detected value (D, Q) in accordance with
the magnetism, the determination unit (172) that deter-
mines whether or not the detected value lies within the
predetermined range (R, S), and the setting unit (176)
that sets the predetermined range centrally around the
detected value corresponding to the specified position
which is the position (X, Xo, Xc, Xa) of the movable
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body specified by the operator. In accordance with
these features, there is no need to pay attention to the
accuracy in the attachment of the magnetic sensor.
Accordingly, it is possible to prevent the accuracy in
detecting the position from decreasing due to a reduced
accuracy in the attachment of the magnetic sensor.

[0113] (2) The position detecting switch may further
include the signal acquisition unit (174) that acquires
the specified signal from the operator, and the setting
unit may set the position of the movable body at a time
when the specified signal has been acquired, as the
specified position. In accordance with this feature, it is
possible to set the predetermined range corresponding
to a desired specified position.

[0114] (3) The signal acquisition unit may acquire the
specified signal from the external device (110). In
accordance with this feature, the specified position can
be determined by operating the external device.

[0115] (4) The position detecting switch may further
include the output terminal (120, 122) that outputs to
the exterior the output signal indicative of the deter-
mination result of the determination unit, and the
specified signal may be input to the output terminal. In
accordance with this feature, it becomes unnecessary to
separately provide an input terminal for the specified
signal.

[0116] (5) The setting unit may set, as the predeter-
mined range, the range of the detected value in which
the difference from the detected value corresponding to
the specified position lies within the predetermined
value (V, U). In accordance with this feature, the
predetermined range that is centered on the detected
value at the specified position can be set.

[0117] (6) The setting unit may set the specified value
specified by the operator, to the predetermined value. In
accordance with this feature, the operator is capable of
setting the predetermined value depending on the man-
ner in which the actuator including the movable body
is used.

[0118] (7) The setting unit may acquire the specified
value from the external device. In accordance with this
feature, the predetermined value can be determined by
operating the external device.

[0119] (8) The position detecting switch may further
include the output terminal (120, 122) that outputs to
the exterior the output signal indicative of the deter-
mination result of the determination unit, and the
specified value input signal indicative of the specified
value may be input to the output terminal. In accor-
dance with this feature, it becomes unnecessary to
separately provide an input terminal for the specified
value input signal.

[0120] (9) The position detecting switch may further
include the output terminal that outputs to the exterior
the output signal indicative of the determination result
of the determination unit. In accordance with this
feature, the determination result concerning whether or
not the position of the movable body is at the specified
position can be controlled centrally by an external
device such as a PLC or the like.

[0121] (10) The position detecting switch may be pro-
vided with a plurality of the output terminals. In
accordance with this feature, it is possible to determine,
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for each of a plurality of specified positions, whether or
not the position of the movable body is at the specified
position.

[0122] (11) The position detecting switch may further
include the position calculation unit (220) that calcu-
lates the position data (QQ) indicative of the position of
the movable body based on the detected value output
by the magnetic sensor, and the output terminal may
output to the exterior the detection signal indicative of
the position data. In accordance with the above fea-
tures, it becomes easier for the operator to specify the
specified position.

[0123] (12) The setting unit may set a plurality of the
predetermined ranges, and the determination unit may
determine whether or not the detected value lies within
any one of the plurality of predetermined ranges. In
accordance with this feature, a plurality of positions to
which the movable body moves can be detected.

[0124] (13) The position detecting switch may further
include the notification device (70) that issues a noti-
fication of the determination result of the determination
unit, to the operator. In accordance with this feature, it
becomes easier for the operator to visually confirm the
determination result concerning whether or not the
position of the movable body is at the specified posi-
tion.

[0125] (14) The position detecting switch may further
include the position calculation unit (220) that calcu-
lates the position data (QQ) indicative of the position of
the movable body based on the detected value output
by the magnetic sensor, and, in the case that the
position data indicates that the position of the movable
body lies within the predetermined interval (S) centered
on the specified position, the determination unit may
determine that the detected value lies within the pre-
determined range, and the setting unit may set the
predetermined interval as the predetermined range. In
accordance with the above feature(s), it becomes easier
for the operator to specify the specified position.

[0126] (15) The actuator (20) may include the position
detecting switch, the movable body, and the accommo-
dation unit (26) in which the movable body is accom-
modated in an interior portion thereof, and the position
detecting switch may be attached to the outer surface of
the accommodation unit. In accordance with these
features, the determination result concerning whether
or not the position of the movable body is at the
specified position can be stably obtained.

[0127] (16) The position detecting method of detecting
the position of the movable body (86) that is capable of
moving in the predetermined direction (M), based on
the magnet (88) attached to the movable body, includes
the detection step of detecting the magnetism of the
magnet by the magnetic sensor (102), the determination
step of determining whether or not the detected value
(D, Q) detected in accordance with the magnetism lies
within the predetermined range (R, S), and the setting
step of setting the predetermined range centrally around
the detected value corresponding to the specified posi-
tion which is the position (X, Xo, Xc, Xa) of the
movable body specified by the operator. In accordance
with these features, there is no need to pay attention to
the accuracy in the attachment of the magnetic sensor.
Accordingly, it is possible to prevent the accuracy in
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detecting the position from decreasing due to a reduced

accuracy in the attachment of the magnetic sensor.
[0128] It should be noted that the present invention is not
limited to the embodiment described above, and various
alternative or additional configurations could be adopted
therein without departing from the essence and gist of the
present invention as set forth in the appended claims.

1. A position detecting switch configured to detect a
position of a movable body that is movable in a predeter-
mined direction, based on a magnet attached to the movable
body, the position detecting switch comprising:

a magnetic sensor configured to detect magnetism of the
magnet, and to output a detected value in accordance
with the magnetism;

a determination unit configured to determine whether or
not the detected value lies within a predetermined
range; and

a setting unit configured to set the predetermined range
centrally around the detected value corresponding to a
specified position which is a position of the movable
body specified by an operator.

2. The position detecting switch according to claim 1,

further comprising:

a signal acquisition unit configured to acquire a specified
signal from the operator;

wherein the setting unit sets the position of the movable
body at a time when the specified signal has been
acquired, as the specified position.

3. The position detecting switch according to claim 2,
wherein the signal acquisition unit acquires the specified
signal from an external device.

4. The position detecting switch according to claim 3,
further comprising:

an output terminal configured to output to an exterior an
output signal indicative of a determination result of the
determination unit,

wherein the specified signal is input to the output termi-
nal.

5. The position detecting switch according to claim 1,
wherein the setting unit sets, as the predetermined range, a
range of the detected value in which a difference from the
detected value corresponding to the specified position lies
within a predetermined value.

6. The position detecting switch according to claim 5,
wherein the setting unit sets a specified value specified by
the operator, to the predetermined value.

7. The position detecting switch according to claim 6,
wherein the setting unit acquires the specified value from an
external device.

8. The position detecting switch according to claim 7,
further comprising:

an output terminal configured to output to an exterior an
output signal indicative of a determination result of the
determination unit;

wherein a specified value input signal indicative of the
specified value is input to the output terminal.

9. The position detecting switch according to claim 1,
further comprising an output terminal configured to output
to an exterior an output signal indicative of a determination
result of the determination unit.

10. The position detecting switch according to claim 9,
wherein the output terminal comprises a plurality of output
terminals.
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11. The position detecting switch according to claim 9,
further comprising:

aposition calculation unit configured to calculate position

data indicative of the position of the movable body
based on the detected value output by the magnetic
sensor,

wherein the output terminal outputs to an exterior a

detection signal indicative of the position data.

12. The position detecting switch according to claim 1,
wherein:

the predetermined range comprises a plurality of prede-

termined ranges, and the setting unit sets the plurality
of predetermined ranges; and

the determination unit determines whether or not the

detected value lies within any one of the plurality of
predetermined ranges.

13. The position detecting switch according to claim 1,
further comprising a notification device configured to issue
a notification of a determination result of the determination
unit, to the operator.

14. The position detecting switch according to claim 1,
further comprising:

aposition calculation unit configured to calculate position

data indicative of the position of the movable body
based on the detected value output by the magnetic
sensor;

wherein, in a case that the position data indicates that the

position of the movable body lies within a predeter-
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mined interval centered on the specified position, the
determination unit determines that the detected value
lies within the predetermined range; and

the setting unit sets the predetermined interval as the
predetermined range.

15. An actuator comprising:

the position detecting switch according to claim 1;

the movable body; and

an accommodation unit configured to accommodate the
movable body in an interior portion of the accommo-
dation unit;

wherein the position detecting switch is attached to an
outer surface of the accommodation unit.

16. A position detecting method of detecting a position of

a movable body that is movable in a predetermined direc-
tion, based on a magnet attached to the movable body, the
position detecting method comprising:

a detection step of detecting magnetism of the magnet by
a magnetic sensor;

a determination step of determining whether or not a
detected value detected in accordance with the magne-
tism lies within a predetermined range; and

a setting step of setting the predetermined range centrally
around the detected value corresponding to a specified
position which is a position of the movable body
specified by an operator.
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