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PROXIMITY SWITCH

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Japa-
nese application serial no. 2016-011003, filed on Jan. 22,
2016. The entirety of the above-mentioned patent applica-
tion is hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a proximity switch
having an oscillation switch and used for detecting whether
a detected object exists in a specific range, the oscillation
switch oscillates to generate a high frequency, and due to the
proximity of the detected object containing metal, the ampli-
tude of the high frequency is attenuated or an oscillation
frequency is increased.

[0004] 2. Description of Related Art

[0005] In order to improve the operation rate of a manu-
facture line, it is required to know the change of the
manufacture line in advance, and maintain before a fault or
halt.

[0006] Usually, there are following examples: an induc-
tion type proximity switch as the proximity switch detects
the excessive proximity of the detected object containing
metal and outputs, so as to prevent the detected object from
colliding against the induction type proximity switch.
[0007] For example, the proximity switch having an oscil-
lation circuit oscillating at a fixed frequency disclosed in
patent document 1. According to the oscillation circuit, the
values of a resistor and a condenser are properly set, such
that the oscillation frequency can be changed according to
the distance to the detected object. In addition, the existence
of the object is judged by using such oscillation circuit, or
an excessive proximity state of the object can be detected by
using an excessive proximity detecting part according to the
change of the oscillation frequency.

EXISTING TECHNICAL DOCUMENT

Patent Document

[0008] Patent document 1: Japanese Patent laid-open No.
6-29817 Gazette (disclosed on Feb. 4, 1994)

SUMMARY OF THE INVENTION

Problem to be Solved by the Present Invention

[0009] However, in the traditional proximity switches,
according to the material of the detected object, the range of
the required excessive proximity is different, and stable
detection on the excessive proximity cannot be realized.
[0010] Therefore, in the proximity switch disclosed in
patent document 1, in order to cancel the influence caused by
the difference, i.e., the metal type, of the detected object,
there is provided the following solution, i.e., the change rate
of the oscillation frequency is same relative to the detected
object, as a target, of all metal varieties.

[0011] However, in the proximity switch disclosed in the
traditional patent document 1, under the condition that one
oscillation frequency is set in a manner that the change rate
of the oscillation becomes the same relative to multiple
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metals, the following problem exists, i.e., the sensitivity
cannot be optimized when the detected object as the target
is detected.

[0012] In addition, in the proximity switch, if the distance
to the detected object in the detection distance is not in a
stable detection range, then there is no stability in detection.
Therefore, whether the distance to the detected object in the
detected distance is in the stable detection range, on the
other hand, whether the distance to the detected object in the
detected distance is detected in an instable detection range is
also important. Besides, in the detection that whether the
distance to the detected object in the detected distance is
detected in an instable detection range, if the metal type is
different, then it is indicated that distances of the boundaries
of' the stable detection range and the instable detection range
are also different.

[0013] Therefore, in the proximity switch, there is a prob-
lem that the high sensitivity cannot be kept under the
conditions that whether the excessive proximity of the
detected object exists, whether the detected object exists in
the instable detection range, or whether the detected object
containing multiple metals is detected in the specific range.
[0014] The present invention is accomplished considering
the conventional problem, and aims to provide a proximity
switch, and for the detected object, as a target, containing
metal metals, whether the detected object is in the specific
range can be detected in a detection range of high detection
sensitivity.

Means to Solve the Problem

[0015] Inorder to solve the problem, the proximity switch
of the present invention detects whether the detected object
is in the specific range by the proximity of the detected
object containing metal, and the proximity switch is char-
acterized by comprising: a detection part, for detecting a
physical quantity which is changed according to the distance
to the detected object; a comparison part, for comparing the
detected physical quantity and a threshold set for the physi-
cal quantity corresponding to a boundary of the specific
range, and outputting a detection signal of the specific range
when the detected object exists in the specific range; and a
threshold setting part, for selecting the threshold corre-
sponding to the designated metal type according to the
designation on the metal type from the outside. In addition,
the outside refers to the outside of the proximity switch. For
example, the following conditions are included: i.e., a com-
munication part is used in the proximity switch to designate
the metal type through communication. In addition, in the
present invention, the comparison part and the threshold
setting part are unnecessarily disposed on the body of the
proximity switch and can be arranged in an external device.

[0016] According to the invention, the proximity switch
detects whether the detected object is in the specific range by
the proximity of the detected object containing metal.

[0017] In such proximity switch, when whether the
detected object is in the specific range is detected, under the
condition that the detected object, as a target, containing
multiple metals, corresponding to the metal type, the output
physical quantities are different. Accordingly, convention-
ally, for many metals, the excessive proximity is judged with
the same physical quantity, and therefore the detection range
with high sensitivity cannot be selected specific to such
metal type.
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[0018] On the contrary, in the present invention, a thresh-
old setting part capable of selecting the threshold corre-
sponding to the metal type is arranged. In addition, regard-
ing the threshold corresponding to the metal type, the
threshold corresponding to the metal type can be selected as
long as the metal type can be designated from the outside.

[0019] Therefore, under the condition of detecting
whether the detected object is in the specific range, the
physical quantity is detected by using the detection part.
Further, the comparison part compares the detected physical
quantity with the threshold set for the physical quantity
corresponding to a boundary of the specific range, and when
the detected object exists in the specific range, a detection
signal of the specific range is output. In addition, the
threshold is a threshold corresponding to the metal type
provided by the threshold setting part.

[0020] As a result, in the present invention, since the
threshold corresponding to each metal type is used, the
threshold may not be the same physical quantity relative to
multiple metals. Therefore, specific to multiple metals, the
threshold can be set in the detection range with high sensi-
tivity in each metal to detect the excessive proximity, etc.

[0021] Therefore, there is provided a proximity switch,
which can detect whether the detected object is within the
specific range in the detection range with high sensitivity for
the detected object, as a target, containing multiple metals.

[0022] Besides, the proximity switch of the present inven-
tion is a proximity switch mentioned above, and comprises
an oscillation circuit which oscillates to generate a high
frequency, due to the proximity of the detected object
containing metal, the amplitude of the high frequency serv-
ing as the physical quantity is attenuated or the oscillation
frequency serving as the physical quantity is increased or
reduced, and the detection part detects the amplitude of the
high frequency generated by the oscillation of the oscillation
circuit or the oscillation frequency.

[0023] Accordingly, the proximity switch has an oscilla-
tion circuit, which oscillates to generate the high frequency,
due to the proximity of the detected object containing the
metal, and the amplitude of the high frequency is attenuated
or the oscillation frequency is increased or reduced, such
that whether the detected object exists in the specific range
is detected.

[0024] Therefore, under the condition of detecting
whether the detected object exists in the specific range, the
amplitude of the high frequency generated by the oscillation
of the oscillation circuit or the oscillation frequency is
detected by using the detection part. Further, the comparison
part compares the detected amplitude or oscillation fre-
quency of the high frequency with the threshold set for the
amplitude or oscillation frequency corresponding to a
boundary of the specific range, and the detection signal of
the specific range is output when the detected object is in the
specific range. Herein, the threshold is a threshold corre-
sponding to the metal type provided by the threshold setting
part.

[0025] As a result, in the present invention, since the
threshold corresponding to each metal type is used, the
threshold may not be the same amplitude or oscillation
frequency relative to multiple metals. Therefore, specific to
multiple metals, the threshold can be set in the detection
range with high sensitivity in each metal to detect the
excessive proximity.
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[0026] Therefore, there is provided a proximity switch,
which can detect whether the detected object is within the
specific range in the detection range with high sensitivity for
the detected object, as a target, containing multiple metals.
[0027] Besides, the proximity switch of the present inven-
tion is a proximity switch mentioned above, and comprises
one or more detection coils, due to the proximity of the
detected object containing metal, the voltage serving as the
physical quantity is increased, and the detection part detects
a voltage generated in the detection coil.

[0028] Therefore, the proximity switch has one or more
detection coils of which the voltage is increased due to the
proximity of the detected object containing metal, and
whether the detected switch is within the specific range is
detected.

[0029] Therefore, under the condition of detecting
whether the detected object exists in the specific range, the
voltage output from the detection coils is detected by using
the detection part. Further, the comparison part compares the
detected voltage with the threshold set for the voltage
corresponding to a boundary of the specific range, and the
detection signal of the specific range is output when the
detected object is in the specific range. Herein, the threshold
is a threshold corresponding to the metal type provided by
the threshold setting part.

[0030] As a result, in the present invention, since the
threshold corresponding to each metal type is used, the
threshold may not be the same voltage relative to multiple
metals. Therefore, specific to multiple metals, the threshold
can be set in the detection range with high sensitivity in each
metal to detect the excessive proximity.

[0031] Therefore, there is provided a proximity switch,
which can detect whether the detected object is within the
specific range in the detection range with high sensitivity for
the detected object, as a target, containing multiple metals.
[0032] Besides, the proximity switch of the present inven-
tion is a proximity switch mentioned above, wherein the
specific range is a range that the distance to the detected
object reaches the excessive proximity, the comparison part
compares the detected amplitude or oscillation frequency of
the high frequency with the threshold set for the amplitude
or oscillation frequency corresponding to a boundary of
excessive proximity, i.e., the threshold for excessive prox-
imity, when the detected amplitude is under the threshold for
excessive proximity, or when the oscillation frequency
detected under the condition that the oscillation frequency is
increased along with the proximity of the detected object is
over the threshold for excessive proximity, or when the
oscillation frequency detected under the condition that the
oscillation frequency is reduced along with the proximity of
the detected object is under the threshold for excessive
proximity, an excessive proximity detection signal serving
as a detection signal of the specific range is output. In
addition, the excessive proximity refers to that the detected
object approaches to a predetermined distance, and therefore
the output of the excessive proximity state of the proximity
switch in excessive proximity is changed from a switching
off state to a switching on state.

[0033] Therefore, the proximity switch detects whether
the distance to the detected object reaches the range of
excessive proximity.

[0034] At this point, the detection part is used to detect the
amplitude of the high frequency generated by the oscillation
of'the oscillation circuit or the oscillation frequency. Further,
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the comparison part compares the detected amplitude or
oscillation frequency of the high frequency with the thresh-
old set for the amplitude or oscillation frequency corre-
sponding to a boundary of excessive proximity, i.e., the
threshold for excessive proximity, when the detected ampli-
tude is under the threshold for excessive proximity, or when
the oscillation frequency detected under the condition that
the oscillation frequency is increased along with the prox-
imity of the detected object is over the threshold for exces-
sive proximity, or when the oscillation frequency detected
under the condition that the oscillation frequency is reduced
along with the proximity of the detected object is under the
threshold for excessive proximity, the excessive proximity
detection signal as a detection signal of the specific range is
output. Herein, the threshold is a threshold for excessive
proximity corresponding to the metal type provided by the
threshold setting part.

[0035] As a result, in the present invention, since the
threshold for excessive proximity corresponding to each
metal type is used, the threshold for excessive proximity
may not be the same amplitude or oscillation frequency
relative to multiple metals. Therefore, specific to multiple
metals, the threshold for excessive proximity can be set in
the detection range with high sensitivity in each metal to
detect the excessive proximity.

[0036] Therefore, there is provided a proximity switch,
which can detect the excessive proximity in the detection
range with high sensitivity for the detected object, as a
target, containing multiple metals under the condition that
the physical quantity is high frequency amplitude or oscil-
lation frequency.

[0037] Besides, the proximity switch of the present inven-
tion is a proximity switch mentioned above, wherein the
specific range is a range that the distance to the detected
object becomes an instable detection range in a detected
distance, the comparison part compares the detected ampli-
tude or oscillation frequency of the high frequency with the
threshold set for the corresponding amplitude or oscillation
frequency as a boundary of the instable detection range in
the detected distance, i.e., the threshold for instability detec-
tion, when the detected amplitude is over the threshold for
instability detection, or when the oscillation frequency
detected under the condition that the oscillation frequency is
increased along with the proximity of the detected object is
under the threshold for instability detection, or when the
oscillation frequency detected under the condition that the
oscillation frequency is reduced along with the proximity of
the detected object is over the threshold for instability
detection, a signal of being within an instable range serving
as the detection signal of the specific range is output.
[0038] At this point, the detection part is used to detect the
amplitude or oscillation frequency of the high frequency
generated by the oscillation of the oscillation circuit. Fur-
ther, the comparison part compares the detected amplitude
or oscillation frequency of the high frequency with the
threshold set for the amplitude or oscillation frequency
corresponding to a boundary of the instable detection range
in the detected distance, i.e., the threshold for instability
detection, when the detected amplitude is over the threshold
for instability detection, or when the oscillation frequency
detected under the condition that the oscillation frequency is
increased along with the proximity of the detected object is
under the threshold for instability detection, or when the
oscillation frequency detected under the condition that the
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oscillation frequency is reduced along with the proximity of
the detected object is over the threshold for instability
detection, a signal of being within the instable detection
range serving as a detection signal of the specific range is
output. Herein, the threshold is a threshold for instability
detection corresponding to the metal type provided by the
threshold setting part.

[0039] As a result, in the present invention, since the
threshold for instability detection corresponding to each
metal type is used, the threshold for instability detection may
not be the same amplitude or oscillation frequency relative
to multiple metals. Therefore, specific to multiple metals, the
threshold for instability detection can be set in the detection
range with high sensitivity in each metal to detect the
instable detection range.

[0040] Therefore, there is provided a proximity switch,
which can detect the instable detection range in the detection
range with high sensitivity for the detected object, as a
target, containing multiple metals under the condition that
the physical quantity is high frequency amplitude or oscil-
lation frequency.

[0041] Besides, the proximity switch of the present inven-
tion is a proximity switch mentioned above, wherein the
specific range is a range that the distance to the detected
object reaches the excessive proximity, the comparison part
compares the detected voltage with the threshold set for the
voltage corresponding to a boundary of the excessive prox-
imity, i.e., the threshold for excessive proximity, when the
detected amplitude is over the threshold for excessive prox-
imity, the excessive proximity detection signal serving as a
detection signal of the specific range is output.

[0042] Therefore, the proximity switch detects whether
the distance to the detected object is in the range up to the
excessive proximity.

[0043] At this point, the detection part is used to detect the
voltage output from the detection coils. Further, the com-
parison part compares the detected voltage with the thresh-
old set for the voltage corresponding to a boundary of the
excessive proximity, i.e., the threshold for excessive prox-
imity, when the detected amplitude is over the threshold for
excessive proximity, the excessive proximity detection sig-
nal serving as a detection signal of the specific range is
output. Herein, the threshold is a threshold for excessive
proximity corresponding to the metal type provided by the
threshold setting part.

[0044] As a result, in the present invention, since the
threshold corresponding to each metal type is used, the
threshold for excessive proximity may not be the same
voltage relative to multiple metals. Therefore, specific to
multiple metals, the threshold for excessive proximity can
be set in the detection range with high sensitivity in each
metal to detect the excessive proximity.

[0045] Therefore, there is provided a proximity switch,
which can detect excessive proximity in the detection range
with high detection sensitivity for the detected object, as a
target, containing multiple metals under the condition that
the physical quantity is voltage.

[0046] Besides, the proximity switch of the present inven-
tion is the proximity switch as mentioned above, wherein the
specific range is a range that the distance to the detected
object becomes an instable detection range in a detection
distance, and the comparison part compares the detected
voltage with the threshold set for the voltage corresponding
to a boundary of the instable detection range in the detected



US 2017/0212265 Al

distance, i.e., the threshold for instability detection, when
the detected voltage is under the threshold for instability
detection, a signal of being within the instable range serving
as a detection signal of the specific range is output.

[0047] At this point, the detection part is used to detect the
voltage output from the detection coils. Further, the com-
parison part compares the detected voltage with the thresh-
old set for the voltage corresponding to a boundary of the
instable detection range in the detected distance, i.e., the
threshold for instability detection, when the detected voltage
is over the threshold for instability detection, a signal in the
instable range as a detection signal of the specific range is
output. Herein, the threshold is a threshold for instability
detection corresponding to the metal type provided by the
threshold setting part.

[0048] As a result, in the present invention, since the
threshold for instability detection corresponding to each
metal type is used, the threshold for instability detection may
not be the same voltage relative to multiple metals. There-
fore, specific to multiple metals, the threshold for instability
detection can be set in the detection range with high sensi-
tivity in each metal to detect the instable detection range.
[0049] Therefore, there is provided a proximity switch,
which can detect the instable detection range in the detection
range with high detection sensitivity for the detected object,
as a target, containing multiple metals under the condition
that the physical quantity is voltage.

[0050] Besides, the proximity switch of the present inven-
tion is the proximity switch as mentioned above, wherein
preferably, the thresholds in the threshold setting part can be
changed corresponding to the metal type and the distance
preset for excessive proximity or the distance preset for the
instable detection range, and according to the designation
for the metal type and the distance preset for excessive
proximity or the distance preset for the instable detection
range from the outside, the corresponding threshold for
excessive proximity or threshold for instability detection is
set.

[0051] Therefore, the threshold for excessive proximity
can be changed corresponding to the metal type and the
distance preset for the excessive proximity when the exces-
sive proximity is judged. Besides, the threshold for insta-
bility detection can be changed corresponding to the metal
type and the distance preset for the instable detection range
when the instable detection range is judged. As a result, the
proximity switch with high convenience can be provided.
[0052] Besides, the proximity switch of the present inven-
tion is the proximity switch mentioned above, which, pref-
erably, comprises a storage part, which stores multiple
combinations of the metal type and the distance preset for
excessive proximity and the distance preset for the instable
detection range, and the threshold for excessive proximity or
the threshold for instability detection corresponding to each
combination, and according to the designation of the com-
bination of the metal type and the distance preset for
excessive proximity or the distance preset for the instable
detection range from the outside, the corresponding thresh-
old for excessive proximity or the threshold for instability
detection is selected.

[0053] Therefore, the threshold for excessive proximity
can be automatically selected by designating the combina-
tion of the metal type and the distance preset for the
excessive proximity from the outside through communica-
tion when the threshold for excessive proximity is changed
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by the multiple combinations corresponding to the metal
type and the distance preset for excessive proximity when
the excessive proximity is judged.

[0054] Besides, the threshold for instability detection can
be automatically selected by designating the combination of
the metal type and the distance preset for the instable
detection range from the outside through communication
when the threshold for instability detection is changed by the
multiple combinations corresponding to the metal type and
the distance preset for the instable detection range when the
instable detection range is judged.

[0055] As a result, a user will not mistakenly set the
threshold for excessive proximity or the threshold for insta-
bility detection with a distance longer than the detection
distance of the object, such that error processing is not
required.

[0056] Besides, the proximity switch of the present inven-
tion is the proximity switch mentioned above, wherein
preferably, the threshold setting part is connected to a
communication part for communication with the outside by
using 1O-Link communication.

[0057] Therefore, the communication part communicates
with the outside by using [0-Link communication. As a
result, light weight of the proximity switch can be realized
since the 10-Link communication can also realize power
supply.

[0058] In addition, the proximity switch of the present
invention is the proximity switch mentioned above, wherein
preferably, the oscillation circuit adopts a soft oscillation
manner that the amplitude of the high frequency during the
excessive proximity of the detected object is kept in a
nonstop state.

[0059] Therefore, the condition that the high frequency
oscillation is in a stop state and cannot be detected in the
position of the distance of excessive proximity is prevented.
[0060] Besides, the proximity switch of the present inven-
tion is the proximity switch mentioned above, which, pref-
erably, is provided with an alarm part for alarming when the
comparison part outputs the detection signal of the specific
range.

[0061] Therefore, by using the alarm part, the excessive
proximity or instable range is alarmed to the outside, such
that the user can easily distinguish that the detected object
excessively approaches to or is in the instable range.

Effects of the Invention

[0062] According to one form of the present invention, the
following effects are achieved: there is provided a proximity
switch, which can detect whether the detected object exists
in a specific range in the detection range with high detection
sensitivity for the detected object, as a target, containing
multiple metals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] FIG. 1 shows an embodiment of a proximity switch
in the present invention, and is a block diagram showing the
constitution of the proximity switch having an oscillation
switch, the oscillation circuit oscillates to generate a high
frequency, and due to the proximity of the detected object
containing metal, the amplitude of the high frequency is
attenuated;

[0064] FIG. 2 is a space diagram showing an action
principle of the proximity switch;
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[0065] FIG. 3 is a chart showing the relation between a
threshold of the oscillation amplitude in multiple metals in
the proximity switch as a target and the distance to the
detected object;

[0066] FIG. 4 is a chart showing a relation between the
oscillation frequency of the high frequency generated by the
oscillation of the oscillation device in the proximity switch
and a Q value;

[0067] FIG. 5 is a chart showing the relation between the
soft oscillation and hard oscillation in the proximity switch;
[0068] FIG. 6 shows a circuit diagram of one example of
the proximity switch with the oscillation circuit having soft
oscillation;

[0069] FIG. 7 shows another embodiment of the proximity
switch in the present invention, and is a block diagram
showing the constitution of the proximity switch having an
oscillation switch, the oscillation circuit oscillates to gener-
ate a high frequency, and due to the proximity of the detected
object containing metal, the oscillation frequency of the high
frequency is increased;

[0070] FIG. 8 is a chart showing the relation between a
threshold of the oscillation amplitude in multiple metals in
the proximity switch as a target and the distance to the
detected object;

[0071] FIG. 9 shows a further embodiment of the prox-
imity switch of the present invention, is a chart showing that
an instable detection range and a stable detection range exist
in the detected distance to the detected object in an induction
type proximity switch adopting the oscillation circuit, the
oscillation switch oscillates to generate a high frequency,
and due to the proximity of the detected object containing
metal, the amplitude of the high frequency is attenuated.

DESCRIPTION OF THE EMBODIMENTS

Embodiment 1

[0072] The embodiment of the present invention is
explained based on FIGS. 1-6.

[0073] The proximity switch of the present invention has
an oscillation circuit, which detects the excessive proximity
of a detected object, the oscillation circuit oscillates to
generate a high frequency, and due to the proximity of the
detected object containing metal, the amplitude of the high
frequency is reduced or the oscillation frequency is
increased.

[0074] Herein, in the embodiment, the proximity switch is
explained with a manner of detecting by the changes of the
impedance of coils, amplitude or an oscillation frequency.
[0075] In this embodiment, an induction type proximity
switch as the proximity switch is especially explained, the
induction type proximity switch has an oscillation circuit,
which detects the excessive proximity of the detected object,
and the oscillation circuit oscillates to generate a high
frequency, and due to the proximity of the detected object
containing metal, the amplitude of the high frequency is
attenuated.

[0076] FIG. 1 explains the constitution of the induction
type proximity switch as the proximity switch of this
embodiment. FIG. 1 shows the induction type proximity
switch 1 in this embodiment, and is a block diagram
showing the constitution of the induction type proximity
switch 1 having an oscillation circuit 11, the oscillation
circuit 11 oscillates to generate a high frequency, and due to
the proximity of the detected object containing metal, the
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amplitude of the high frequency is attenuated. FIG. 2 is a
space diagram showing an action principle of the induction
type proximity switch 1.

[0077] As shown in FIG. 1, the induction type proximity
switch 1 of this embodiment comprises an oscillation circuit
11 containing a detection coil L and a resonance circuit part
11a of a capacitor C, a detection circuit 12 as a detection
part, an operation and comparison part 13 as a comparison
part, a threshold setting part 14, an alarm output part 15 and
a communication part 16.

[0078] Inthe oscillation circuit 11 containing the detection
coil L and the resonance circuit part 11a of the capacitor C,
as shown in FIG. 2, when the detected object containing
metal approaches to a high frequency magnetic field gener-
ated from the oscillation of the detection coil L, an induction
current generated by an electromagnetism induction phe-
nomenon flows in the metal, such that heat loss is generated
in the metal.

[0079] Since the heat loss caused by the induction current
can absorb the energy of the oscillation circuit 11, as a result,
the oscillation circuit 11 cannot keep an oscillation state, and
the oscillation is attenuated or stopped.

[0080] The induction type proximity switch 1, as shown in
FIG. 1, is provided with a detection circuit 12 as a detection
part for detecting the oscillation state, and the detection
circuit 12 detects the amplitude of the high frequency
generated by the oscillation of the oscillation circuit 11.
[0081] Besides, the induction type proximity switch 1 is
provided with an operation and comparison part 13 as a
comparison part, which compares the amplitude of the high
frequency detected by the detection circuit 12 with a thresh-
old set for the distance of excessive proximity as the distance
from the oscillation circuit 11 to the detected object M. In
addition, when detecting that the detected amplitude is under
the threshold, the operation and comparison part 13 outputs
the excessive proximity detection signal S1 as the detection
signal of the specific range to the alarm output part 15.
[0082] When the alarm output part 15 inputs the excessive
proximity probe signal S1, an alarm of excessive proximity
is output to the outside. The alarm can be performed by
using for example sound, but not limited to sound, and can
be performed by using light, or both sound and light.
[0083] In addition, in the induction type proximity switch
1 of this embodiment, the distance of excessive proximity as
the distance from the oscillation circuit 11 to the detected
object M corresponds to the metal type and is selectively set
at the threshold setting part 14.

[0084] That is, in this embodiment, for example, the
detected object M containing metal uses Fe, SUS and Al as
a detected object. The relation between a detected distance
of Fe, SUS and Al and the oscillation amplitude is as shown
in FIG. 3. As shown in FIG. 3, corresponding to the metal
type, due to the proximity of the detected object M contain-
ing metal, the amplitude of the high frequency is attenuated.
At this point, since the magnet senses to generate magnetic
flux, compared with the detected object M being a non-
magnet, the interlinking quantity facing the magnetic flux of
the detected object M is increased, and the inductance of the
detected coil L changes. As a result, according to the
resistivity and magnetic permeability of the detected object
M, the eddy current loss caused by the detected object M is
changed.

[0085] Therefore, as shown in FIG. 3, corresponding to
the metal type, due to the proximity of the detected object M
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containing metal and the difference of the pattern of an
attenuation curve of the amplitude attenuation of the high
frequency, corresponding to the metal type, the threshold set
for the distance of excessive proximity as the distance to the
detected object M is different.

[0086] For example, when the detected object M is Fe,
when the excessive proximity is detected in a distance L1,
a threshold t1 must be set. In addition, when the detected
object M is SUS, when the excessive proximity is detected
in a distance L1, a threshold t2 must be set. Further, when
the detected object M is Al, when the excessive proximity is
detected in a distance L1, a threshold t3 must be set.
[0087] Hence, in this embodiment, since the threshold for
detection of excessive proximity is different according to the
metal type, as a judgment criterion of excessive proximity,
the threshold must be set corresponding to the metal type. In
this embodiment, a user setting such threshold is required to
have special knowledge, therefore, errors are easily gener-
ated.

[0088] Therefore, in this embodiment, as shown in FIG. 1,
a storage part 14q is arranged in the threshold setting part 14,
in the storage part 14a, the threshold for the detection of
excessive proximity with the distance L1 can be selectively
stored as the threshold t1 when the detected object M is Fe,
as t2 when the detected object M is SUS and as t3 when the
when the detected object M is Al.

[0089] Besides, in this embodiment, the threshold setting
part 14 is connected to a communication part 16, capable of
communicating with the outside.

[0090] As a result, by designating any one of Fe, SUS or
Al as the metal type from the outside, any one of the values
t1, t2, and t3 corresponding to the metal type stored in the
storage part 14a of the threshold setting part 14 can be
selected.

[0091] Herein, in this embodiment, the communication
part 16 communicates with the outside by 10-Link commu-
nication.

[0092] Such IO-Link communication is a relatively new
sensing interface. A small sensor or actuator can be con-
nected by using a cable, and information of the connected
sensor can be summarized to a PLC (Programmable Logic
Controller) through an I0-Link master. Besides, since the
same cable can be used to supply power, wiring saving can
be realized. As a result, in this embodiment, the induction
type proximity switch 1 does not increase an /O number
with the IO-Link master, and the light weight and simplifi-
cation of the induction type proximity switch 1 are realized.
[0093] At this point, as shown in FIG. 3, for example,
when the detected object M is Al, the threshold t3 must be
set when the excessive proximity is detected with the
distance L1, but in each embodiment, the distance of exces-
sive proximity can be changed in each inherent metal. For
example, when the detected object M is Al, a threshold t4 is
set when the excessive proximity is detected with the
distance [.2. The distance of the excessive proximity in each
inherent metal can change the threshold according to the
designation on the metal type and the distance from the
outside.

[0094] Further, in this embodiment, the corresponding
threshold is preset according to the designation on the metal
type and the distance from the outside, and these preset
thresholds are stored in the storage part 14a. Therefore, as
long as the user designates the combination of the metal type
and the distance from the outside through communication,
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the threshold corresponding to the combination of the metal
type and the distance can be selected from the thresholds
stored in the storage part 14a through the communication
part 16. Therefore, for example, the user cannot set the
threshold of excessive proximity with a distance longer than
the threshold of the distance for the detected object M by
mistake, therefore, an effect without error processing is
realized. That is, the following complex processing is nec-
essary for such error processing, i.e., whether the threshold
of'the detected distance of the object is larger than that of the
excessive proximity is judged, and alarm is sent under the
opposite condition.

[0095] Herein, a frequency design method of the induction
type proximity switch 1 is explained based on FIG. 4. FIG.
4 is a chart showing a relation between the oscillation
frequency of the high frequency generated by the oscillation
of the oscillation circuit 11 in the proximity switch 1 and a
Q value.

[0096] The relation between the oscillation frequency of
the high frequency generated by the oscillation of the
oscillation circuit 11 of the induction type proximity switch
1 and the Q value in this embodiment is as shown by the
curve in FIG. 4. Herein, the induction type proximity switch
1 of this embodiment has the oscillation circuit 11, which
oscillates to generate a high frequency magnetic field. Due
to the proximity of the detected object M containing metal,
the amplitude of the high frequency magnetic field is attenu-
ated. Therefore, if the size of the high frequency magnetic
field generated by oscillation is the size of the Q value, then
a low level is realized due to the proximity of the detected
object M, and thus high sensitivity detection cannot be
realized. Therefore, in terms of the oscillation frequency
generated by the oscillation of the oscillation circuit 11, if
the Q value is as high as possible, then the detection
sensitivity becomes better. Therefore, in this embodiment,
the frequency with raised Q value is selected. In addition, the
structural design of the oscillation circuit 11 is performed
according to the oscillation frequency of the selected Q
value, so as to control the influence of the temperature
characteristic or peripheral metal within a standard. There-
fore, under the unqualified condition, the frequency of the
coil L is reconsidered to be detected.

[0097] About this point, in the traditional proximity switch
of'the patent document 1, when multiple metals are detected,
under the condition of judging with one threshold in order to
detect the excessive proximity, the oscillation frequency
with a low Q value is limited, but there is no such condition
in this embodiment.

[0098] Next, the oscillation circuit 11 of the induction type
proximity switch 1 in this embodiment adopts a soft oscil-
lation manner that the high frequency oscillation is kept in
a nonstop state when the excessive proximity of the detected
object M is detected. The soft oscillation manner is
explained based on FIG. 5, which is a chart showing the
relation between the soft oscillation and hard oscillation in
the induction type proximity switch.

[0099] As shown in FIG. 5, till the distance to the detected
object M reaches a regulated distance, the amplitude of the
high frequency oscillation is sometimes in a rapidly reduced
curve Wa, and this phenomenon is called as “hard oscilla-
tion”. Under the condition of the high frequency oscillation
represented by the curve Wa, the oscillation stops immedi-
ately, therefore, excessive proximity cannot be detected
sometimes. Relatively, in FIG. 5, under the condition of the
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high frequency oscillation represented by a curve Wb, it is
represented that the oscillation action that the amplitude is
purely reduced along with the reduction of the distance to
the detected object M is called as “soft oscillation”. In this
embodiment, since the induction type proximity switch 1
aims to detect the distance to the detected object M, the “soft
oscillation” is used. In other words, the oscillation circuit 11
adopts a soft oscillation manner that the high frequency
oscillation is kept in a nonstop state during the excessive
oscillation of the detected object M. Therefore, the excessive
proximity of the detected object M is detected.

[0100] Herein, a circuit of the induction type proximity
switch 1 of soft oscillation is explained based on FIG. 6.
FIG. 6 shows a circuit diagram of one example of the
induction type proximity switch with the oscillation circuit
25 having soft oscillation.

[0101] As shown in FIG. 6, the induction type proximity
switch 20 is an amplifier-separated proximity switch of
which the sensor head 21 and the amplifier part 22 are
separated. The sensor head 21 contains a resonance circuit
24 between a detection coil L and a capacitor C, and the
amplifier part 22 contains an oscillation circuit 25. The
sensor head 21 and the amplifier part 22 are connected by a
coaxial cable 23 containing two connecting wires 26 and 27.
In addition, the connecting wire 27 forms a ground line.
[0102] The oscillation circuit 25 adjusts by the value of the
resistor Ra applying a resonance current to the emitter of the
transistor TR1 and the value of the resistor R1 connected to
the emitter of the transistor TR1, thereby realizing an
oscillation action of “soft oscillation”, and a resonance
voltage which is in simulation change and in direct propor-
tion with the distance between the detected object M and the
sensor head 21 is obtained.

[0103] In this way, the induction type proximity switch 1
of this embodiment detects whether the detected object M
exists in a specific range by the proximity of the detected
object M containing metal, and is provided with a detection
part, for detecting a physical quantity which is changed
according to the distance to the detected object M; a com-
parison part, for comparing the detected physical quantity
and a threshold set for the corresponding physical quantity
as a boundary of the specific range, and outputting a
detection signal of the specific range when the detected
object M exists in the specific range; and a threshold setting
part, for selecting the threshold corresponding to the desig-
nated metal type according to the designation on the metal
type from the outside. In addition, the outside refers to the
outside of the proximity switch.

[0104] According to the constitution, the induction type
proximity switch 1 detects whether the detected object M is
in the specific range by the proximity of the detected object
M containing metal.

[0105] In such induction type proximity switch 1, when
whether the detected object is in the specific range is
detected, under the condition that the detected object M, as
a target, containing multiple metals, corresponding to the
metal type, the output physical quantities are different.
Therefore, usually, for many metals, the excessive proximity
is judged with the same physical quantity, therefore, the
detection range with high sensitivity cannon not be selected
specific to such metal type.

[0106] Relatively, in the present invention, the threshold
setting part capable of selecting the threshold corresponding
to the metal type is arranged. In addition, regarding the
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threshold corresponding to the metal type, the threshold
corresponding to the metal type can be selected as long as
the metal type can be designated from the outside.

[0107] Therefore, under the condition of detecting
whether the detected object is in the specific range, the
physical quantity is detected by using the detection part.
Further, the comparison part compares the detected physical
quantity with the threshold set for the corresponding physi-
cal quantity as a boundary of the specific range, and when
the detected object M exists in the specific range, the
detection signal of the specific range is output. Herein, the
threshold is a threshold provided from the threshold setting
part and a threshold for excessive proximity corresponding
to the metal type.

[0108] As a result, in the present invention, since the
threshold corresponding to each metal type is used, the
threshold may not be the same physical quantity relative to
multiple metals. Therefore, specific to multiple metals, the
threshold can be set in the detection range with high sensi-
tivity in each metal to detect the excessive proximity, etc.
[0109] Therefore, there is provided an induction type
proximity switch 1, which can detect whether the detected
object M is in the specific range in the detection range with
high sensitivity for the detected object M, as a target,
containing multiple metals.

[0110] Besides, the induction type proximity switch 1 as
the proximity switch of the present invention has oscillation
circuits 11 and 25, which detect whether the detected object
M exists in the specific range, the oscillation circuits 11 and
25 oscillate to generate a high frequency, due to the prox-
imity of the detected object M containing metal, the ampli-
tude of the high frequency as the physical quantity is
attenuated. The proximity switch is provided with a detec-
tion circuit 12 as the detection part, which detects the
amplitude of the high frequency generated by the oscillation
circuits 11 and 25; an operation and comparison part 13 as
a comparison part, for comparing the detected amplitude of
the high frequency with the thresholds t1, t2 and t3 set for
the corresponding amplitude or oscillation frequency as a
boundary of the specific range, and outputting a detection
signal of the specific range when the detected object M
exists in the specific range; and a threshold setting part for
selecting the thresholds t1, t2 and t3 corresponding to the
designated metal type according to the designation on the
metal type from the outside.

[0111] According to the constitution, the induction type
proximity switch 1 has the oscillation circuits 11 and 25,
which detect whether the detected object M exists in the
specific range, the oscillation circuits 11 and 25 oscillate to
generate a high frequency, due to the proximity of the
detected object M containing metal, the amplitude of the
high frequency as the physical quantity is attenuated.
[0112] Besides, in this embodiment, the threshold setting
part 14 capable of selecting the thresholds t1, t2 and t3
corresponding to the metal type is arranged. In addition,
regarding the thresholds t1, t2 and t3 corresponding to the
metal type, the thresholds t1, t2 and t3 corresponding to the
metal type can be selected as long as the metal type can be
designated from the outside.

[0113] Therefore, under the condition of detecting whether
the detected object M exists in the specific range, the
amplitude of the high frequency generated by the oscillation
of the oscillation circuits 11 and 25 is detected by the
detection circuit 12. Further, the operation and comparison
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part 13 compares the detected amplitude of the high fre-
quency with the thresholds t1, t2 and t3 set for expressing
that the distance to the detected object M exists in the
boundary of the specific range, and the detection signal of
the specific range is output when the detected amplitude is
in the specific range. Herein, the threshold is thresholds t1,
12 and t3 provided from the threshold setting part 14 and
corresponding to the metal type.

[0114] As a result, in this embodiment, since the thresh-
olds t1, 12 and t3 corresponding to each metal type are used,
the thresholds t1, 12 and t3 may not be the same amplitude
relative to multiple metals. Therefore, specific to multiple
metals, the thresholds t1, t2 and t3 can be set in the detection
range with high sensitivity in each metal to detect the
excessive proximity.

[0115] Therefore, there is provided an induction type
proximity switch 1, which can detect whether the detected
object M is in the specific range in the detection range with
high sensitivity for the detected object M, as a target,
containing multiple metals.

[0116] In addition, under the condition of the difference
caused by different materials of the detected object, if an
operating part for setting the thresholds t1, t2 and t3 are
arranged in the induction type proximity switch 1, then the
structure of the induction type proximity switch 1 is com-
plicated, and it is hard to keep the waterproofness or oil
resistance due to the complicating.

[0117] Relatively, in this embodiment, when the thresh-
olds t1, t2 and t3 in the threshold setting part 14 and
corresponding to the metal type are selected, the metal type
can be designated from the outside through communication.

[0118] As a result, there is no need to arrange a threshold
input part in the threshold setting part 14 of the induction
type proximity switch 1, therefore, the structure of the
induction type proximity switch 1 is simplified, and the
waterproofness or oil resistance is improved.

[0119] In addition, in the induction type proximity switch
1 of this embodiment, the specific range is the range that the
distance to the detected object M reaches the range of
excessive proximity, and the operation and comparison part
13 compares the detected amplitude of the high frequency
with the thresholds t1, t2 and t3 for excessive proximity set
for expressing that the distance to the detected object M
exists in the boundary of the specific range, and the detection
signal S1 for excessive proximity as the detection signal of
the specific range is output when the detected amplitude is
under the thresholds t1, t2 and t3 for excessive proximity.

[0120] Therefore, the induction type proximity switch 1
detects whether the distance to the detected object M reaches
the range of excessive proximity.

[0121] At this point, the detection circuit 12 detects the
amplitude of the high frequency generated by the oscillation
of the oscillation circuits 11 and 25. Further, the operation
and comparison part 13 compares the detected amplitude of
the high frequency with the thresholds t1, t2 and t3 set for
the corresponding amplitude as a boundary of the excessive
proximity, i.e., the thresholds t1, 12 and t3 for excessive
proximity, and the detection signal S1 of excessive proxim-
ity is output when the detected amplitude is under the
threshold for excessive proximity. Herein, the threshold is
the thresholds t1, t2 and t3 for excessive proximity provided
from the threshold setting part 14 and corresponding to the
metal type.
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[0122] As a result, in this embodiment, since the thresh-
olds t1, t2 and t3 for excessive proximity corresponding to
each metal type are used, the thresholds t1, t2 and t3 for
excessive proximity may not be the same amplitude or
oscillation frequency relative to multiple metals. Therefore,
specific to multiple metals, the thresholds t1, t2 and t3 for
excessive proximity can be set in the detection range with
high sensitivity in each metal to respectively detect the
excessive proximity.

[0123] Therefore, there is provided an induction type
proximity switch 1, which can detect excessive proximity in
the detection range with high detection sensitivity for the
detected object M, as a target, containing multiple metals.

[0124] Besides, in the induction type proximity switch 1,
the thresholds t1, 12, t3 and t4 in the threshold setting part 14
can be changed by the distances .1 and 1.2 corresponding to
the metal type and preset as excessive proximity, and
according to the distances [.1 and L2 from the outside,
corresponding to the metal type and preset as excessive
proximity, the corresponding thresholds t1, t2, t3 and t4 for
excessive proximity or instability detection are set.

[0125] Therefore, the thresholds t1, t2, t3 and t4 for
excessive proximity can be changed by the distances [.1 and
L2 corresponding to the metal type and preset as the
excessive proximity when the excessive proximity is judged.
As a result, the induction type proximity switch 1 with high
convenience can be provided.

[0126] Besides, the induction type proximity switch 1 of
the present invention has a storage part 14a, which stores
multiple combinations of the distances .1 and [.2 corre-
sponding to the metal type and preset as excessive proxim-
ity, and the thresholds t1, 12, t3 and t4 corresponding to each
combination and for excessive proximity, and according to
the designation of the combination of the distances [.1 and
L2 from the outside, corresponding to the metal type and
preset as excessive proximity, any one of the corresponding
thresholds t1, t2, t3 and t4 for excessive proximity is
selected.

[0127] Therefore, any one of the thresholds t1, 12, t3 and
t4 can be automatically selected by designating combination
of the metal type and the distances .1 and L2 from the
outside through communication when the thresholds t1, t2,
t3 and t4 for excessive proximity are changed by the
multiple combinations of the distances .1 and [.2 corre-
sponding to the metal type and preset as excessive proximity
when the excessive proximity is judged.

[0128] As a result, a user cannot set the threshold for
excessive proximity with a distance longer than the distance
detected by the object by mistake, such that error processing
is not required.

[0129] Besides, in the induction type proximity switch 1
of the present invention, the threshold setting part 14 is
connected to a communication part 16 for communication
with the outside by using 10-Link communication.

[0130] Therefore, the communication part 16 communi-
cates with the outside by using I0-Link communication. As
a result, the light weight of the induction type proximity
switch 1 can be realized and the IO-Link communication can
also realize power supply.

[0131] In addition, in the induction type proximity switch
1 of the present invention, the oscillation circuits 11 and 20
adopt a soft oscillation manner that the amplitude of the high
frequency during the excessive proximity of the detected
object M is kept in the nonstop state.



US 2017/0212265 Al

[0132] Therefore, the condition that the high frequency
oscillation in a stop state cannot be detected in the position
of the distance of excessive proximity is prevented.

[0133] Besides, the induction type proximity switch 1 of
the present invention is provided with an alarm output part
15, alarming when the operation and comparison part 13
outputs the detection signal S1 of excessive proximity.
[0134] Therefore, by using the alarm output part 15, the
excessive proximity is alarmed to the outside, such that the
user can easily distinguish the condition that the detected
object M is in excessive proximity.

Embodiment 2

[0135] Another embodiment of the present invention is
explained based on FIGS. 7-8. In addition, the constitution
except for that explained in embodiment 2 is same as that in
embodiment 1. Besides, for facilitating explanation, the
components with the functions same as those of the com-
ponents shown by the drawings of embodiment 1 are marked
with the same numbers and the description is omitted.
[0136] In the induction type proximity switch 1 of the
embodiment 1, the induction type proximity switch as the
proximity switch is described, the induction type proximity
switch has an oscillation circuit 11, which detects the
excessive proximity of the detected object M, and the
oscillation circuit 11 oscillates to generate a high frequency,
and due to the proximity of the detected object M containing
metal, the amplitude of the high frequency is attenuated.
[0137] Relatively, the induction type proximity switch 2 of
this embodiment differs in having an oscillation circuit 30,
which detects the excessive proximity of the detected object
M, and the oscillation circuit 30 oscillates to generate a high
frequency, and due to the proximity of the detected object M
containing metal, the oscillation frequency of the high
frequency is increased.

[0138] The constitution of the induction type proximity
switch 2 as the proximity switch of the embodiment 2 is
described based on FIG. 7. FIG. 7 shows another embodi-
ment of the proximity switch 2 in the present invention, and
is a block diagram showing the constitution of the induction
type proximity switch 2 having an oscillation switch 30, the
oscillation circuit 30 oscillates to generate a high frequency,
and due to the proximity of the detected object M containing
metal, the oscillation frequency of the high frequency is
increased. In addition, in FIG. 7, the threshold setting part 14
of the induction type proximity switch 1 existing in embodi-
ment 1 is omitted.

[0139] As shown in FIG. 7, the induction type proximity
switch 2 of this embodiment can adopt the oscillation circuit
as mentioned below, the oscillation circuit 30 oscillates in a
fixed frequency, by properly arranging the values of capaci-
tors C1 and C2 of the resistor R1, the oscillation frequency
is changed corresponding to the distance to the detected
object M. That is, the following phenomenon is a detection
principle, i.e., the closer the distance to the detected object
M is, the larger the oscillation frequency is.

[0140] The induction type proximity switch 2 of this
embodiment uses the oscillation circuit 30 to judge whether
the detected object M approaches or not, and detects the
state of the excessive proximity of the detected object M
according to the change of the oscillation frequency.
[0141] Specifically speaking, as shown in FIG. 7, the
induction type proximity switch 2 of this embodiment
comprises an oscillation circuit 30 having a comparator 31.
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In the oscillation circuit 30, the output side of the compara-
tor 31 is connected to a serial circuit of the resistor R1 and
the capacitor C1, and the capacitor C1 is connected to an
oscillation coil L. and the capacitor C2 in parallel.

[0142] In the induction type proximity switch 2 of this
embodiment, regarding the increasing of the oscillation
frequency begun from the non-proximity state of the
detected object M, the existence of the detected object M is
detected by a counting circuit 41, an operation circuit 43 and
a latch circuit 45, and when the detected object M exists,
information is output by an output circuit 47. On another
aspect, regarding the increasing of the oscillation frequency
begun from the non-proximity state of the detected object M,
the excessive proximity of the detected object M is detected
by a counting circuit 41, an operation circuit 43 and a latch
circuit 46, and when the excessive proximity is detected, an
alarm signal is output to the outside through an alarm output
circuit 49.

[0143] Specifically speaking, the output of the oscillation
circuit 30 is given to the counting circuit 41. The counting
circuit 41 counts the input pulse during the period till the
reset signal from the reset signal generating circuit 42, and
the counting output is given to operation circuits 43 and 44.
The operation circuit 43 judges whether the detected object
M approaches above the regulated distance based on the
ratio of the normal oscillation frequency to that during
proximity of the detected object M. The operation circuit 43
for example, contains a digital comparator, and when the
pulse of the regulated distance for example 5 is counted, a
detection signal is output to the latch circuit 45.

[0144] On the other aspect, the operation circuit 44 detects
whether the excessive proximity of the detected object 44 is
over the threshold based on the ratio of the normal oscilla-
tion frequency to that during excessive proximity of the
detected object M. The operation circuit 44 also comprises
a digital comparator, which outputs when a pulse number for
example more than 8 is counted. The output of the operation
circuit 44 is given to the latch circuit 46. For latch circuits
45 and 46, a timing signal is given from a timing signal
generation circuit 48, the signal is kept at every such
moment, and the latch circuit 45 outputs to the outside from
the output circuit 47 in a form of object detection signal.
[0145] Besides, the output of the latch circuit 46 is output
to the outside from the alarm output circuit 49 in a form of
a detection signal S1 of excessive proximity. The alarm
output circuit 49 is an alarming part alarming excessive
proximity to the outside, the detection signal S1 of the
excessive proximity can be output by a cable, or the user can
be informed with the excessive proximity by a display
circuit of the induction type proximity switch 2. Herein, the
counting circuit 41, the reset signal generating circuit 42, the
operation circuit 44 and the latch circuit 46 constitute an
excessive proximity detection part for detecting excessive
proximity of the object according to the generated frequency
change.

[0146] Herein, in the induction type proximity switch 2 of
this embodiment, the threshold set for expressing the dis-
tance from the distance between the oscillation circuit 30 to
the detected object M to the distance of excessive proximity
is selectively arranged in the threshold setting part 14 by
corresponding to the metal type.

[0147] That is, in this embodiment, the detected object M
containing metal may be for example, a detected object of
Fe, SUS and Al, and a relation between the detected distance
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of Fe, SUS and Al and the oscillation amplitude is as shown
in FIG. 8. As shown in FIG. 8, corresponding to the metal
type, the oscillation frequency is increased due to the
proximity of the detected object M containing metal. Spe-
cifically speaking, if a magnet metal approaches, the oscil-
lation frequency is increased due to the increase of the
resistor R1, and if a non magnet metal approaches, the
oscillation frequency is increased due to the increase of the
detection coil L.

[0148] Therefore, as shown in FIG. 8, corresponding to
the metal type, the pattern of the curve of the increased
oscillation frequency due to the proximity of the detected
object M containing metal is different. Therefore, corre-
sponding to the metal type, the threshold from the distance
to the detected object M to the distance up to excessive
proximity is different.

[0149] For example, when the detected object M is Fe,
when the excessive proximity is detected in a distance L1,
a threshold t11 must be set. In addition, when the detected
object M is SUS, when the excessive proximity is detected
in a distance L1, a threshold t12 must be set. Further, when
the detected object M is Al, when the excessive proximity is
detected in a distance L1, a threshold t13 must be set.
[0150] In this way, in this embodiment, the threshold for
detection of excessive proximity is different according to
metal type, therefore, the threshold must be set correspond-
ing to the metal type. In this embodiment, a user setting such
threshold is required to have special knowledge, therefore, it
is not preferable.

[0151] Therefore, in this embodiment, as shown in FIG. 7,
a storage part 14q is arranged in the threshold setting part 14,
in the storage part 14a, the threshold for the detection of
excessive proximity with the distance L1 can be selectively
stored as the threshold t11 when the detected object M is Fe,
as t12 when the detected object M is SUS and as t13 when
the detected object M is Al.

[0152] Besides, in this embodiment, the threshold setting
part 14 is connected to a communication part 16, capable of
communicating with the outside.

[0153] Besides, by designating any one of Fe, SUS or Al
as the metal type from the outside, any one of the thresholds
t11, t12 and t13 corresponding to the metal type stored in the
storage part 14a of the threshold setting part 14 can be
selected.

[0154] Herein, as shown in FIG. 8, For example, when the
detected object M is Fe, when the excessive proximity is
detected in a distance L1, a threshold t11 must be set. But in
this embodiment, the distance of excessive proximity can be
changed in each inherent metal. For example, when the
detected object M is Fe, and when the detection for exces-
sive proximity is performed with the distance 1.2, the
threshold t14 is set. The distance of excessive proximity in
each inherent metal can be set to change the threshold
according to the designation on the metal variety and the
distance from the outside.

[0155] In addition, other constitutions except for the
description in FIG. 4 is same as the induction type proximity
switch 1 in embodiment 1, and is thus omitted.

[0156] Thus, the induction type proximity switch 2 of this
embodiment has an oscillation circuit 30, which detects the
excessive proximity of the detected object M, the oscillation
circuit 30 generates a high frequency, due to the proximity
of the detected object M containing metal, such that the
oscillation frequency of the high frequency is increased.
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Besides, the induction type proximity switch 2 has: a count-
ing circuit 41 as a detection part, for detecting the oscillation
frequency of the high frequency generated by the oscillation
circuit 30; an operation circuit 44 and a latch circuit 46 as the
comparison part, for comparing the detected oscillation
frequency of the high frequency with the threshold set for
the distance from the distance to the detected object M to the
distance of excessive proximity, and outputting a detection
signal S1 of the excessive proximity when the detected
oscillation frequency is over the thresholds t11, t12 and t13
for excessive proximity; and a threshold setting part 14,
capable of selecting the threshold corresponding to the metal
type according to the designation on the metal type from the
outside.

[0157] According to the constitution, the induction type
proximity switch 2 has an oscillation circuit 30, which
detects the excessive proximity of the detected object M, the
oscillation circuit 30 generates a high frequency, due to the
proximity of the detected object M containing metal, the
oscillation frequency of the high frequency is increased.
[0158] In the induction type proximity switch 2, under the
condition of the detected object M, as a target, containing
multiple metals, corresponding to the metal type, the
increased degree of the oscillation frequency of the high
frequency generated by oscillation is different. Therefore,
usually, for many metals, the excessive proximity is judged
with the same oscillation frequency, therefore, the detection
range with high sensitivity specific to each metal sometimes
cannot be targeted, as a result, the excessive proximity is
judged in the detection range with low sensitivity.

[0159] Relatively, in this embodiment, the threshold set-
ting part 14 capable of selecting the thresholds t11, t12 and
113 corresponding to the metal type is arranged. In addition,
regarding the thresholds t11, t12 and t13 for excessive
proximity corresponding to the metal type, the thresholds
t11, 112 and t13 for excessive proximity corresponding to the
metal type can be selected as long as the metal type can be
designated from the outside.

[0160] Therefore, under the condition of detecting
whether the detected object M is excessive proximity, the
counting circuit 41 is used to detect the oscillation frequency
of the high frequency generated by the oscillation circuit 30.
Further, the operation circuit 44 and the latch circuit 46
compare the detected oscillation frequency of the high
frequency with the thresholds t11, t12 and t13 for excessive
proximity that expressing the distance to the detected object
M to the distance for excessive proximity, and when the
detected oscillation frequency is over the threshold, the
detection signal S1 of excessive proximity is output. Herein,
the thresholds t11, t12 and t13 for excessive proximity are
the thresholds t11, t12 and t13 for excessive proximity and
corresponding to the metal type provided from the threshold
setting part 14.

[0161] As a result, in this embodiment, since the thresh-
olds t11, t12 and t13 corresponding to each metal variety is
used, the excessive proximity can be detected in the detec-
tion range with high detection sensitivity.

[0162] Therefore, there is provided an induction type
proximity switch 2, which can detect the excessive proxim-
ity in the detection range with high detection sensitivity for
the detected object M, as a target, containing multiple
metals.

[0163] In addition, under the condition of the difference
caused by different materials of the detected object M, if an
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operating part for setting the thresholds t11, t12 and t13 are
arranged in the induction type proximity switch 2, then the
structure of the proximity switch is complicated, and it is
hard to keep the waterproofness or oil resistance due to the
complicating.

[0164] Relatively, in this embodiment, when the thresh-
olds t11, t12 and t13 for excessive proximity in the threshold
setting part 14 and corresponding to the metal type are
selected, the metal type can be designated from the outside
through communication.

[0165] As a result, there is no need to arrange a threshold
input part in the threshold setting part 14 of the induction
type proximity switch 2, therefore, the structure of the
induction type proximity switch 2 is simplified, and the
waterproofness or oil resistance is improved.

[0166] In addition, in the description, the induction type
proximity switch 2 has an oscillation circuit 30, the condi-
tion of detecting the excessive proximity of the detected
object M is explained, the oscillation circuit 30 oscillates to
generate a high frequency, and due to the proximity of the
detected object M containing metal, the oscillation fre-
quency of the high frequency is increased.

[0167] Relatively, the applicable range of the present
invention may not be limited to such induction type prox-
imity switch 2. That is, as the induction type proximity
switch, for example, there is also an induction type prox-
imity switch having the following type of oscillation circuit
and detecting the excessive proximity of the detected object
M, the oscillation circuit oscillates to generate a high fre-
quency, and due to the proximity of the detected object M
containing metal, the oscillation frequency of the high
frequency is reduced. In the present invention, in such type
of the induction type proximity switch, the excessive prox-
imity can also be detected with the same thought. But, under
such condition, the difference is that the alarm of excessive
proximity is sent when the detected oscillation frequency is
under the threshold for excessive proximity.

Embodiment 3

[0168] Another embodiment of the present invention is
explained based on FIG. 9. In addition, the constitution
except for that explained in embodiment 3 is same as that in
embodiment 1 and embodiment 2. Besides, for facilitating
explanation, the components with the functions same as
those of the components shown by the drawings of embodi-
ment 1 and embodiment 2 are marked with the same
numbers, and the description is omitted.

[0169] Inthe induction type proximity switch 1 in embodi-
ment 1 and the induction type proximity switch 2 in embodi-
ment 2, the induction type proximity switch as the proximity
switch is explained, and the induction type proximity switch
detects the excessive proximity of the detected object M.
[0170] Relatively, the induction type proximity switch in
embodiment 3 differs in detecting whether the detected
object M is in an instable detection range.

[0171] The induction type proximity switch as the prox-
imity switch of embodiment 3 is explained based on FIG. 9.
FIG. 9 shows a further embodiment of the induction type
proximity switch of the present invention, is a chart showing
that an instable detection range and a stable detection range
exist in the detected distance to the detected object M in an
induction type proximity switch 1 adopting the oscillation
circuit, the oscillation switch oscillates to generate a high
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frequency, and due to the proximity of the detected object M
containing metal, the amplitude of the high frequency is
attenuated.

[0172] In terms of the proximity switch, besides the detec-
tion that whether the detected object M is in excessive
proximity, if the distance to the detected object M is in an
instable detection range in the detection distance, then there
is no reliability in detection. Therefore, whether the distance
to the detected object M in the detected distance is in the
stable detection range, on the other hand, whether the
distance to the detected object M is detected in an instable
detection range is also important.

[0173] Besides, in the detection that whether the distance
whether the distance to the detected object M is in the stable
detection range, if the metal type is different, then it is
indicated that distances of the boundaries of the stable
detection range and the instable detection range are also
different.

[0174] For example, as shown in FIG. 9, under the con-
dition of Fe, the boundary of the stable detection range and
the instable detection range, i.e., the distance L0 to the
detected object M becomes the oscillation amplitude shown
by a threshold t21 for instability detection. Besides, under
the condition of SUS, the boundary of the stable detection
range and the instable detection range, i.e., the distance L0
to the detected object M becomes the oscillation amplitude
shown by a threshold 122 for instability detection. Further,
under the condition of Al, the boundary of the stable
detection range and the instable detection range, i.e., the
distance L0 to the detected object M becomes the oscillation
amplitude shown by a threshold 123 for instability detection.
Therefore, under the condition that the detected object M
contains multiple meals, in the conventional technology, the
problem is that the high detection sensitivity cannot be kept.

[0175] Relatively, in the induction type proximity switch
of the present invention, the operation and comparison part
13 as the comparison part compares the detected amplitude
or oscillation frequency of the high frequency with the
thresholds set for the corresponding amplitude or oscillation
frequency as a boundary of the instability detection in the
detected distance, i.e., the thresholds t21, t22 and t23 for
instability detection, and outputs a signal S2 in the instable
detection range as the detection signal of the specific range
when the detected amplitude is over the threshold for
instability detection.

[0176] Therefore, the proximity switch detects whether
distance to the detected object in the detected distance is in
the range of the instable detection range.

[0177] As this point, the detection circuit 12 as the detec-
tion part detects the amplitude of the high frequency gen-
erated by the oscillation of the oscillation circuit 11. Further,
the operation and comparison part 13 compares the detected
amplitude or oscillation frequency of the high frequency
with the thresholds set for the corresponding amplitude or
oscillation frequency as a boundary of the instability detec-
tion range in the detected distance, i.e., the thresholds t21,
122 and 123 for instability detection, and outputs a signal S2
in the instable detection range as the detection signal of the
specific range when the detected amplitude is over the
threshold for instability detection. Herein, the threshold is
the thresholds t21, t22 and t23 for instability detection,
corresponding to the metal type and provided from the
threshold setting part 14.
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[0178] As a result, in this embodiment, since the thresh-
olds 121, 122 and 123 for instability detection corresponding
to each metal type are used, therefore the thresholds 121, 122
and t23 for instability detection may not be the same
amplitude or oscillation frequency relative to the multiple
metals. Therefore, specific to multiple metals, the thresholds
121, 122 and 123 for instability detection can be respectively
set in the detection range with high detection sensitivity in
each metal to detect the instable detection range.

[0179] Therefore, there is provided a proximity switch,
which can detect the instable detection range in the detection
range with high detection sensitivity for the detected object
M, as a target, containing multiple metals.

[0180] Besides, in the induction type proximity switch of
this embodiment, the thresholds t21, t22 and t23 for insta-
bility detection in the threshold setting part 14 can be
changed corresponding to the metal type and the distance
preset as the instable detection range, and according to the
designation from the outside, corresponding to the metal
type and preset as the instable detection range, the corre-
sponding thresholds for instability detection are set.

[0181] Therefore, the thresholds t21, 122 and 23 for insta-
bility detection can be changed by the distance correspond-
ing to the metal type and preset as the instable detection
range when the instable detection range is judged. As a
result, the induction type proximity switch 1 with high
convenience is provided.

[0182] Besides, the induction type proximity switch of this
embodiment has a storage part 14a, which stores multiple
combinations of the distance corresponding to the metal type
and preset as the instable detection range, and the threshold
corresponding to each combination and used for instability
detection, and according to the designation of the combina-
tion of the distance from the outside, corresponding to the
metal type and preset as the instable detection range, the
corresponding thresholds t21, 122 and 123 for instability
detection are selected.

[0183] Therefore, the thresholds t21, 122 and t23 for
instability detection can be automatically selected by des-
ignating the combination of the metal type and the distance
preset as the instable detection range from the outside
through communication when the thresholds 121, t22 and 123
for instability detection are changed by the combination of
the distance corresponding to the metal type and preset as
the instable detection range when the instable detection
range is judged.

[0184] As a result, a user cannot set the threshold for
instability detection with a distance longer than the distance
detected by the object by mistake, such that error processing
is not required.

[0185] Besides, the induction type proximity switch of the
present embodiment is provided with an alarm output part
15, which outputs an alarm when the operation and com-
parison part 13 outputs a signal S2 in the instable range.
[0186] Therefore, by using the alarm output part 15, the
signal S2 in the instable range is alarmed to the outside, such
that the user can easily distinguish the condition that the
detected object M is in the instable range.

[0187] In addition, in this embodiment, the alarm part for
example comprises a lamp lighting part, which lights a
yellow lamp when the detected object M is in the instable
range. On the other hand, a blue lamp is lighted when the M
is in the stable range. Therefore, the user is informed by
using the lamp with color.
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[0188] In addition, in the description, the induction type
proximity switch in this embodiment is described by the
induction type proximity switch 1 suitable for above
description. However, the induction type proximity switch
in this embodiment is not necessarily limited to the induc-
tion type proximity switch 1 in embodiment 1, and can be
suitable for the induction type proximity switch 2 in embodi-
ment 2, the induction type proximity switch 1 has an
oscillation circuit 11 of which the amplitude is attenuated
due to the proximity of the detected object containing metal,
and the induction type proximity switch 2 has an oscillation
circuit 30 of which the oscillation frequency is increased due
to the proximity of the detected object containing metal.
[0189] Besides, it is noted that when it is suitable for the
induction type proximity switch 2 which has an oscillation
circuit 30 of which the oscillation frequency is increased due
to the proximity of the detected object containing metal, the
operation circuit 44 as the comparison part compares the
detected oscillation frequency of the high frequency with the
thresholds t21, t22 and t23 for instability detection, when the
detected amplitude is below the thresholds for instability
detection, the signal S2 in the instable range must be output,
the thresholds t21, t22 and t23 for instability detection are
thresholds set for the following conditions, i.e., the distance
to the detected object M set for the corresponding oscillation
frequency as a boundary of the instable detection range in
the detected distance to the detected amplitude is the dis-
tance in the instable detection range in the detected distance.
[0190] Besides, the present invention is also suitable for
the induction type proximity switch explained at the later
paragraphs of embodiment 2. The induction type proximity
switch has an oscillation circuit of which the oscillation
frequency is reduced due to the proximity of the detected
object containing metal.

[0191] In this case, specifically speaking, the detected
oscillation frequency of the high frequency is compared with
the threshold for instability detection, when the detected
amplitude is over the threshold for instability detection, the
signal S2 in the instable range is output and alarm is sent, the
threshold for instability detection is the threshold set for the
following condition, i.e., the distance to the detected object
M set for the corresponding oscillation frequency as a
boundary of the instable detection range in the detected
distance is the distance in the instable detection range in the
detected distance.

Embodiment 4

[0192] Another embodiment of the present invention is
explained as follows. In addition, the constitution except for
the description in embodiment 3 is same that in embodi-
ments 1-3. Besides, for facilitating explanation, the compo-
nents with the functions same as those of the components
shown by the drawings of embodiments 1-3 are marked with
the same numbers, and the description is omitted.

[0193] Inthe induction type proximity switch 1 in embodi-
ment 1 and the induction type proximity switch 2 in embodi-
ment 2, the proximity switch adopting the following oscil-
lation circuit is explained, the oscillation circuit oscillates to
generate a high frequency of which the physical quantity is
changed corresponding to the distance to the detected object
M and the amplitude is attenuated or oscillation frequency is
increased or reduced.

[0194] However, for example, the proximity switch as
mentioned below is known, which has one or more detection
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coils having a physical quantity changed according to the
distance to the detected object M and increased voltage, and
by detecting the voltage generated in the detection coils, the
excessive proximity or instable detection range is detected.
[0195] In the present invention, such type of proximity
switch having one or more detection coils and detecting the
voltage generated in the detection coils can be preferably
suitable for a pulse exciting type or differential coil type
proximity switch which detects an induction voltage caused
by eddy current flux.

[0196] Herein, the pulse exciting type proximity sensor is
the proximity sensor as mentioned below, i.e., a pulse-
shaped exciting current periodically flows by the detection
coils, and the voltage generated by induction in the detection
coils after blockage of the exciting current is used as a
detection signal, for example, the case disclosed in the
Japanese Patent laid open 2009-59528 gazette.

[0197] Besides, the differential coil type proximity sensor
is the proximity sensor as mentioned below, the detection
coils oscillate and the voltage difference generated by induc-
tion in a pair of detection coils is used as a detection signal,
for example, the case disclosed in the Japanese Patent laid
open 7-29466 gazette.

[0198] Specifically speaking, in the proximity switch of
this embodiment, the specific range is the range that the
distance to the detected object M reaches the excessive
proximity, the comparison part compares the detected volt-
age with the threshold set for the corresponding voltage as
a boundary of the specific range, i.e., the thresholds for
excessive proximity, and the detection signal S1 for exces-
sive proximity as the detection signal of the specific range is
output when the detected amplitude is over the thresholds
for excessive proximity.

[0199] Therefore, the proximity switch detects whether
the distance to the detected object M is in range of excessive
proximity.

[0200] At this point, the detection part detects the voltage
output from the detection coil L. Further, the comparison
part compares the detected voltage with the threshold set for
the corresponding voltage as a boundary of the specific
range, i.e., the thresholds for excessive proximity, and
outputs the detection signal S1 for excessive proximity as
the detection signal of the specific range. Herein, the thresh-
old is the threshold for excessive proximity, corresponding
to the metal type and provided from the threshold setting
part.

[0201] As aresult, in this embodiment, since the threshold
for excessive proximity and corresponding to each metal
type is used, the threshold for excessive proximity may not
be the same voltage relative to multiple metals. Therefore,
specific to multiple metals, the threshold for excessive
proximity can be set in the detection range with high
sensitivity in each metal to detect the excessive proximity.
[0202] Therefore, there is provided a proximity switch,
which can detect excessive proximity in the detection range
with high detection sensitivity for the detected object M, as
a target, containing multiple metals under the condition that
the physical quantity is voltage.

[0203] Besides, in the proximity switch of this embodi-
ment, the specific range is the range that the distance to the
detected object M is in the instable detection range in the
detected distance, and the comparison part compares the
detected voltage with the threshold set for the corresponding
voltage as a boundary of the instable detection range in the
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detected distance, i.e., the threshold vales for instability
detection, and outputs the signal in the instable range as the
detection signal of the specific range when the detected
voltage is under the threshold for instability detection.
[0204] At this point, the detection part detects the voltage
output from the detection coil L. Further, the comparison
part compares the detected voltage with the threshold set for
the corresponding voltage as a boundary of the instable
detection range in the detected distance, i.e., the threshold
for instability detection, and outputs the signal in the instable
range as the detection signal of the specific range when the
detected voltage is over the threshold for instability detec-
tion. Herein, the threshold is the threshold for instability
detection, corresponding to the metal type and provided
from the threshold setting part.

[0205] As aresult, in this embodiment, since the threshold
for instability detection and corresponding to each metal
type is used, the threshold for instability detection may be
not the same voltage relative to the multiple metals. There-
fore, specific to multiple metals, the threshold for instability
detection can be set in the detection range with high detec-
tion sensitivity in each metal to detect the instable detection
range.

[0206] Therefore, there is provided a proximity switch,
which can detect the instable detection range in the detection
range with high detection sensitivity for the detected object,
as a target, containing multiple metals under the condition
that the physical quantity is voltage.

What is claimed is:

1. A proximity switch, for detecting whether a detected
object exists in a specific range through proximity of the
detected object containing metal, the proximity switch com-
prising:

a detection part, detecting a physical quantity which is

changed according to a distance to the detected object;

a comparison part, comparing the detected physical quan-

tity with a threshold set for the physical quantity
corresponding to a boundary of the specific range, and
outputting a detection signal of the specific range when
the detected object exists in the specific range; and

a threshold setting part, selecting a threshold correspond-

ing to a metal type designated according to a designa-
tion on the metal type from the outside.

2. The proximity switch according to claim 1, comprising:

an oscillation circuit, oscillating to generate a high fre-

quency, wherein an amplitude of the high frequency
serving as the physical quantity is attenuated or a
oscillation frequency serving as the physical quantity is
increased or reduced due to the proximity of the
detected object containing metal, and wherein

the detection part detects the amplitude or the oscillation

frequency of the high frequency generated by the
oscillation circuit.

3. The proximity switch according to claim 1, comprising:

one or more detection coils, wherein a voltage serving as

the physical quantity is increased due to the proximity
of the detected object containing metal, and

the detection part detects the voltage generated in the

detection coil.

4. The proximity switch according to claim 2, wherein

the specific range is a range that the distance to the

detected object reaches an excessive proximity,

the comparison part compares the detected amplitude or

oscillation frequency of the high frequency with a
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threshold for excessive proximity which is the thresh-
old set for the amplitude or the oscillation frequency
corresponding to a boundary of excessive proximity,
when the detected amplitude is under the threshold for
excessive proximity, or when the oscillation frequency
detected under the condition that the oscillation fre-
quency is increased along with the proximity of the
detected object is over the threshold for excessive
proximity, or when the oscillation frequency detected
under the condition that the oscillation frequency is
reduced along with the proximity of the detected object
is under the threshold for excessive proximity, an
excessive proximity detection signal serving as the
detection signal of the specific range is output.

5. The proximity switch according to claim 2, wherein

the specific range is a range that the distance to the
detected object becomes an instable detection range in
a detection distance,

the comparison part compares the detected amplitude or
oscillation frequency of the high frequency with a
threshold for instability detection which is the threshold
set for the amplitude or oscillation frequency corre-
sponding to a boundary of the instable detection range
in the detection distance, when the detected amplitude
is over the threshold for instability detection, or when
the oscillation frequency detected under the condition
that the oscillation frequency is increased along with
the proximity of the detected object is under the thresh-
old for instability detection, or when the oscillation
frequency detected under the condition that the oscil-
lation frequency is reduced along with the proximity of
the detected object is over the threshold for instability
detection, a signal of being within an instable range
serving as the detection signal of the specific range is
output.

6. The proximity switch according to claim 3, wherein

the specific range is a range that the distance to the
detected object reaches an excessive proximity,

the comparison part compares the detected voltage with a
threshold for excessive proximity which is the thresh-
old set for the voltage corresponding to a boundary of
the excessive proximity, when the detected amplitude is
over the threshold for excessive proximity, an exces-
sive proximity detection signal serving as the detection
signal of the specific range is output.

14
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7. The proximity switch according to claim 3, wherein

the specific range is a range that the distance to the
detected object becomes an instable detection range in
a detection distance, and

the comparison part compares the detected voltage with a
threshold for instability detection which is the threshold
set for the voltage corresponding to a boundary of the
instable detection range in the detection distance, when
the detected voltage is under the threshold for instabil-
ity detection, a signal of being within the instable range
serving as the detection signal of the specific range is
output.

8. The proximity switch according to claim 1, wherein

the thresholds in the threshold setting part are changed
corresponding to the metal type, and a distance preset
for excessive proximity or a distance preset for an
instable detection range, and

according to a designation for the metal type and the
distance preset for excessive proximity or the distance
preset for the instable detection range from the outside,
a corresponding threshold for excessive proximity or a
corresponding threshold for instability detection is set.

9. The proximity switch according to claim 1, comprising:

a storage part, storing a plurality of combinations of the
metal type and a distance preset for excessive proxim-
ity or a distance preset for an instable detection range,
and a threshold for excessive proximity or a threshold
for instability detection corresponding to each combi-
nation, and

according to a designation of the combination of the metal
type and the distance preset for excessive proximity or
the distance preset for the instable detection range from
the outside, the corresponding threshold for excessive
proximity or threshold for instability detection is
selected.

10. The proximity switch according to claim 1, wherein

the threshold setting part is connected to a communication
part for communication with the outside by using
10-Link communication.

11. The proximity switch according to claim 1, wherein

the oscillation circuit adopts a soft oscillation manner that
the amplitude of the high frequency during the exces-
sive proximity of the detected object is kept in a
nonstop state.

12. The proximity switch according to claim 1, charac-

terized by being provided with:

an alarm part, alarming when the comparison part outputs
the detection signal of the specific range.
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