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Description

[0001] The present invention relates to a switch de-
vice according to the preamble of claim 1.

[0002] The switch device comprises a sensor for ef-
fecting a detection process such as confirming the op-
eration of an ejector or the like, confirming the existence
of an object fed by a suction pad, or confirming a suction
status of the object fed by the suction pad. A wiring struc-
ture is provided between individual sensors and at least
one control device is electrically connected to the switch
device. A control device-to-sensor wiring structure is ca-
pable of simplifying wiring arrangements without requir-
ing a power line connected separately from a signal
transmitting means to each of the sensors.

BACKGROUND ART

[0003] In recent years, switch devices such as pres-
sure switches, proximity switches, photoelectric switch-
es, etc. have a tendency to perform multiple functions,
including additional functions such as trouble precogni-
tion and an analog output functions, etc. as well as
merely performing a signal on/off output function. Fur-
ther, setting sections and displays or the like corre-
sponding to the respective switch devices become com-
plicated as the demand for multiple functions increases,
as compared with the devices employed in the prior art.
[0004] A pressure switch according to the prior art will
now be shown in FIG. 1 as an illustrative example.
[0005] The pressure switch 1 has a display 3 for dis-
playing a pressure thereon, which is provided on an up-
per surface of a body 2 shaped substantially in the form
of a rectangular parallelopiped. A pressure setting
screw 4 formed of a minus screw, and an operation in-
dicator or operation pilot lamp 5 for indicating the state
of operation of the pressure switch 1, are disposed ad-
jacent to the display 3. A desired pressure value is set
by turning the pressure setting screw 4. For example, a
semiconductor pressure sensor (not shown) is incorpo-
rated in the body 2 to detect the pressure of air intro-
duced from an opened pressurized air introduction port
6, and for converting the pressure into an electric signal.
Further, a conductor unit 7 is provided extending from
one surface of the body 2, which is opposite to the pres-
surized air introduction port 6, to drive the semiconduc-
tor pressure sensor and supply a detected signal to an
unillustrated external fluid device. A cylindrical member
8 having a pressurized air introduction port 6 opened at
its tip portion is integrally connected to a lower portion
of the body 2. A male screw 9 for connecting and fixing
the cylindrical member 8 to another device is formed on
the outer periphery of the cylindrical member 8, and per-
mits the cylindrical member 8 to communicate with a flu-
id passage through which the pressurized air flows.
[0006] However, a setting section comprised of the
display 3 and the pressure setting screw 4 or the like is
not always necessary for the pressure switch 1 accord-
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ing to the prior art. The setting section is merely used to
confirm and adjust a preset pressure to be used when
the pressure is set in advance, or when troubles such
as an excessive pressure, overcurrent, etc. have oc-
curred, or merely used for maintenance and inspection
of the pressure switch 1.

[0007] From the document JP-A-3-38 110 an elec-
tronic switch is known consisting of a sensor main body
and a display section. The sensor main body consists
of a sensor section, an on/off output circuit discriminat-
ing a detection signal obtained from the sensor section
at a prescribed threshold level, a threshold level setting
section setting the threshold level of the output circuit,
a multiplexer switching the threshold level setting signal
given externally and the setting value of the threshold
level setting section, and a connector. In the case of con-
firming the display at a location apart from the sensor
main body, a remote connection unit connects to the
sensor main body in place of the display station. The
unit consists of the connection section, a cable and a
display side socket, and the display side socket has the
display section at its inside, a threshold level setting cir-
cuitincluding a variable resistor is provided and the mul-
tiplexer selects the threshold level of the remote con-
nector unit.

[0008] The document JP-A-50-156463 discloses a
two-line data transmission system comprising a host
station having an electric supply, and a plurality of ter-
minals connected in parallel to the two transmission
lines connected to the host station. The power of the
terminals is supplied as a feeder pulse from the host sta-
tion, and addresses of the terminals are also obtained
through the feeder pulse. Further, data communication
between the host station and the terminals is conducted
by an analogue current signal. Signal lines and a con-
nection for each successive terminal in parallel are pro-
vided. A measuring signal can be transmitted as an an-
alogue current signal using the same line between puls-
es for electric power transmission. Discrimination from
noises can be prosecuted by counting the number of
sending/receiving a relatively large electric power with
using the electric power transmission pulse as a clock.
[0009] The document JP-A-52-15345 discloses an in-
formation sender wherein the output impedance is
made small when sending information and large when
not sending thereby reducing insertion loss of each ter-
minal equipment to increase efficiency.

[0010] The document JP-A-56-92699 discloses a
physical information sending/receiving device for an
electrical apparatus, having a physical value transfor-
mation unit disposed in an electrical apparatus and a
physical value display unit disposed outside of the elec-
trical apparatus for controlling of sending/receiving
physical information with the physical value transforma-
tion unit. The physical value transformation unit has an
operating electric power source comprising an electric
power source coil crossed with magnetic flux generated
in the electrical apparatus, a rectifier having input termi-
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nals between which the electric power source coil is con-
nected, and as stabilizer to which a rectified output from
the rectifier is inputted. The coil is provided in the alter-
nating magnetic field of an electrical apparatus for gen-
erating voltage so that the physical transformation unit
is operated by the induced voltage of the coil. Therefore,
the device can be a self-exciting type.

[0011] The document JP-U-53-46031 discloses a de-
vice for measuring the condition of a rotating object,
comprising a first coil wound up and fixed around an ax-
ial rotating object, the first coil rotated according to the
rotation of said rotating object, a second coil wound up
and fixed co-axially with the first coil but separated and
remote from the first coil, a measuring device fixedly
mounted on the rotating object for measuring the con-
dition of the rotating object by using the first and second
coils, then remotely and electromagnetically transmit-
ting an electric signal generated. An electric signal and
electric power for operating the measuring device are
transmitted simultaneously by setting a frequency of the
electric signal tranmitted from the first coil to the second
coil to be different from the frequency of the electric pow-
er for operating transmitted from the second coil to the
first coil.

[0012] The document JP-U-64-52098 discloses a
sensor system comprising a sensor unit and a measur-
ing unit remote from the sensor unit. The sensor unit has
means which photoelectrically converts incident light for
electric power supply use and uses it as an electric pow-
er source for a circuit, and also has means which mod-
ulates light and makes it outgoing by a signal detected
by a sensor. The measuring unit has means which gen-
erates the incident light for supplying electric power to
the sensor unit, and also has means which demodulates
the signal by detecting the incident light from the sensor
unit.

[0013] Further, recent control devices have an in-
creased capacity for so-called artificial intelligence. It is
thus necessary to provide power lines, control signal
lines or a number of various conductors or wires be-
tween the control devices and sensors for the purpose
of communication or the like. Further, the sensors for
detecting various control states of the signal lines used
for controlling the control devices, or those of the control
devices, need power sources for driving circuits in ad-
dition to the signal lines.

[0014] When a transistor is used for driving a sensor,
for example, it is necessary to provide a ground line, a
power line and a signal line when using either PNP or
NPN type transistors. In the case of each control device,
on the other hand, it is necessary to provide, for exam-
ple, wires for activating the drivers used for actuators
including fluid pressure and electrical operations, a pow-
er line or the like used for a control circuit.

[0015] However, inconvenience or undesired troubles
are developed in that when the signal line, the ground
line and the power line are respectively provided in a
separate manner, the wiring structure becomes compli-
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cated. Further, when the signal line, the power line, etc.
are collectively wired, they interfere with each other so
as to produce noise, and hence a desired control cannot
be performed. Further, a drawback also arises in that
miswiring can result during wiring.

[0016] Therefore, an object of the present invention is
to provide a switch device capable of avoiding functional
difficulties of a conventional switch device, the invention
comprising only essential components, and providing
an improvement in general-purpose properties by virtue
of the simplification of structure of the switch device, and
a reduction in size and weight thereof.

[0017] Another object of the present invention is to
provide a control device-to-sensor wiring structure ca-
pable of substantially eliminating a power line used for
a sensor which is attached to a switch device, thereby
simplifying the structure of the switch device while
avoiding the possibility of miswiring, and remarkably re-
ducing the amount of space required to mount the de-
vice, and reducing the generation of noise to as low a
value as possible. The sensor may comprise one includ-
ing a switching device for performing ON/OFF control
or the like.

DISCLOSURE OF THE INVENTION

[0018] The switch device according to the present in-
vention comprises the features of claim 1. A body, a set-
ting section and an adjustment section are respectively
independently provided in a separate manner. Thus,
when a pneumatic apparatus is used in normal opera-
tion, itis unnecessary to connect the setting section and
the adjustment section to each other. Accordingly, the
space required to connect them to one another can be
reduced. When maintenance and inspection of a pneu-
matic apparatus which has developed trouble is re-
quired, the adjustment section and the setting section
can be easily coupled to the body. Further, a reduction
in size and weight of the switch device makes it possible
to simplify the setting of the pneumatic circuit by the
pneumatic apparatus. When a pneumatic circuit is
formed by a number of pneumatic apparatuses, a further
general purpose improvement in the properties of each
pneumatic apparatus can be made.

[0019] Inthe control device-to-sensor wiring structure
only a signal line capable of transmitting a control signal
to at least one corresponding sensor is connected to the
sensor. At this time, the sensor is grounded. The supply
of power to the sensor may be carried out by a current
which leaks from power transferred between a low volt-
age sequencer and a driver, for example. A power sup-
ply such as a solar battery, a bioelectric battery or the
like, which does not need charging, may be incorporated
in the sensor. In doing so, the wiring can be made rela-
tively simple. Further, since the number of conductors
or wires can be reduced, inconvenience such as mis-
wiring or the like can be avoided. Moreover, since the
power line is not directly disposed closely to a sensor, it
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is possible to prevent the sensor from malfunctioning
due to the generation of noise or the like. Incidentally,
the technical idea of the present invention can be used
even when a CPU, an amplifier, etc. are operated
through signal lines.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020]

FIG. 1 is a perspective view showing a pressure
switch according to the prior art;

FIG. 2 is a perspective view illustrating a vacuum
pressure switch according to one embodiment of
the present invention;

FIG. 3 is an exploded assembly diagram of the vac-
uum pressure switch shown in FIG. 2;

FIG. 4 is a perspective view showing one example
of a control module;

FIG. 5 is a perspective view illustrating another ex-
ample of a control module;

FIG. 6is aview illustrating the manner of connection
of the control modules as shown in FIG. 4 to a con-
trol unit;

FIG. 7 is a view illustrating the manner of connection
of the control modules as shown in FIG. 5 to a con-
trol unit;

FIG. 8 is a perspective view showing the manner in
which a body of the vacuum pressure switch shown
in FIG. 2 has been coupled to an ejector;

FIG. 9 is a perspective view showing the manner in
which a vacuum pressure switch has been connect-
ed to an ejector;

FIG. 10 is a perspective view illustrating the manner
in which a connector unit has been connected to the
body of the vacuum pressure switch shown in FIG.
8;

FIG. 11 is a view illustrating the manner in which a
differential pressure is measured by a vacuum pres-
sure switch;

FIG. 12 is a perspective view showing a vacuum
pressure switch according to another embodiment
of the present invention;

FIG. 13 is a perspective view illustrating a vacuum
pressure switch according to a further embodiment
of the present invention;

FIG. 14 is a perspective view depicting a vacuum
pressure switch according to a still further embodi-
ment of the present invention;

FIG. 15 is a perspective view illustrating a photoe-
lectric switch according to a still further embodiment
of the present invention;

FIG. 16 is a perspective view showing a proximity
switch according to a still further embodiment of the
present invention;

FIG. 17 is a view for describing a circuit employed
in a still further embodiment of the present inven-
tion;
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FIG. 18 is a view schematically illustrating the man-
ner in which sequencers, actuators and a network
system are connected to one another by a wiring
structure according to the present invention; and
FIG. 19 is a view schematically showing a capaci-
tance type pressure sensor used as an alternative
to a semiconductor pressure sensor in FIG. 18.

BEST MODE FOR CARRYING OUT THE INVENTION

[0021] A switch device and a wiring structure suitable
for use in the switch device, according to the present
invention, will hereinafter be described in detail by pre-
ferred embodiments with reference to the accompany-
ing drawings.

[0022] FIG. 2 is a perspective view illustrating a vac-
uum pressure switch according to a first embodiment of
the switch device of the present invention. FIG. 3 is an
exploded assembly diagram of the vacuum pressure
switch shown in FIG. 2.

[0023] The vacuum pressure switch 10 basically com-
prises a body 12, a control unit 14, a control module 16
and a connector unit 18, all of which are individually pro-
vided in a separate manner.

[0024] More specifically, the body 12 is shaped in the
form of a rectangular parallelopiped. Further, the body
12 has, for example, a semiconductor pressure sensor
15 incorporated therein as a detecting element for de-
tecting a pressure of a fluid introduced through a vacu-
um communicating or connecting port 20. The semicon-
ductor pressure sensor 15 comprises a semiconductor
pressure sensor capable of providing binary output sig-
nals, and which outputs a high level on-state signal
when the pressure of the introduced air exceeds a pre-
set pressure, and which outputs a low level off-state sig-
nal when the pressure is less than the preset pressure.
The output signals are supplied to a terminal 24 at-
tached to one end of an upper surface of the body 12,
and having a plurality of pins 22 engraved therein (see
FIG. 3). The output signals sent to the terminal 24 are
supplied to an external device to which the connector
unit 18 (to be described later) is electrically connected.
A mounting member 26 for coupling the control unit 14
to the body 12 through a one-touch system is attached
to the other end of the upper surface of the body 12.
Further, circular trimmers and a rectangular operation
display 28 are centrally disposed between both ends of
the upper surface of the body 12. The trimmers com-
prise a pressure setting trimmer 30 and a correspond-
ing-difference setting trimmer 32. In this case, for exam-
ple, an increase and decrease in the degree of vacuum
to be set can be made by rotating screws in clockwise
and counterclockwise directions through minus grooves
centrally defined in the circular trimmers.

[0025] The term "corresponding-difference”, as em-
ployed in the corresponding-difference setting trimmer
32 implies a difference between a pressure for bringing
the output signal to an on-state when the pressure de-
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tected by the semiconductor pressure sensor reaches
the preset pressure and a pressure for bringing the out-
put signal to an off-state when the pressure is reduced
after the detected pressure has reached the preset pres-
sure.

[0026] Further, the operation display 28 has an LED,
an LCD, a color LCD or the like incorporated therein.
The operation display 28 will light up and carry out a
display process when the pressure detected by the sem-
iconductor pressure sensor 15 reaches the preset pres-
sure, so that the output signal is brought to an on-state.
The vacuum connecting port 20 for introducing a detect-
ed fluid therein is defined in a side surface perpendicular
to one side surface of the body 12, and which includes
the terminal 24 and the like. There are also provided two
mounting holes 34 corresponding to through holes ex-
tending through a side surface opposite to the one side
surface.

[0027] The control unit 14 includes a terminal 37 hav-
ing a plurality of pins 36 disposed in an upper surface
thereof, for connecting the connector unit 18 to the ter-
minal 37, and an engagement portion 38 for coupling
the control module 16 to the control unit 14. Further, the
control unit 14 is provided with projections 40 extending
vertically from both ends of the bottom thereof, each of
the projections being inserted into and fixed to the
mounting member 26 of the body 12. The engagement
portion 38 for coupling the control module 16 to the con-
trol unit 14 extends along both orthogonal axes (i.e. or-
dinate and abscissa) and is shaped in the form of a con-
vex portion centrally bent at a right angle. Thus, opposite
grooves 42 (see FIG. 4) which are defined in the control
module 16 slide along the engagement portions 38 of
the control unit 14 from either one of the vertical and
horizontal directions, thereby making it possible to cou-
ple the control unit 14 and the control module 16 to each
other. Further, terminals 44 used for the control module
16, each of which is shaped in the form of a plate for
providing an electrical connection, are provided on cor-
responding vertically-crossed surfaces of the engage-
ment portion 38, for joining the control module 16 to the
engagement portion 38.

[0028] FIGS. 4 and 5 are perspective views showing
the control module 16 and a control module 16a, respec-
tively. FIG. 4 shows one example of the control module
16 shaped substantially in the form of a cube. FIG. 5
illustrates another example of the control module 16a
shaped substantially in the form of a triangular prism or
pole. Since the respective structural elements employed
in FIGS. 4 and 5 are identical to each other except for
their shapes, the same structural elements are identified
by like reference numerals and will be described below.
[0029] Use of the control module 16 is often inconven-
ient in that, for example, the orientation of the operation
surface changes depending on the state of connection
between the control module 16 and the control unit 14,
and thus a display is hard to see. It is thus necessary to
rearrange the control module 16 as needed (see FIG.
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6). On the other hand, when the control module 16a is
used, the upward and downward directions are reversed
but the direction of the operation surface remains sub-
stantially constant. Therefore, the display may be con-
veniently viewed irrespective of the state of connection
between the control module 16a and the control unit 14.
It is thus possible to carry out a mounting or connecting
process without worrying about the state of connection
between the control module and the control unit (see
FIG. 7).

[0030] The control module 16 has a controller dis-
posed thereinside, of a type wherein an unillustrated
control circuit is provided on a printed board. On one
side surface of the control module 16 there are provided,
respectively, a color LCD panel 46, which serves as a
display means for displaying preset detection conditions
thereon, set buttons 48 shaped substantially in the form
of triangles, a mode selection button 50 shaped sub-
stantially in the form of a circle, and an illumination
switch 52. The color LCD panel 46 provides a visual dis-
play in the form of characters (such as katakana, kaniji,
etc.) and can display a warning, a mode, a set mode, a
unit (which is also convertible into another unit on the
LCD panel 46), etc. as well as pressures, etc. thereon.
The illumination switch 52 is used to illuminate the color
LCD panel 46. Further, mesh-like grooves 54, which are
used as an antislipping means, are engraved in both op-
posite side surfaces of the control module 16. When it
is desired to connect the control module 16 to the control
unit 14, they are slid together in such a manner that a
rubber connector 56 attached to one side surface of the
control module 16 is brought into contact with each cor-
responding terminal 44 of the engagement portion 38 of
the control unit 14, thereby connecting the control mod-
ule 16 and the control unit 14 to each other. Thus, the
contact between the rubber connector 56 and each ter-
minal 44 can provide electrical connections between the
control module 16 and the control unit 14. The rubber
connector 56 is constructed by stacking and sandwich-
ing conductive elastic members and non-conductive
elastic members one after the other, and holding both
side surfaces of the stacked product by the non-conduc-
tive elastic members from both sides. Incidentally, the
control module 16 and the control unit 14 are connected
to each other so as to serve as a setting portion or sec-
tion.

[0031] A lead wire or conductor 58 having a predeter-
mined length, and which serves as a signal transmitting
means, is electrically connected to the connector unit
18. For example, the conductor 58 enables an output
signal to be supplied to an unillustrated fluid device such
as a sequencer or the like so that the fluid device is con-
trolled. Further, holes (not shown) which are fitted to the
plurality of pins 22 and 36, and which respectively form
the terminals 24 and 37, are defined in the bottom of the
connector unit 18. Moreover, a rectangular operation
display 60 having an LED, an LCD, a color LCD or the
like incorporated therein is provided at the corner of the
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connector unit 18. Incidentally, the connector unit 18
may be electrically connected to either the body 12 or
the control unit 14 using the aforementioned rubber con-
nector 56.

[0032] Operation of the vacuum pressure switch 10
constructed as described above will be described below.
[0033] As shown in FIG. 8, a fluid port (not shown) is
defined in a connecting portion 64 of an ejector block
59, which serves as a vacuum generating device. The
fluid port is airtightly coupled to a vacuum communicat-
ing or connecting port 20 of the body 12. By mounting
the body 12 onto the ejector block 59, a fluid passage
(not shown) provided inside the ejector block 59 is
placed in communication with a passage which commu-
nicates with a semiconductor pressure sensor of the
body 12. Opposite grooves 42 defined in a control mod-
ule 16 are fitted to an engagement portion 38 of a control
unit 14 in alignment with the engagement portion 38 so
that the grooves 42 are slided and fitted to the engage-
ment portion 38 from either a vertical or horizontal di-
rection. At this time, terminals 44 used for the control
module, which are mounted on the engagement portion
38 of the control unit 14, and a rubber connector 56 pro-
vided on a side surface of the control module 16 are con-
nected and brought into contact with each other. There-
after, a connector unit 18 having a conductor 58 is in-
serted into a terminal 37 provided on an upper surface
of the control unit 14.

[0034] Thus, the control module 16 is electrically con-
nected to the control unit 14. Further, each of opposite
projections 40 provided at the bottom of the control unit
14 are inserted into and connected to a corresponding
mounting member 26 of the body 12 so that the connec-
tor unit 18 is connected to the terminal 37 of the control
unit 14. A pilot-operated electromagnetic feed valve
66a, which is used to control a fluid passage provided
within the ejector block 59, and a pilot-operated electro-
magnetic vacuum breakage valve 66b are mounted on
the valve block 62. Further, mounting holes 61, a silenc-
er 63 and a suction filter cover 65 are provided within a
side surface of the valve block 62. Moreover, a groove
69 for receiving a connecting rail 67, which is used to
manifold a plurality of vacuum generating devices
through the connecting rail 67, is defined in the bottom
of the valve block 62. An interlocking means 71 is de-
tachably engaged with the connecting rail 67 by a pair
of opposed springs and is provided within the groove
69. The ejector block 59 has an unillustrated nozzle pro-
vided therein, from which a pressurized fluid is emitted
or discharged so as to create a vacuum. As a result, a
work or the like is attracted to or sucked under the vac-
uum state through an unillustrated port.

[0035] A vacuum pressure switch 10 integrally formed
by connecting side by side a body 12, a control unit 14,
a control module 16 and a connector unit 18 may be
directly attached to an ejector block 59, as shown in FIG.
9. Alternatively, the control unit 14 may be connected
first to the body 12, and the resulting combination con-

10

15

20

25

30

35

40

45

50

55

nected to the ejector block 59. Finally, the control mod-
ule 16 may be connected to the control unit 14.

[0036] When the vacuum pressure switch 10 is con-
nected to the ejector block 59, set buttons 48 attached
to the control module 16 are operated to set a desired
pressure, while numeric values displayed on a color
LCD panel 46 are observed. The set pressure indicates
a pressure for bringing an output signal outputted from
a semiconductor pressure sensor to an on state. When
this pressure becomes lower than the set pressure and
falls below a corresponding-difference range, the output
signal is outputted as an off state. Such binary output
signals, represented as on and off states, are supplied
to an external device such as a sequencer or the like
through a conductor 58.

[0037] More specifically, when one attempts to attract
and feed a workpiece such as an electronic part or the
like by an unillustrated suction pad, a confirmation is
made as to whether or not the workpiece has been re-
liably sucked by the suction pad. That is, a fluid is intro-
duced from a vacuum connecting port 20 communicat-
ing with a fluid passage defined in the ejector block 59,
and communicating with a suction port of the unillustrat-
ed suction pad, and the pressure of the fluid is detected
by the semiconductor sensor provided inside the body
12. When the pressure of the introduced fluid reaches
the set pressure displayed on the color LCD panel 46,
a rectangular operation display 60 of the connector unit
18 is turned on and an on-state signal is outputted from
an unillustrated controller provided within the control
module 16. Thus, the output signal detected by the sem-
iconductor pressure sensor is supplied as an output sig-
nal to a control circuit of the controller provided within
the control module 16 through a terminal 24 of the body
12. When the pressure of the introduced fluid reaches
a pressure more than or equal to the set pressure dis-
played on the color LCD panel 46, the controller produc-
es an on-state signal through the connector unit 18. Fur-
ther, when the value of the pressure of the introduced
fluid reaches a value less than the set pressure value,
the controller produces or outputs an off-state signal
through the connector unit 18. Thus, the on- and off-
state output signals are received by the external device
connected to the conductor 58 of the connector unit 18,
so that a confirmation can be made as to whether or not
the article or the like fed to the suction pad had been
properly attracted to the suction pad.

[0038] Itisthus unnecessary to connect a setting sec-
tion, comprised of the control unit 14 and the control
module 16, to the body 12 if trouble or the like is not
developed upon feeding the article by the suction pad,
and after the setting of the detected pressure, the con-
firmation of suction, and the like have been completed.
Further, the connector unit 18 having the conductor 58
can be directly connected to the terminal 24 of the body
12 (see FIG. 10).

[0039] When vacuum pressure switches are connect-
ed in a manifold configuration by a plurality of ejector
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blocks 59 or the like, and a plurality of works are respec-
tively fed by a plurality of suction pads, at least one set-
ting section comprised of the control unit 14 and the con-
trol module 16 is mounted on a plurality of bodies 12, in
order to confirm whether or not the plurality of works are
respectively attracted by the plurality of suction pads.
Thus, set pressures can be successively set to the plu-
rality of bodies 12. When a trouble occurs, the connector
unit 18 is first drawn and separated from the terminal 24
of the body 12. The setting section comprised of the con-
trol module 16 and the control unit 14 is then connected
to the body 12 again to perform a diagnosis of the inside
of each vacuum pressure switch 10 and reset the pres-
sures, thereby enabling each vacuum pressure switch
10 to be used continuously.

[0040] A description will next be made of the case
where a differential pressure measuring process is ex-
ecuted to detect a state of clogging developed in a filter
or the like using the vacuum pressure switch 10 (see
FIG. 11).

[0041] In FIG. 11, reference numeral 68 indicates a
suction pad. Further, reference numerals 70, 72 and 74
indicate a suction filter, a double tube and a double-tube
joint respectively. Reference numerals 76A, 76B and
76C indicate T-shaped tube fittings respectively, and ref-
erence numeral 78 indicates a connector. Incidentally,
the T-shaped tube fitting comprises a coupler or joint for
connecting the double tube 72 (to be described later) to
pipes or lines 84 and 86, each of which corresponds to
a single passage. The connector 78 includes an unillus-
trated spring provided thereinside and is tightly closed
by a spring. Further, the connector 78 acts on a buffer
base when the suction pad 68 sucks a workpiece. More-
over, the connector 78 is externally provided with hex-
agonal screws so as to be attached to another actuator.
Each of the ejector units shown in FIGS. 8 through 10
may also be used in place of the vacuum pressure
switch 10 shown in FIG. 11.

[0042] A line 80 is connected to the suction pad 68 to
which the connector 78 has been connected. The line
80 is also coupled to the T-shaped tube fitting 76A so
as to branch or divide into a line 82 and a line 84 both
extending in two separate directions. The line 82 is cou-
pled to the T-shaped tube fitting 76B through the suction
filter 70 so as to divide again into a line 86 and a line 88.
The remaining line 84 is connected to the T-shaped tube
fitting 76C, to which the vacuum pressure switch 10 is
connected through a double tube 72, and to which the
line 86, which branches off from the T-shaped tube fitting
76B, is connected. The double tube 72 comprises an
inner tube and an outer tube which communicate re-
spectively with the lines 84 and 86.

[0043] Under the piping arrangement referred to
above, the line 88 is coupled to an unillustrated vacuum
suction source. A work is attracted or sucked under a
desired vacuum through a suction port (not shown) pro-
vided within a skirt 90 of the suction pad 68. The vacu-
um, which exists in the suction port, is detected by the
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vacuum pressure switch 10 through the lines 80 and 84
and the inside tube of the double tube 72. Further, the
vacuum, which has passed through the suction filter 70
via the line 82 branching off from the T-shaped tube fit-
ting 76A, is detected by the vacuum pressure switch 10
through the line 86 and the outer tube of the double tube
72. Thus, the vacuum pressure switch 10 can receive
therein two fluids flowing through the inner and outer
tubes of the double tube 72; one fluid flowing before it
passes through the suction filter 70 and the other fluid
flowing after it has passed through the suction filter 70,
to thereby measure a difference in pressure between
the two fluids. The differential pressure makes it possi-
ble to detect a state of clogging developed in an unillus-
trated filter element provided within the suction filter 70.
[0044] Switch devices according to other embodi-
ments of the present invention will next be shown in
FIGS. 12 through 16 by way of illustrative example. In-
cidentally, the same reference numerals as those em-
ployed in the present embodiment refer to the same
structured elements as those in the above-described
embodiment, and their detailed description will therefore
be omitted.

[0045] FIGS. 12through 16 respectively illustrate vac-
uum pressure switches. FIG. 12 shows a vacuum pres-
sure switch 92 of a type wherein a one-touch type cou-
pler orjoint 96 is connected to a vacuum communicating
or connecting port 94 defined in one side surface of a
body 93 of the vacuum pressure switch 92. FIG. 13 de-
picts a vacuum pressure switch 98 of a type wherein a
projection 104 having a male screw 102 is coupled to a
vacuum communicating or connecting port 100 of the
vacuum pressure switch 98. Further, FIG. 14 shows a
vacuum pressure switch 106 of a type wherein a tube
fitting 112 having a tapered edge 110 is connected to a
vacuum communicating or connecting port 108 of the
vacuum pressure switch 106. FIG. 15 illustrates a pho-
toelectric switch 114 (or a converging means of a type
wherein a photosensor or light-sensitive device is pro-
vided so as to extend outside via an optical fiber) of a
type wherein a circular light-receiving/light-emitting de-
vice 116 formed in one side surface of a body 93 of the
photoelectric switch 114 senses a variation in irradiated
light to thereby produce an output signal. The photoe-
lectric switch 114 has the advantage that it is not affect-
ed by magnetic fields. FIG. 16 illustrates a proximity
switch 118 of a type wherein a substantially-rectangular
sensor 120 provided on one side surface of a body 93
of the proximity switch 118 detects a variation in imped-
ance, to thereby produce an output signal.

[0046] The switch device according to the present in-
vention can be applied to any of the various switches
referred to above.

[0047] As shown in FIG. 17, according to the present
invention, two semiconductor sensors A124 and B126
each of which may comprise either a resistance or ca-
pacitance type, are provided in combination within a
switch device 122. Further, a filter, or hydrophobic ele-



13 EP 0 607 438 B9 14

ment (e.g., a polytetrafluoroethylene film) or the like is
used to prevent the sensors A124 and B126 from being
affected by dust and water or moisture.

[0048] Thus, a vacuum generation valve, a vacuum
break valve, a vacuum on/off valve, a vacuum generator
exhaust or discharge on/off valve, and an actuator con-
troller for operating on a workpiece are operated in ad-
vance during normal operation, or in the course of op-
eration, to thereby decide based on the state of a pres-
sure given from the vacuum generator whether the work
has been suitably attracted, or released by a suction
malfunction or the like. Then, a signal indicative of data
about the operation is sent to either a controller 128 in
the switch device 122 or a sequencer 130 based on the
result of the decision.

[0049] Further, the sensor A124 suitably changes a
value depending on the decision of either a suction suc-
cess, i.e. yes, or a suction failure, i.e. no, by the sensor
B126, according to variations in pressure supplied from
the vacuum generator 132 (or alternatively a vacuum
pump). For example, an automatic shifting method is
adopted wherein each of the pressures detected by the
sensor B126 upon suction or non-suction is calculated,
predicted and judged from the pressure detected by the
sensor A124, so that a "yes" or "no" decision is made at
a pressure value of 50%.

[0050] A description will next be made of a network
system 160 according to the present invention, wherein
a wiring structure which is disposed between control de-
vices and sensors, i.e., a control device-to-sensor wiring
structure, is connected to each of vacuum pressure
switches 10 and each of semiconductor pressure sen-
sors 15 respectively disposed within the vacuum pres-
sure switches 10, wherein the wiring structure does not
require a power line. Incidentally, the vacuum pressure
switch 10 is identical in structure and operation to the
aforementioned embodiment shown in FIG. 2, and
hence a detailed description thereof will be omitted.
[0051] FIG. 18 shows a typical network system 160.
Main control devices 162 and 164 are electrically con-
nected respectively to the network system 160. The net-
work system 160 may include a wireless LAN. Further,
the network system 160 includes sequencers 166a
through 166n, which are electrically connected to corre-
sponding drive sources 170a through 170c etc., each of
which is used to energize an actuator. For example, the
drive source 170a is electrically connected to the se-
quencer 166a to drive the robot 168a. Further, the vac-
uum pressure switch 10 is connected to a suction pad
172a attached to a leading end portion of an arm of the
robot 168a. The vacuum pressure switch 10 is connect-
ed to the sequencer 166a.

[0052] As is easily understood from FIG. 18, a lead
wire or signal line 174a for connecting the semiconduc-
tor pressure sensor 15 of the vacuum pressure switch
10 to the sequencer 166a is shaped in the form of a sin-
gle line included in a conductor unit 58. Further, a power
line is not required to be connected to each of the sem-

10

15

20

25

30

35

40

45

50

55

iconductor pressure sensors 15. Incidentally, each sem-
iconductor pressure sensor 15 is grounded.

[0053] Similarly, each of the sequencers 166b
through 166c¢ etc. utilizes the same construction as that
used for the sequencer 166a. Accordingly, robots 168b
through 168n, drive sources 170b through 170n, and the
other semiconductor pressure sensors 15 and signal
lines 174b through 174n will not be described in detail.
[0054] In the case of the sequencers 166n-1 and
166n, cylinders may be used as actuators in place of the
robots 168b through 168n, by way of illustrative exam-
ple. Further, magnetic sensors may be used as sensors.
The drivers and sensors are provided on each manifold
block. Further, a manifold including sequencers 166n-
1, and a manifold including the sequencer 166n are con-
nected to one another by serial transmission lines 178a
and 178b, respectively. Power sources, or power and
control signals, are supplied through the serial transmis-
sion lines 178a and 178b. Further, signals detected by
the sensors are sent back to the corresponding se-
quencers 166n-1 and 166n through the serial transmis-
sion lines 178a and 178b. In this case, the serial trans-
mission lines 178a and 178b may be made wireless.
Further, if microwaves are sent by wireless transmis-
sion, then either the drivers or the sensors on each man-
ifold can be driven by such transmission. Thus, the use
of microwaves makes it possible to transmit both power
and signals. The transmitted power can also be used as
a power source or supply for other devices.

[0055] Operation of the network system 160 con-
structed as described above will next be described be-
low.

[0056] When a work is fed by the suction pads 172a,
172b and 172c respectively attached to robot arms
168a, 168b and 168c, power and control signals are
supplied to the drive source 170a from the sequencer
1664, for example. At this time, the semiconductor pres-
sure sensor 15 can detect whether the work is being
properly sucked by the suction pad 172a to thereby con-
firm its state based on the result of such a detection.
Next, a signal indicative of the confirmed state is taken
in the network system 160 through the signal line 174a.
The signal can be made available for subsequent con-
trol operations of each of the main control devices 162
and 164, for example.

[0057] Asis apparentfrom FIG. 18, the conductor unit
58 of each vacuum pressure switch 10 need not include
a power line for supplying power to the semiconductor
pressure sensor 15. Only the signal lines 174a through
174n are respectively electrically connected to the sem-
iconductor pressure sensors 15. Further, a power
source having a different structure, such as a solar bat-
tery or the like, may be used as the power source for the
semiconductor pressure sensor 15. Alternatively, a
leakage current, which leaks from the sequencer 166a
and the drive source 170a, may be used. As a result, a
dedicated power line can be omitted.

[0058] Particularly, since the drivers which are placed
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on the manifolds and respectively connected to the se-
quencers 166n-1 and 166n, and the sensors which are
additionally provided along with the drivers, are relative-
ly disposed adjacent to one another, the invention has
the further advantage that a leakage current can be eas-
ily used as the power source.

[0059] The same advantageous effects as described
above can be brought about even if a capacitance-type
pressure sensor 15a is used as an alternative to the
semiconductor pressure sensor 15, asillustrated in FIG.
19 by way of example.

INDUSTRIAL APPLICABILITY

[0060] As hasbeendescribed above, accordingto the
present invention, both the switch device and the wiring
structure suitable for use in the switch device are em-
ployed in a network system, for feeding a work by a suc-
tion pad mounted to either an arm of a robot or an ac-
tuator or the like under control of a sequencer, for ex-
ample.

Claims
1. A switch device comprising:

a main body (12) provided with a sensor (15)
for producing an electrical signal in response to
air pressure inputted thereto;

a setting section (14, 16) detachably mounted
on said main body (12), said setting section (14,
16) including therein control means and display
means (28), said control means externally out-
putting a detection signal comprised of an on-
state signal and an off-state signal depending
on the electrical signal outputted by said sensor
(15), said display means (28) displaying there-
on detection signal determining conditions hav-
ing been set in advance;

characterized in that said setting section compris-
es a control unit (14) for receiving the electrical sig-
nal and externally outputting the detection signal,
and a control module (16) therein for setting pres-
sure values at which said on-and off-states are out-
put by said control means, and that said control
module (16) having said display means (28) therein
is detachably mounted on said control unit (14).

2. The switch device according to Claim 1, wherein
said control unit (14) and said control module (16)
are electrically connected through a rubber connec-
tor (56).

3. The switch device according to claim 1, wherein
said control unit (16) is formed in either a rectangle
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shape or a rectangular parallelepiped shape and
has a wall at one corner thereof for defining a space
formed in either a rectangle shape or a rectangular
parallelepiped shape, and

wherein said control module (16) is formed substan-
tially in either a cube shape or a triangular pole
shape and slidable substantially in either a vertical
direction or a horizontal direction against said wall
to thereby engage with said control unit (14) into
one body.

4. The switch device according to Claim 1, wherein
said control unit (14) is provided with a signal line
(58) for externally outputting said detection signal
and receiving said detection signal determining
conditions from outside, and said line (58) serves
as an electric power supply line at the same time.

5. The switch device according to Claim 4, wherein
said signal line (58) can be directly connected to
said main body (12) without passing through said
control unit (14).

6. The switch device according to Claim 4, wherein
said signal line (58) is replaced with a wireless
transmission line.

7. The switch device according to Claim 6, wherein
said wireless transmission line is a microwave
transmission line.

8. The switch device according to any of Claim 1, 2 or
3, wherein said device (10) comprises connecting
means (67, 69) for connecting a plurality of said de-
vices (10) to one another.

9. The switch device according to any of Claim 1, 2 or
3, wherein said device (10) is combined with a se-
quencer (166) to form a control system.

10. The switch device according to any of Claims 1, 2
or 3, wherein said device (10) is connected to a net-
work system (160).

Patentanspriiche
1. Schalteinrichtung mit:

einem Grundkoérper (12) mit einem Sensor (15)
zur Erzeugung eines elektrischen Signals ent-
sprechend einem ihm aufgegebenen Luft-
druck;

einem Einstellabschnitt (14, 16), der I6sbar an
dem Grundkdrper (12) angebracht ist, wobei
der Einstellabschnitt (14, 16) Steuereinrichtun-
gen und Anzeigeeinrichtungen (28) aufweist,
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wobei die Steuereinrichtungen extern ein De-
tektionssignal ausgeben, das aus einem von
dem durch den Sensor (15) ausgegebenen
elektrischen Signal abhangigen ON-Zustands-
signal und einem OFF-Zustandssignal besteht,
wobei die Anzeigeeinrichtung (28) Detektions-
signalfestlegungsbedingungen anzeigt, die im
voraus festgelegt wurden;

dadurch gekennzeichnet, dass der Einstellab-
schnitt eine Steuereinheit (14) zum Empfang des
elektrischen Signals und zum externen Ausgeben
des Detektionssignals aufweist, und ein Steuermo-
dul (16) zum Einstellen von Druckwerten, an denen
die ON- und OFF-Zustande durch die Steuerein-
richtung ausgegeben werden, und dass das Steu-
ermodul (16), das die Anzeigeeinrichtung (28) auf-
weist, Idsbar an der Steuereinheit (14) angebracht
ist.

Schalteinrichtung nach Anspruch 1, wobei die Steu-
ereinheit (14) und das Steuermodul (16) Uber eine
Gummiverbinder (56) elektrisch gekoppelt sind.

Schalteinrichtung nach Anspruch 1, wobei die Steu-
ereinheit (16) entweder eine rechteckige Form oder
eine rechteckige Parallelepipedform aufweist und
an einer Ecke eine Wand aufweist, um einen ent-
weder rechteckigen oder rechteckig parallelepiped-
férmigen Raum festzulegen, und

wobei das Steuermodul (16) im wesentlichen ent-
weder kubisch oder triangular geformt ist und im
wesentlichen entweder in einer vertikalen oder ei-
ner horizontalen Richtung gegen die Wand gleiten
kann, um dadurch einen Kérper mit der Steuerein-
heit (14) zu bilden.

Schalteinrichtung nach Anspruch 1, wobei die Steu-
ereinheit (14) eine Signalleitung (58) zur externen
Ausgabe des Detektionssignals und zum Empfang
der Detektionsignalfestlegungsbedingung von au-
Ren aufweist, und wobei die Leitung (58) gleichzei-
tig als elektrische Stromzufuhrleitung dient.

Schalteinrichtung nach Anspruch 4, wobei die Si-
gnalleitung (58) direkt an den Grundkérper (12) an-
geschlossen sein kann, ohne die Steuereinheit (14)
zu durchtreten.

Schalteinrichtung nach Anspruch 4, wobei die Si-
gnalleitung (58) durch eine drahtlose Ubertra-
gungsleitung ersetzt ist.

Schalteinrichtung nach Anspruch 6, wobei die
drahtlose Ubertragungsleitung eine Mikrowellen-

Ubertragungsleitung ist.

Schalteinrichtung nach einem der Anspriiche 1, 2

10

20

25

30

35

40

45

50

55

10

10.

oder 3, wobei die Vorrichtung (10) Verbindungsmit-
tel (67, 69) zur Verbindung einer Vielzahl von Vor-
richtungen (10) miteinander aufweist.

Schalteinrichtung nach einem der Anspriiche 1, 2
oder 3, wobei die Einrichtung (10) mit einem Se-
quenzer (166) kombiniert ist, um ein Steuersystem
zu bilden.

Schalteinrichtung nach einem der Anspriiche 1, 2
oder 3, wobei die Einrichtung (10) mit einem Netz-
werksystem (160) verbunden ist.

Revendications

1.

Interrupteur comportant:

une partie principale (12) pourvue d'un détec-
teur (15) produisant un signal électrique en ré-
ponse a une pression d'air s'exergant sur lui;

une section de réglage (14, 16) montée sur la-
dite partie principale (12) de maniére détacha-
ble, ladite section de réglage (14, 16) compre-
nant des moyens de controle et des moyens de
visualisation (28), lesdits moyens de contréle
transmettant vers I'extérieur un signal de détec-
tion comprenant un signal d'état « allumé » et
un signal d'état « éteint » en fonction du signal
électrique transmis par ledit détecteur (15), les
moyens de visualisation (28) visualisant le si-
gnal de détection, les conditions déterminantes
étant préréglées;

caractérisé en ce que ladite section de réglage
comporte une unité de contrdle (14) destinée a re-
cevoir le signal électrique et a transmettre vers I'ex-
térieur le signal de détection, et un module de con-
trole (16) destiné au réglage des valeurs de pres-
sion auxquelles lesdits moyens de contrdle trans-
mettent lesdits états « éteint » et « allumé », et en
ce que ledit module de contréle (16), pourvu desdits
moyens de visualisation (28), est monté sur ladite
unité de contréle (14) de maniére détachable.

Interrupteur selon la revendication 1, dans lequel
ladite unité de contréle (14) et ledit module de con-
tréle (16) sont connectés électriquement par un
connecteur souple (56).

Interrupteur selon la revendication 1, dans lequel
ladite unité de contréle (16) a une forme soit rec-
tangulaire soit parallélépipédique rectangle etaune
paroi dans un angle de celle-ci définissant un espa-
ce ayant une forme soit rectangulaire soit parallé-
Iépipédique rectangle, et

dans lequel ledit module de contréle (16) a une for-
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me générale soit cubique soit triangulaire et peut
glisser horizontalement ou verticalement contre la-
dite paroi de maniére a s'encastrer dans ladite unité
de contrdle (14) pour ne former avec elle qu'une
seule piéece.

Interrupteur selon la revendication 1 dans lequel la-
dite unité de controle (14) est pourvue d'un cable
de signal (58) pour la transmission vers l'extérieur
dudit signal de détection et pour la réception de I'ex-
térieur des conditions déterminant ledit signal de
détection, ledit cable (58) servant également com-
me ligne d'alimentation électrique.

Interrupteur selon la revendication 4, dans lequel le
cable de signal (58) peut étre connecté directement
a ladite partie principale (12) sans passer au travers
de ladite unité de contrdle (14).

Interrupteur selon la revendication 4, dans lequel
ledit cable de signal (58) est remplacé par une ligne
de transmission sans fil.

Interrupteur selon la revendication 6, dans lequel
ladite ligne de transmission sans fil est une ligne de
transmission a micro-onde.

Interrupteur selon I'une des revendications 1, 2 ou
3, dans lequel ledit interrupteur (10) comporte des
moyens de connexion (67, 69) permettant de con-
necter plusieurs desdits interrupteurs (10) les uns
aux autres.

Interrupteur selon I'une des revendications 1, 2 ou
3, dans lequel ledit interrupteur (10) est combiné a
un séquenceur (166) pour former un systéme de
contréle.

Interrupteur selon I'une des revendications 1, 2 ou
3, dans lequel ledit interrupteur (10) est connecté a
un systéme en réseau (160).
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FIG18
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