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(57) ABSTRACT

An abnormality determination device of the disclosure
includes: an acquisition unit (601) acquiring an electrical
resistance value between electrodes in a non-conductive
lubricant used for lubrication of a mechanical device, the
electrodes being spaced apart from each other in the lubri-
cant; an abnormality determining unit (602) determining
whether there is an abnormality in the mechanical device
based on a number of times the resistance value acquired by
the acquisition unit falls below a threshold; and an output
unit (603) outputting a result of the determination by the
abnormality determining unit. The acquiring unit acquires
the electrical resistance between the electrodes that varies
depending on conductive particles collected by magnetic
force in the lubricant.
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ABNORMALITY DETERMINATION DEVICE,
CONDUCTIVE PARTICLE DETECTING
DEVICE, AND ABNORMALITY
DETERMINATION METHOD

TECHNICAL FIELD

[0001] The present disclosure relates to an abnormality
determination device, a conductive particle detecting device,
an abnormality determination method, and a program. This
application is based on and claims the benefit of priority
from Japanese Patent Application Serial No. 2021-157903
(filed on Sep. 28, 2021), the contents of which are hereby
incorporated by reference in their entirety.

BACKGROUND

[0002] Mechanical devices include a built-in mechanical
mechanism such as a speed reducer. In such a mechanical
device, a casing is filled with a lubricant to reduce wear of
the mechanical mechanism. Abrasion and damage may
occur in mechanical parts of the mechanical device used
over time. Metal powder produced from the mechanical
parts due to abrasion and damage may mix into the lubricant.
When a large amount of metal powder mixes into the
lubricant, the function of the lubricant (the ability to inhibit
the abrasion in the mechanism) is decreased. The presence
of'the large amount of metal powder mixed into the lubricant
indicates that the abrasion or damage has occurred in the
mechanism.

[0003] Therefore, for the mechanical devices, it is desir-
able to externally detect that the amount of the metal powder
mixed into the lubricant has exceeded a preset value. To
address this, devices in which the metal powder in the
lubricant are attracted by a permanent magnet and thereby
electrically detecting the amount of the attracted metal
powder have been known (see, for example, Patent Litera-
ture 1).

RELEVANT REFERENCE

List of Relevant Patent Literature

[0004] Patent Literature 1: Japanese Patent Application
Publication No. 2005-331324

SUMMARY

[0005] However, from the perspective of a user of the
mechanical device, it was sometimes impossible to use the
mechanical device in a planned manner because a failure of
the mechanical device is suddenly informed without any
prior warning. This is inconvenient for the user of the
mechanical device.

[0006] The present disclosure provides an abnormality
determination device, a conductive particle detecting device,
an abnormality determination method, and a program that
can improve the convenience of users who use mechanical
devices.

[0007] (1) An abnormality determination device according
to one aspect of the disclosure includes: an acquisition unit
acquiring an electrical resistance value between electrodes
in lubricant used for lubrication of a mechanical device, the
electrodes being spaced apart from each other in the lubri-
cant; an abnormality determining unit determining whether
there is an abnormality in the mechanical device based on a
number of times the resistance value acquired by the acqui-
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sition unit falls below a threshold; and an output unit
outputting a result of the determination by the abnormality
determining unit. The acquiring unit acquires the electrical
resistance between the electrodes that varies depending on
conductive particles collected by magnetic force in the
lubricant.

[0008] (2) In the above abnormality determination device,
the acquisition unit may acquire electrical resistance values
between two or more pairs of electrodes in different com-
binations. The abnormality determining unit may determine
the abnormality based on the number of times the electrical
resistance values have fallen below the threshold.

[0009] (3) In the above abnormality determination device,
The abnormality determining unit may determine the abnor-
mality based on a sum of the number of times each of the
electrical resistance values has fallen below the threshold.

[0010] (4) In the above abnormality determination device,
the abnormality determining unit may determine the abnor-
mality including a failure state indicating a failure of the
mechanical device and a warning state before the failure
state. The output unit may output information indicating
either the failure state or the warning state.

[0011] (5) In the above abnormality determination device,
the threshold may be a value that can be changed depending
on a size of the mechanical device.

[0012] (6) In the above abnormality determination device,
the threshold may be a value that can be changed depending
on at least one of viscosity or insulation properties of the
lubricant.

[0013] (7) In the above abnormality determination device,
the number of times may be a value that can be changed
depending on a size of the mechanical device.

[0014] (8) Anabnormality determination device according
to another aspect of the disclosure includes: an acquisition
unit acquiring an electrical resistance value between elec-
trodes in a non-conductive lubricant used for lubrication of
a mechanical device, the electrodes being spaced apart from
each other in the lubricant; an abnormality determining unit
determining whether there is an abnormality in the mechani-
cal device based on a number of times the resistance value
acquired by the acquisition unit falls below a threshold; and
an output unit outputting a result of the determination by the
abnormality determining unit, wherein the acquiring unit
acquires the electrical resistance between the electrodes that
varies depending on conductive particles collected by mag-
netic force in the lubricant, the acquisition unit further
acquires electrical resistance values between two or more
pairs of electrodes in different combinations, and the abnor-
mality determining unit determines the abnormality includ-
ing the failure state indicating a failure of the mechanical
device and the warning state before the failure state based on
a sum of the number of times each of the electrical resistance
values has fallen below the threshold, and wherein the
output unit outputs information indicating either the failure
state or the warning state.

[0015] (9) A conductive particle detecting device accord-
ing to yet another aspect of the disclosure includes: elec-
trodes in a non-conductive lubricant used for lubrication of
a mechanical device, the electrodes being spaced apart from
each other in the lubricant; an acquiring unit acquiring an
electrical resistance between the electrodes that varies
depending on conductive particles collected by magnetic
force in the lubricant; an abnormality determining unit
determining whether there is an abnormality in the mechani-
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cal device based on a number of times the resistance value
acquired by the acquisition unit falls below a threshold; and
an output unit outputting a result of the determination by the
abnormality determining unit,

[0016] (10) An abnormality determination method per-
formed by a computer used for an abnormality determina-
tion device to function as: acquiring an electrical resistance
value between electrodes in a non-conductive lubricant used
for lubrication of a mechanical device, the electrodes being
spaced apart from each other in the lubricant; determining
whether there is an abnormality in the mechanical device
based on a number of times the resistance value acquired by
the acquisition unit falls below a threshold; and outputting a
result of the determination made in the determining. The
acquiring includes acquiring the electrical resistance
between the electrodes that varies depending on conductive
particles collected by magnetic force in the lubricant.
[0017] (11) A program causing a computer used for an
abnormality determination device to function as: an acqui-
sition unit acquiring an electrical resistance value between
electrodes in a non-conductive lubricant used for lubrication
of a mechanical device, the electrodes being spaced apart
from each other in the lubricant; an abnormality determining
unit determining whether there is an abnormality in the
mechanical device based on a number of times the resistance
value acquired by the acquisition unit falls below a thresh-
old; and an output unit outputting a result of the determi-
nation by the abnormality determining unit. The acquiring
unit acquires the electrical resistance between the electrodes
that varies depending on conductive particles collected by
magnetic force in the lubricant.

ADVANTAGEOUS EFFECTS

[0018] With the above described abnormality determina-
tion device, conductive particle detecting device, abnormal-
ity determination method, and program, it is possible to
improve the user’s convenience in using mechanical
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 illustrates an example of a speed reducer 10
relating to an embodiment of the present disclosure.
[0020] FIG. 2 is a perspective view of an example of a
conductive particle detecting device 100.

[0021] FIG. 3 is a partial sectional perspective view of the
conductive particle detecting device 100 of FIG. 2 cut along
the line X-X.

[0022] FIG. 4 illustrates a detecting circuit through a
section of the conductive particle detecting device 100 of
FIG. 2 along the XI-XI line.

[0023] FIG. 5A is a graph showing an example of resis-
tance values detected by a resistance detecting unit 210.
[0024] FIG. 5B is another graph showing an example of
resistance values detected by the resistance detecting unit
210.

[0025] FIG. 6 is a functional block diagram showing an
example of functional configuration of a control device 140.
[0026] FIG. 7 is a flowchart showing an example of a
setting process performed by the control device 140 for a
threshold value and reference count.

[0027] FIG. 8 is a flowchart showing an abnormality
determination process performed by the control device 140.
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DESCRIPTION OF THE EMBODIMENTS

Embodiment

[0028] The following describes embodiments of the pres-
ent disclosure with reference to the drawings.

Example of Speed Reducer Relating to
Embodiment

[0029] FIG. 1 illustrates an example of the speed reducer
10 relating to the embodiment. The speed reducer 10 shown
in FIG. 1 is an example of a mechanical device. The speed
reducer 10 is used in, for example, the joints of industrial
robots used in the production lines of plants.

[0030] The speed reducer 10 includes a speed reduction
mechanism 11 and a casing 12. The speed reduction mecha-
nism 11 reduces the speed of the rotation at a predetermined
reduction ratio. The casing 12 houses the speed reduction
mechanism 11 thereinside. An oil bath 22 is provided inside
the casing 12. The oil bath 22 is filled with lubricant 13 to
lubricate the speed reduction mechanism 11 and other
machine contact parts. A non-conductive lubricant is used as
the lubricant 13.

[0031] A conductive particle detecting device 100 is pro-
vided on a wall 12a of the casing 12. The conductive particle
detecting device 100 is disposed at a site where the lubri-
cating fluid 13 is highly flowable. The conductive particle
detecting device 100 detects conductive particles such as
metal powder mixing into the lubricant 13.

Configuration of Conductive Particle Detecting
Device

[0032] FIG. 2 is a perspective view of an example of the
conductive particle detecting device 100. FIG. 3 is a partial
sectional perspective view showing the conductive particle
detecting device 100 of FIG. 2 cut along the line X-X. As
shown in FIGS. 2 and 3, the conductive particle detecting
device 100 includes an attachment unit 110, a support
member 120 (see FIG. 3), four electrodes 130, and the
control device 140 (see FIG. 3).

[0033] The attachment unit 110 includes a threaded por-
tion 111 and a flange 112. The threaded portion 111 is
installed in a thread hole that penetrates the wall 12a. The
flange 112 is a flange nut for tightening the threaded portion
111 to the wall 12a. The flange 112 is formed integrally with
the threaded portion 111 at the end of the threaded portion
111.

[0034] The support member 120 is formed of a resin
material. The threaded portion 111 penetrates the support
member 120 in the axial direction. One end of the support
member 120 is fixed to the inner side of a device body 121
in the longitudinal direction. The other end of the support
member 120 in the longitudinal direction protrudes out-
wardly from the threaded portion 111.

[0035] The four electrodes 130 each have a permanent
magnet 131 and a projection member 132. The permanent
magnet 131 is a conductive magnet. The permanent magnet
131 has the properties of a magnet without receiving an
external magnetic field or current supply. The permanent
magnet 131 attracts and fixes a relay piece 135 made of a
metal magnetic material by magnetic force.

[0036] The projection member 132 protrudes outward
from a detection unit cover 122. The projection member 132
is attached to the permanent magnet 131. The projection
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member 132 is formed of a conductive non-magnetic mate-
rial such as brass, aluminum, or copper. The projection
member 132 is provided in contact with the permanent
magnet 131. However, the projection member 132 does not
directly attract metal powder.

[0037] The control device 140 is an example of an abnor-
mality determination device. The control device 140 is
disposed inside a device cover 101 (see FIG. 4). The control
device 140 is equipped with a detecting circuit board 141.
The detecting circuit board 141 is connected to a flexible
printed wiring board 142. The flexible printed wiring board
142 includes conductive portions. One end of the flexible
printed wiring board 142 is connected to the detecting circuit
board 141, and the other end is branched in four directions.
Each of the four branched ends is connected to correspond-
ing one of the relay pieces 135 via a terminal (conductive
portion). Specifically, the terminal (conductive portion) of
each end portion is located between the support member 120
and the relay piece 135. The terminals are connected to the
relay pieces 135 by conductive adhesive, soldering, or other
means.

Detecting Circuit for Metal Powder

[0038] FIG. 4 illustrates a detecting circuit through a
section of the conductive particle detecting device 100 of
FIG. 2 along the XI-XI line. A detecting circuit 200 shown
in FIG. 4 is provided on the detecting circuit board 141. The
detecting circuit 200 is a circuit in which a first electrode
1304 and second electrodes 1305 and 130c are connected via
a power supply 201. A higher voltage is applied to the first
electrode 1304 than to the second electrodes 13056 and 130c.
The magnetic polarity of the first electrode 130a is, for
example, north pole. The magnetic polarity of the second
electrodes 1306 and 130c¢ are, for example, south pole.
[0039] The detecting circuit 200 is equipped with a resis-
tance detecting unit 210. The resistance detecting unit 210
detects the electrical resistance (hereinafter referred to as
“resistance”) between the two adjacent electrodes 130 (be-
tween first electrode 130a and second electrode 1305, and
between first electrode 130a and second electrode 130c¢).

Initial Metal Powder and Long-Use Metal Powder

[0040] Initial metal powder produced when the speed
reducer 10 is first used is fine metal powder having a particle
size of less than 10 pm (normally less than 2 um). The Initial
metal powder is generated in the initial phase of the use.
Therefore, in the initial stage of use, the initial metal powder
adheres to a surface of the detection unit cover 122 as a
lower layer. The lubricant 30 remains as a non-conductive
layer around the initial metal powder adhering to the detec-
tion unit cover 122. During the initial phase of the use of the
speed reducer, the resistance detecting unit 210 detects an
infinite resistance since the lubricant 13 is non-conductive.
Since the attracting force of the initial metal powder is
relatively weak, the amount of the initial metal powder
collected between the first electrode 130a and the second
electrode 1305 (or the second electrode 120c¢) is also small.
[0041] On the other hand, metal (wear powder) and metal
powder such as broken pieces (long-use metal powder) are
generated by normal use of the speed reducer 10. The
long-use metal powder particles have a large particle size,
for example, 10 um or more. Therefore, the long-use metal
powder receives a large attractive force from the permanent
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magnets 131. Since the long-use metal powder particles are
subjected to a large attracting force, they push aside the
non-conductive lubricant and come into contact with each
other. When a large amount of the long-use metal powder
mixes into the lubricant 13, the long-use metal powder
particles in the lubricant 13 are attracted by the plurality of
permanent magnets 131 of the conductive particle detecting
device 100. The long-use metal powder particles then adhere
to the gap between the electrodes 130 on the outer surface
of the detection unit cover 122. Since the long-use metal
powder receives a large attracting force from the permanent
magnet 131, it is securely attracted even from the upper side
of the initial metal powder. Therefore, the long-use metal
powder is inevitably deposited as an upper layer on top of
the initial metal powder.

[0042] When the amount of the long-use metal powder
adhering to the outer surface of the detection unit cover 122
increases beyond a certain amount, the resistance value
between the adjacent permanent magnets 131 (resistance
value detected by the resistance detecting unit 210)
decreases below a specified value. In this way, it is possible
for the control device 140 to inform an external user terminal
or the like that the amount of the long-use metal powder in
the speed reducer 10 has increased.

Failure of Speed Reducer

[0043] FIGS. 5A and 5B are graphs showing examples of
resistance values detected by the resistance detecting unit
210. In FIGS. 5A and 5B, the horizontal axis indicates the
operation time (rated conversion time) of the speed reducer
10, and the vertical axis indicates the resistance value
detected by the resistance detecting unit 210. Channel 1
(chl) shows, for example, the resistance between the first
electrode 130a and the second electrode 13056. Channel 2
(ch2) shows, for example, the resistance value between the
first electrode 130a and the second electrode 130c. The
waveforms of each channel shown in FIGS. 5A and 5B have
the same wave pattern.

[0044] For example, as shown in FIG. 5A, assume that the
reducer 10 has failed when the resistance values of both
channel 1 and channel 2 fall below a threshold value at the
same time. In this case, for example, assuming that the
resistance threshold is a first threshold, the resistance values
of both channels 1 and 2 simultaneously fall below the first
threshold at time X. Whereas assuming that the resistance
threshold value is a second threshold value, which is higher
than the first threshold value, the resistance values of both
channels 1 and 2 simultaneously fall below the second
threshold value at the same time X. In other words, changing
the threshold value does not change the time to detect a
failure. Therefore, simply changing the threshold value for
the resistance value is not enough to detect a failure of the
reducer 10 with high accuracy.

[0045] Even when the long-use metal powder adheres to
the conductive particle detecting device 100, the speed
reducer 10 does not immediately fail. Specifically, as shown
in the waveforms of channel 2 of FIGS. 5A and 5B, the
resistance value does not immediately drop to 0€2 when the
long-use metal powder adheres to the device. The resistance
value tends to decrease and increase several times, eventu-
ally converging to several tens of kQ. This means, for
example, that although the long-use metal powder once
adhered to the outer surface of the detection unit cover 122,
the flow of the lubricant 13 peels off the adhered metal
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powder. However, the fact that the conductive particle
detecting device 100 detected the adhesion of the long-use
metal powder means that the long-use metal powder was
found to be present in the oil bath 22.

[0046] Therefore, as shown in FIG. 5B, the embodiment is
configured to measure the number of times the resistance
value falls below the second threshold value and detect an
abnormality in the speed reducer 10 when the number
reaches a prescribed number of times (e.g., three times). This
allows the abnormality to be detected at an early stage (time
Y in the figure: Y<X) even if the threshold value is set higher
(the second threshold value).

Functional Configuration of Controller

[0047] FIG. 6 is a functional block diagram showing an
example of functional configuration of the control device
140. As shown in FIG. 6, the control device 140 includes the
resistance detecting unit 210, an acquisition unit 601, an
abnormality determining unit 602, an output unit 603, and a
storage 610. The resistance detecting unit 210 may be
provided in a different part (such as on another board) from
the control device 140.

[0048] The resistance detecting unit 210, acquisition unit
601, abnormality determining unit 602, and output unit 603
may be realized by a hardware processor such as a CPU
(Central Processing Unit) executing an abnormality deter-
mination program. Some or all of the resistance detecting
unit 210, acquisition unit 601, abnormality determining unit
602, and output unit 603 may be implemented by using
hardware (including circuitry) such as an LSI (large scale
integrated circuit), an ASIC (application specific integrated
circuit), an FPGA (field-programmable gate array), and a
GPU (graphics processing unit) or may be implemented by
the combination of software and hardware.

[0049] The abnormality determination program may be
stored in advance in a storage device such as a hard disk
drive (HDD) or flash memory (storage device with non-
transitory storage medium). Alternatively, the abnormality
determination program may be stored in a removable storage
medium (non-transitory storage medium) such as a DVD or
CD-ROM and installed when the storage medium is attached
to the drive device. The processor executes the abnormality
determination program stored in the storage 610 to imple-
ment the functions of the resistance detecting unit 210, the
acquisition unit 601, the abnormality determining unit 602,
and the output unit 603. The storage 610 includes, for
example, volatile memory such as RAM (Random Access
Memory) and nonvolatile memory (non-transient storage
medium) such as ROM (Read Only Memory), flash memory,
and HDD (Hard Disk Drive).

[0050] The acquisition unit 601 acquires the resistance
value (electrical resistance value) detected by the resistance
detecting unit 210. The resistance detecting unit 210, for
example, detects a resistance value at predetermined time
intervals (e.g., every minute). The acquisition unit 601
acquires the resistance value from the resistance detecting
unit 210 at predetermined time intervals.

[0051] The abnormality determining unit 602 determines
whether there is an abnormality in the speed reducer 10
based on the number of times the resistance value acquired
by the acquisition unit 601 falls below the threshold value.
Specifically, the abnormality determining unit 602 deter-
mines an abnormality of the speed reducer 10 when the
number of times the resistance value acquired by the acqui-
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sition unit 601 falls below the threshold value (second
threshold value) reaches the prescribed number of times
(e.g., three times). Hereafter, the number of times the
resistance value acquired by the acquisition unit 601 falls
below the threshold value is referred to as “count”. The
abnormality determining unit 602 determines that the speed
reducer 10 normally operates when the count has not
reached a reference count. The storage 610 stores the count.
[0052] The output unit 603 outputs the results determined
by the abnormality determining unit 602. The output unit
603 transmits the information (the result determined by the
abnormality determining unit 602) to an external device. The
external device is, for example, a user terminal 300. The user
terminal 300 is a computer device located in a facility such
as a factory where the speed reducer 10 is used. The
computer device is, for example, a desktop PC or a notebook
PC, but may also be a tablet terminal or a smartphone. The
user terminal 300 displays the results determined by the
abnormality determining unit 602 on a display. Specifically,
the user terminal 300 displays whether the speed reducer 10
operates normally or not. The output mode of the user
terminal 300 is not limited to displaying, but also includes
an output mode by sound and storing in a storage medium.
[0053] The conductive particle detecting device 100 may
be equipped with a light-emitting part such as an LED. In
this case, the output unit 603 may make the light-emitting
part emit light in a manner according to the determination
result made by the abnormality determining unit 602. The
output unit 603 may cause the storage 610 to store the
determination result by the abnormality determining unit
602.

Acquisition of Multiple Resistance Values

[0054] In this embodiment, the acquisition unit 601
acquires resistance values between two or more pairs of
electrodes in different combinations. Specifically, the acqui-
sition unit 601 acquires the resistance value of channel 1 (the
resistance value between the first electrode 130a and the
second electrode 1305) and the resistance value of channel
2 (the resistance value between the first electrode 130a and
the second electrode 130c¢). Alternatively, the acquisition
unit 601 may acquire only one of the resistance values of
channel 1 or channel 2. In other words, the conductive
particle detecting device 100 only needs to have at least one
channel. More specifically, the control device 140 only
needs to have at least one of the circuit connecting the first
electrode 130a and the second electrode 1305 or the circuit
connecting the first electrode 130a and the second electrode
130¢ shown in the detecting circuit 200 (see FIG. 4).
[0055] In this embodiment, the number of channels is two,
but it may be three or more. For example, if the number of
the channels is four, a circuit similar to the detecting circuit
200 (see FIG. 4) is provided on the first electrode 1304 side.
Specifically, a circuit connecting the first electrode 1304 and
the second electrode 13056 via the power supply 201 and a
circuit connecting the first electrode 1304 and the second
electrode 130c¢ via the power supply 201 may be added. In
this way, by providing multiple channels, the long-use metal
powder can be detected with greater accuracy.

[0056] The abnormality determining unit 402 determines
an abnormality based on the count in the multiple channels.
Specifically, the abnormality determining unit 402 deter-
mines that an abnormality has occurred when the sum of the
count in channel 1 and the count in channel 2 reaches the
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reference count. However, the counts in channel 1 and
channel 2 may be measured separately, and when one of the
counts reaches the reference count or when each of the
counts reaches the reference count, it may be determined
that there is an abnormality in the device.

Informing of Warning and Failure

[0057] In the embodiment, an “abnormality” includes a
warning state indicating that the speed reducer is just before
a failure and a failure state indicating that it has failed. The
abnormality determining unit 602 determines abnormalities
including the warning state and the failure state. For
example, the abnormality determining unit 602 determines
that the speed reducer is in the warning state when the
resistance value acquired by the acquisition unit 601 falls
below the threshold value (second threshold value) three
times. In other words, the abnormality determining unit 602
determines that the speed reducer is in the warning state
when the count reaches the reference count (three times).
Whereas the abnormality determining unit 602 determines
that the speed reducer is in the failure state when the
resistance values of both channels 1 and 2 acquired by the
acquisition unit 601 fall below the threshold value (second
threshold value) simultaneously.

[0058] Alternatively, when the count reaches the reference
count (three times), the abnormality determining unit 602
may determine that the speed reducer is in the failure state
instead of the warning state. However, even in this case, the
speed reducer 10 can be used for a while. Therefore, the user
himself/herself is able to decide whether to continue or stop
using the speed reducer 10.

[0059] In the embodiment, the threshold value used to
determine the failure state (second threshold value) is the
same as the threshold value used to determine the warning
state (second threshold value). However, the threshold value
used to determine the failure state may be different from the
threshold value used to determine the warning state. For
example, the threshold value used to determine the failure
state may be lower than the second threshold value.

[0060] Determination of the fault condition when multiple
channels are not provided, i.e., when a single channel is
provided in the detection circuit 200 (see FIG. 4) will be now
described. For example, the abnormality determining unit
602 may determine that the speed reducer is in the failure
state when the count is greater than the reference count (e.g.,
four or more times). The threshold value (e.g., the first
threshold value) used to determine the failure state may be
lower than the threshold value (the second threshold value)
used to determine the warning state, and the abnormality
determining unit 602 may determine that there is the failure
state when the resistance value obtained by the acquisition
unit 601 falls below the first threshold value.

[0061] The output unit 603 outputs information indicating
either the warning state or failure state. When the abnor-
mality determining unit 602 determines that the reducer is in
the warning state, the output unit 603 outputs information
indicating the warning state (hereinafter referred to as
“warning information”). When the user terminal 300
received the warning information, it informs the user that the
reducer is in the warning state by displaying a caution image
(e.g., yellow) indicating the warning state on its display.
When the conductive particle detecting device 100 is
equipped with the light-emitting part, the output unit 603
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causes the light-emitting part to emit light in a manner (e.g.,
yellow) indicating the warning state (caution).

[0062] When the abnormality determining unit 602 deter-
mines that the reducer is in the failure state, the output unit
603 outputs information indicating the failure state (herein-
after referred to as “failure information”). When the user
terminal 300 received the failure information, it informs the
user that the reducer is in the failure state by displaying an
alert image (e.g., red) indicating the failure state on its
display. When the conductive particle detecting device 100
is equipped with the light-emitting part, the output unit 603
causes the light-emitting part to emit light in a manner (e.g.,
red) indicating the failure state (alert).

Changing Threshold Value Depending on Size of
Reducer

[0063] The timing at which the conductive particle detect-
ing device 100 can detect a failure depends on the size of the
speed reducer 10. This is because various factors differ
depending on the size of the speed reducer 10, such as the
size of the oil bath 22, the amount of the lubricant 13, the
amount of long-use metal powder in the speed reducer 10,
and the distance from the location where the long-use metal
powder is generated to the conductive particle detecting
device 100. It is not efficient from the standpoint of manu-
facturing costs, etc., to manufacture each of the conductive
particle detecting devices 100 in accordance with these
factors.

[0064] Therefore, in the embodiment, the resistance
threshold value can be changed according to the size of the
speed reducer 10 to accommodate the above factors. For
example, when the size of the speed reducer 10 is small, the
amount of initial metal powder generated is small, and the
location of the conductive particle detecting device 100 is
close to the location of the long-use metal powder generated,
so the resistance value tends to decrease early. Therefore,
when the size of the speed reducer 10 is small, the threshold
value for the resistance is set lower to reduce the sensitivity
of the detection of the long-use metal powder.

[0065] On the other hand, when the size of the speed
reducer 10 is large, the amount of initial metal powder
generated is large, and the location of the conductive particle
detecting device 100 is far from the location where the
long-use metal powder is generated, so the resistance value
will not easily decrease. For this reason, when the size of the
speed reducer 10 is large, the threshold value for the
resistance is set higher to increase the sensitivity of detection
of the long-use metal powder.

Changing Threshold Value Depending on Viscosity
of Lubricant

[0066] The timing at which the conductive particle detect-
ing device 100 can detect a failure depends on the viscosity
of the lubricant 13. This is because, as described above,
depending on the viscosity of the lubricant 13, the ease of
pushing away the lubricant of the non-conductive layer
varies when the long-use metal powder adheres to the
conductive particle detecting device 100. Therefore, in the
embodiment, the threshold value for the resistance value can
be changed depending on the viscosity of the lubricant 13.
[0067] Forexample, when the viscosity of the lubricant 13
is high, the resistance value tends to be difficult to decrease
because it is difficult for the long-use metal powder to push
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away the lubricant when it adheres to the conductive particle
detecting device 100. Therefore, when the viscosity of the
lubricant 13 is high, the threshold value for the resistance is
set higher in order to increase the sensitivity of the detection
of the long-use metal powder.

[0068] Whereas when the viscosity of the lubricant 13 is
low, the resistance value tends to decrease because the
long-use metal powder can easily push away the lubricant
when it adheres to the conductive particle detecting device
100. Therefore, when the viscosity of the lubricant 13 is low,
the threshold value for the resistance is set lower in order to
reduce the sensitivity of the detection of the long-use metal
powder.

Changing Threshold Value Depending on Insulating
Properties of Lubricant

[0069] The timing at which the conductive particle detect-
ing device 100 can detect a failure depends on the insulating
properties of the lubricant 13. This is because the detection
accuracy of the resistance value varies depending on the
insulation properties of the lubricant 13. Therefore, in the
embodiment the threshold value for the resistance can be
changed depending on the insulating properties of the lubri-
cant 13.

[0070] Forexample, when the lubricant is not so insulative
(i.e., the conductivity is high), the resistance value tends to
decrease early. Therefore, when the insulation performance
of the lubricant 13 is low, the threshold value for the
resistance is set lower in order to reduce the sensitivity of the
detection of the long-use metal powder.

[0071] Whereas when the lubricant 13 is highly insulative
(i.e., when the conductivity is low), the resistance value does
not decrease easily. Therefore, when the insulation perfor-
mance of the lubricant 13 is low, the threshold value for the
resistance value is set higher to increase the sensitivity of the
detection of the long-use metal powder.

Changing Reference Count

[0072] In the embodiment, the reference count can be
changed depending on the size of the speed reducer 10 to
accommodate the above factors. For example, when the size
of the speed reducer 10 is small, the resistance value tends
to decrease early. Thus, the reference count is set larger to
reduce the sensitivity of the detection of the long-use metal
powder. Whereas when the size of the speed reducer 10 is
large, the resistance value does not decrease easily. Thus, the
reference count is set smaller to increase the sensitivity of
the detection of the long-use metal powder.

[0073] Setting of the threshold value and the reference
count can be performed by receiving inputs from a manu-
facturing staff’ at the time of manufacture of the control
device 140. For example, the control device 140 sets the
threshold value and the reference count using the result the
inputs received from the manufacturing staff as to whether
the size of the speed reducer 10 is greater than or equal to
a predetermined size. Specifically, the storage 610 stores in
advance a table that maps the size of the speed reducer 10
to the threshold value and a table that maps the size of the
speed reducer 10 to the reference count. When the control
device 140 received the size of the speed reducer 10, it refers
to the table in the storage 610 to set the threshold value and
the reference count.
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[0074] Inthe embodiment, there are two types of the speed
reducer 10 in size, large and small. In addition, for the
threshold value and the reference count, one of the two types
is set, respectively. However, the size of the speed reducer
10 is not limited to two types, but may be three types (large,
medium, and small), or even more than two types. The
control device 140 may accept the threshold value itself
and/or the reference count itself from the manufacturing
staff and set the accepted values.

Process of Setting Threshold and Reference Count

[0075] FIG. 7 is a flowchart showing an example of a
setting process performed by the control device 140 for the
threshold and reference count. As shown in FIG. 7, the
control device 140 waits until it receives a predetermined
operation from a manufacturing staff to start setting the
threshold value and reference count (step S701: NO). Once
the setting of the threshold value and reference count has
started (step S701: YES), the control device 140 determines
whether the size of the speed reducer 10 received from the
manufacturing staff is “large” (step S702).

[0076] When the size of the speed reducer 10 is not “large”
(step S702: NO), i.e., “small,” the control device 140 sets the
threshold to a lower value (step S703). Then, the control
device 140 sets the reference count to a higher value (step
S704) and ends the setting process.

[0077] When the size of the speed reducer 10 is “large”
(step S702: YES), the control device 140 sets the threshold
value to a greater value (step S705). Then, the controller 140
sets the reference count to a smaller value (step S706) and
terminates the setting process.

[0078] In the flowchart described above, it is also possible
to receive at least one of the viscosity and insulating
properties of the lubricant 13 from the manufacturing staff
and set the threshold according to the received viscosity and
insulating properties.

Abnormality Determination Process

[0079] FIG. 8 is a flowchart showing an abnormality
determination process performed by the control device 140.
As shown in FIG. 8, the control device 140 waits until the
start of abnormality determination (step S801: NO). The
start of abnormality determination means, for example, that
the power of the conductive particle detecting device 100 is
turned on. Once the abnormality determination has started
(step S801: YES), the control device 140 determines
whether a predetermined time (e.g., 1 minute) has elapsed
(step S802).

[0080] The control device 140 waits until the predeter-
mined time elapses (step S802: NO). When the predeter-
mined time elapses (step S802: YES), the control device 140
detects and acquires values of the two resistances in chan-
nels 1 and 2 (step S803). Then, the control device 140
determines whether both of the acquired resistance values
are below the threshold (second threshold value) (step
S804). When both of the acquired resistance values are not
below the threshold (step S804: NO), the control device 140
further determines whether one of the acquired resistance
values is below the threshold (second threshold).

[0081] When the one of the resistance values is not below
the threshold (step S805: NO), i.e., both of the acquired
resistance values are above the threshold value, the control
device 140 proceeds to step S813. When one of the acquired
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resistance values is below the threshold (step S805: YES),
the control device 140 increments the number of times the
resistance value has been below the threshold (count) by one
(“+1”) and stores the count in the storage 610 (step S806).
[0082] The control device 140 then determines whether
the count is greater than or equal to the reference count (e.g.,
three) (step S807). When the count is not greater than or
equal to the reference count (step S807: NO), the control
device 140 proceeds to step S813. When the count is more
than the reference count (step S807: YES), the control
device 140 determines whether the warning information has
already been outputted to the user terminal 300 (step S808).
[0083] When the warning information has already been
outputted to the user terminal 300 (step S808: YES), i.e., the
user terminal 300 has already been informed of the warning
state, the control device 140 proceeds to step S813. Whereas
when the warning information has not already been output-
ted to the user terminal 300 (step S808: NO), the control
device 140 determines whether the failure information has
already been outputted to the user terminal 300 (step S809).
[0084] When the failure information has already been
outputted to the user terminal 300 (step S809: YES), i.e., the
user terminal 300 has already been informed of the failure
state, the control device 140 proceeds to step S813. Whereas
when the failure information has not already been outputted
to the user terminal 300 (step S809: NO), the control device
140 outputs the warning information to the user terminal 300
(step S810) and proceeds to step S813. The user terminal
300 is informed of the warning state by receiving the
warning information.

[0085] In the flowchart, when the user terminal 300 has
already been informed of the warning state, the warning
information is not outputted to the user terminal 300 (step
S808: YES—step S813). However, even if the warning state
has been already informed, the warning information may be
outputted again to the user terminal 300. The user terminal
300 may inform of the warning state each time it receives the
warning information.

[0086] When both of the acquired resistance values are
below the threshold in step S804 (step S804: YES), the
control device 140 determines whether the failure informa-
tion has already been outputted to the user terminal 300 (step
S811). When the failure information has already been out-
putted to the user terminal 300 (step S811: YES), that is,
when the user terminal 300 has already been informed of the
failure state, the control device 140 proceeds to step S813.
Whereas when the failure information has not already been
outputted to the user terminal 300 (step S811: NO), the
control device 140 outputs the failure information to the user
terminal 300 (step S812). The user terminal 300 is informed
of the failure state by receiving the failure information.
[0087] In the flowchart, when the user terminal 300 has
already been informed of the failure state, the failure infor-
mation is not outputted to the user terminal 300 (step S811:
YES—=step S813). However, even if the failure state has
already been informed, the failure information may be
outputted again to the user terminal 300. The user terminal
300 may inform of the failure status each time it receives the
failure information.

[0088] The control device 140 then determines whether
the abnormality determination is ended (step S813). The end
of abnormality determination means, for example, that the
power of the conductive particle detecting device 100 is
turned off. When the abnormality determination is not ended
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(step S813: NO), the control device 140 returns to step S802
to continue the detection of the resistance value. Whereas
when the abnormality determination is ended (step S813:
YES), the control device 140 terminates the process.
[0089] As described above, the control device 140 deter-
mines an abnormality in the speed reducer 10 based on the
number of times the electrical resistance between the elec-
trodes 130 falls below the threshold, and outputs the deter-
mination result. This allows the user to be informed of the
abnormality that occurs in the preliminary stage of a failure.
Thus, the user can use the speed reducer 10 systematically.
For example, the user can systematically perform mainte-
nance on the speed reducer 10 during periodic maintenance
that is performed by stopping the production line. In addi-
tion, the user can avoid the breakdown of the speed reducer
10 during the operation of the production line. Therefore,
according to the embodiment, the convenience of users who
use the speed reducer 10 can be improved.

[0090] The control device 140 of the embodiment deter-
mines an abnormality based on the number of times that the
multiple resistance values between the different electrodes
130 are below the threshold. This can increase the accuracy
pertaining to the abnormality determination because the
resistance values can be acquired from the multiple chan-
nels.

[0091] The control device 140 of the embodiment deter-
mines an abnormality based on the sum of the number of
times each of the plurality of resistance values falls below
the threshold. Thus, it is possible to precociously inform the
user of the abnormality that occurs in the preliminary stage
of a failure.

[0092] The control unit 140 of the embodiment determines
an abnormality including a failure state and warning state,
and outputs information indicating one of the failure or
warning state. This allows the user to be informed whether
the speed reducer 10 is in the warning state or failure state.
Thus, the user can properly grasp the state of the speed
reducer 10.

[0093] In the control device 140 of the embodiment, the
threshold is a changeable value depending on the size of the
reducer 10. This makes it possible to provide the versatile
conductive particle detecting device 100 that is compatible
with various sizes of the speed reducers 10 simply by
changing the threshold value.

[0094] In the control device 140 of the embodiment, the
threshold is a value that can be changed depending on at
least one of the viscosity and insulation properties of the
Iubricant 13. This makes it possible to provide the versatile
conductive particle detecting device 100 that is compatible
with various types of the lubricant 13 simply by changing
the threshold value.

[0095] In the control device 140 of the embodiment, the
reference count is a value that can be changed depending on
the size of the speed reducer 10. This makes it possible to
provide the versatile conductive particle detecting device
100 that is compatible with various sizes of the speed
reducers 10 simply by changing the reference count.
[0096] The abnormality determination program for real-
izing the conductive particle detecting device 100 and the
control device 140 described above may be stored on a
computer-readable storage medium, and the program may
be loaded to a computer system to execute the program. The
term “computer system” as used herein includes hardware
such as an OS and peripheral devices. The “computer-
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readable storage medium” refers to a storage device such as
portable medium including a flexible disc, a magneto-optical
disc, a ROM, and a CD-ROM, and a hard disk built-in to the
computer system. The “computer-readable storage medium”
includes storage that retain the program for some period of
time, like a volatile memory (for example, RAM) in a
computer system that operates as a server or a client receiv-
ing the program through a network such as the Internet or a
communication line such as a telephone line. The computer
program mentioned above may be transmitted from a com-
puter system that includes a storage device or the like storing
the program to another computer system through a trans-
mission medium or by a transmission wave in a transmission
medium. The “transmission medium” for transmitting the
program refers to a medium that operates to transmit infor-
mation, like a network (communication network) such as the
Internet or a communication line (communication wire) such
as the telephone line. Only a part of the functions described
above may be implemented in the above program. Further,
the functions described above may be implemented by a
combination of the above program and other programs
previously stored on the computer system. That is, the above
program may be what is called a difference file (a difference
program).

[0097] The foregoing is the description of the embodi-
ments of the present invention with reference to the draw-
ings. Specific configurations are not limited to the above
embodiments but include design modifications within the
purport of the present invention.

[0098] According to the foregoing embodiments and
modification examples disclosed herein, a plurality of func-
tions are distributively provided. Some or all of the functions
may be integrated. Any one of the functions may be partly
or entirely segmented into a plurality of functions, which are
distributively provided. Irrespective of whether or not the
functions are integrated or distributed, they are acceptable as
long as they are configured to attain the object of the
invention.

INDUSTRIAL APPLICABILITY

[0099] With the above described abnormality determina-
tion device, conductive particle detecting device, abnormal-
ity determination method, and program, it is possible to
improve the user’s convenience in using mechanical
devices. Accordingly, the present disclosure is industrially
applicable.

LIST OF REFERENCE NUMBERS

[0100] 10 ... speed reducer (mechanical device), 13 . . .
Iubricant, 100 . . . conductive particle detecting device, 130
. .. electrode, 131 . . . permanent magnet, 140 . . . control
device (abnormality determination device), 210 . . . resis-
tance detecting unit, 601 . . . acquisition unit, 602 . . .
abnormality determination unit, 603 . . . output unit, 610 . .
. storage

1. An abnormality determination device, comprising:

an acquisition unit acquiring an electrical resistance value
between electrodes in a non-conductive lubricant used
for lubrication of a mechanical device, the electrodes
being spaced apart from each other in the lubricant;

an abnormality determining unit determining whether
there is an abnormality in the mechanical device based
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on a number of times the resistance value acquired by
the acquisition unit falls below a threshold; and

an output unit outputting a result of the determination by

the abnormality determining unit,

wherein the acquiring unit acquires the electrical resis-

tance between the electrodes that varies depending on
conductive particles collected by magnetic force in the
lubricant.

2. The abnormality determination device of claim 1,
wherein the acquisition unit acquires electrical resistance
values between two or more pairs of electrodes in different
combinations, and

wherein the abnormality determining unit determines the

abnormality based on the number of times the electrical
resistance values have fallen below the threshold.

3. The abnormality determination device of claim 2,
wherein the abnormality determining unit determines the
abnormality based on a sum of the number of times each of
the electrical resistance values has fallen below the thresh-
old.

4. The abnormality determination device of claim 1,
wherein the abnormality determining unit determines the
abnormality including a failure state indicating a failure of
the mechanical device and a warning state before the failure
state, and

wherein the output unit outputs information indicating

either the failure state or the warning state.

5. The abnormality determination device of claim 1,
wherein the threshold is a value that can be changed depend-
ing on a size of the mechanical device.

6. The abnormality determination device of claim 1,
wherein the threshold is a value that can be changed depend-
ing on at least one of viscosity or insulation properties of the
lubricant.

7. The abnormality determination device of claim 1,
wherein the number of times is a value that can be changed
depending on a size of the mechanical device.

8. (canceled)

9. A conductive particle detecting device, comprising:

electrodes in a non-conductive lubricant used for lubri-

cation of a mechanical device, the electrodes being
spaced apart from each other in the lubricant;

an acquiring unit acquiring an electrical resistance

between the electrodes that varies depending on con-
ductive particles collected by magnetic force in the
lubricant;

an abnormality determining unit determining whether

there is an abnormality in the mechanical device based
on a number of times the resistance value acquired by
the acquisition unit falls below a threshold; and

an output unit outputting a result of the determination by

the abnormality determining unit.
10. An abnormality determination method performed by a
computer used for abnormality determination device, com-
prising:
acquiring an electrical resistance value between elec-
trodes in a non-conductive lubricant used for lubrica-
tion of a mechanical device, the electrodes being
spaced apart from each other in the lubricant;

determining whether there is an abnormality in the
mechanical device based on a number of times the
resistance value acquired by the acquisition unit falls
below a threshold; and
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outputting a result of the determination made in the
determining,

wherein the acquiring includes acquiring the electrical
resistance between the electrodes that varies depending
on conductive particles collected by magnetic force in
the lubricant.

11. (canceled)
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