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DESCRIPTION

EQUIPMENT MONITORING SYSTEM, EQUIPMENT MONITORING
PROGRAM, AND EQUIPMENT MONITORING METHOD

Technical Field

[0001] The present invention relates to an equipment monitoring system, an
equipment monitoring program, and an equipment monitoring method
detecting a physical quantity of monitored equipment, and diagnosing an
operating state of the monitored equipment based on results of detection by a
detector.

Background Art

[0002] Conventionally, as this type of equipment monitoring system, for
example, in Patent Document 1 an equipment monitoring system is disclosed
in which, in order to reduce the power consumption of a detector (a terminal
device in Patent Document 1) while constantly monitoring monitored
equipment, the detector performs an intermittent detection operation in
which the detector is basically set to a sleep state, and at predetermined time
intervals, the detector is set to an awake state and performs a detection
operation, and after the detection operation is completed, the detector is set

to the sleep state until performing the next detection operation.

Prior Art Documents
Patent Documents
[0003] Patent Document 1: JP 2003-131707A

Disclosure of the Invention

Problem to be Solved by the Invention

[0004] However, in Patent Document 1, although an intermittent detection
operation i1s performed, the question of how to accurately diagnose the
operating state of the monitored equipment while suppressing power
consumption is not considered.

[0005] That is, when attempting to suppress the power consumption of the
detector, in an intermittent detection operation, it is conceivable to shorten

the time of each detection operation to a momentary operation, and reduce
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detector start-up time. However, when adopting such a scheme, in a case
where a physical quantity to be detected by the detector is a physical quantity
that periodically changes and so variation in detection results is likely to
occur, such as ultrasonic vibration or sound generated by the monitored
equipment, even if detection results are diagnosed as abnormal, this is not
necessarily caused by an abnormal operating state of the monitored
equipment. It i1s possible that the operating state of the monitored
equipment is normal, and diagnosis of an abnormal state is simply due to
variation in the detection results. This is a problem for diagnosis reliability.
[0006] On the other hand, in order to accurately diagnose the operating state
of the monitored equipment, it is conceivable to sufficiently lengthen the time
of each detection operation, but when adopting such a scheme, although the
reliability of diagnosis increases, the detector start-up time increases and so
power consumption increases.

[0007] In consideration of these circumstances, a main aim of the present
disclosure is to provide an equipment monitoring system, an equipment
monitoring program, and an equipment monitoring method capable of
suppressing the power consumption of a detector, and also capable of

diagnosing the operating state of monitored equipment with high reliability.

Means for Solving Problem

[0008] An equipment monitoring system according to the present disclosure
1s an equipment monitoring system having a detector that detects a physical
quantity of a monitored equipment, and a diagnosis unit that diagnoses an
operating state of the monitored equipment based on detection results by the
detector, the equipment monitoring system being provided with:

a control unit that switches a detection operation mode of the detector
between a simple detection mode in which the detector periodically performs
a momentary detection operation, and a detailed detection mode in which the
detector performs a continuous detection operation;

wherein the diagnosis unit is configured to, in the simple detection
mode, diagnose whether the operating state of the monitored equipment is a
normal state or a state requiring caution based on the detection results by the
detector, and

the control unit is configured to, in the simple detection mode, when
the diagnosis unit has diagnosed the operating state of the monitored
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equipment to be a normal state, maintain the simple detection mode, and
when the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a state requiring caution, switch the detection operation
mode of the detector from the simple detection mode to the detailed detection
mode.

[0009] That is, in the above configuration, the detection operation of the
detector is performed in two detection operation modes, namely a simple
detection mode in which a momentary detection operation is performed
periodically and a detailed detection mode in which a continuous detection
operation 1s performed. First, in the simple detection mode, in order to find
a sign of abnormality, simple diagnosis of whether the operating state of the
monitored equipment is a normal state or a state requiring caution is
performed, and when the result of diagnosis in the simple detection mode
results is a state requiring caution (that is, when a sign of abnormality has
been found), the detection operation mode of the detector is switched to the
detailed detection mode, data is intensively collected by a continuous
detection operation, and the operating state of the monitored equipment is
diagnosed in detail.

[0010] Therefore, according to the above configuration, although power
consumption is basically suppressed by performing a detection operation in
the simple detection mode in which a momentary detection operation is
performed, only in a case where the result of diagnosis in the simple detection
mode 1s that the operation state is a state requiring caution, a detection
operation 1s performed in the detailed detection mode in which power
consumption is increased due to a continuous detection operation, so overall
power consumption of the detector can be effectively suppressed. Also,
because a momentary detection operation is performed, in the simple
detection mode, even if it is difficult to distinguish whether the diagnosis
results are due to an abnormal operating state of the monitored equipment,
or whether the operating state of the monitored equipment is normal and the
sign of abnormality is simply due to variation in the detection results, a
detection operation is performed in the detailed detection mode, and those
detection results are diagnosed in detail, so ultimately it is possible to
reliably diagnose whether the operating state of the monitored equipment is
a normal state or an abnormal state.

[0011] That is, according to the above configuration, detector power
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consumption can be effectively suppressed, and the operating state of the
monitored equipment can be reliably diagnosed.

[0012] Below, preferable modes of a steam-using facility evaluation system
according to the present disclosure will be described. However, the scope of
the present disclosure is not limited by the exemplary preferred embodiments
described below.

[0013] As one mode, preferably the diagnosis unit is configured to, in the
detailed detection mode, repeatedly diagnose whether the operating state of
the monitored equipment is a normal state or a state requiring caution based
on the detection results by the detector in a predetermined time period, and
when the operating state of the monitored equipment is diagnosed to be a
state requiring caution for a predetermined number of times of abnormality
recognition consecutively in this repetition, diagnose that the operating state
of the monitored equipment is an abnormal state.

[0014] That is, according to the above configuration, in the detailed detection
mode, the operating state of the monitored equipment is diagnosed based on
the detection results collected by the continuous detection operation, so
diagnosis is performed with higher reliability than diagnosis in the simple
detection mode, and furthermore, the operating state of the monitored
equipment is diagnosed to be an abnormal state after repeatedly confirming
the certainty of diagnosis by repeating this highly reliable diagnosis, so it is
possible to diagnose the operating state of the monitored equipment with
extremely high reliability.

[0015] Note that the predetermined time period in the above configuration is
not fixed, and may be appropriately modified according to the number of
times diagnosis is repeated, for example by lengthening that time period each
time diagnosis is repeated.

[0016] Also, regarding the pattern of detection operation in the detector, a
detection operation may be suspended after performing a continuous
detection operation for a predetermined time period, and resumed after the
diagnosis unit finishes diagnosis, or a continuous detection operation may be
constantly performed without pausing after performing a detection operation
for a predetermined time period.

[0017] As one mode, preferably the control unit is configured to, in the
repetition of diagnosis by the diagnosis unit in the detailed detection mode,
when the diagnosis unit has diagnosed the operating state of the monitored
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equipment to be a normal state, switch the detection operation mode of the
detector from the detailed detection mode to the simple detection mode.

[0018] That is, although reliable diagnosis can be performed by performing a
continuous detection operation in the detailed detection mode, to that extent
the power consumption increases in comparison to the detection operation of
the simple detection mode, but according to the above configuration, in the
repeated diagnosis in the detailed detection mode, when the diagnosis unit
has diagnosed the operating state of the monitored equipment to be a normal
state, diagnosis repetition is stopped, and the detection operation mode of the
detector i1s immediately switched to the simple detection mode in which
power consumption is suppressed, so it is possible to effectively suppress
detector power consumption due to performing a detection operation by the
detailed detection mode.

[0019] As one mode, preferably the diagnosis unit is configured to, in the
detailed detection mode, repeatedly diagnose whether the operating state of
the monitored equipment is a normal state or a state requiring caution based
on the detection results by the detector in a predetermined time period, and
when, after a predetermined number of times of diagnosis have been
performed in this repetition, a number of times that the operating state of the
monitored equipment has been diagnosed to be a state requiring caution is at
least a predetermined number of times of abnormality recognition, diagnose
that the operating state of the monitored equipment is an abnormal state.
[0020] In the detailed detection mode, the operating state of the monitored
equipment 1s diagnosed based on the detection results collected by the
continuous detection operation, so diagnosis is performed with higher
reliability than diagnosis in the simple detection mode, and furthermore, a
format 1s adopted in which this reliable diagnosis is repeated a
predetermined number of times and diagnosis is performed based on the
predetermined number of times of diagnosis results, so it is possible to
diagnose the operating state of the monitored equipment with extremely high
reliability.

[0021] Note that the predetermined time period in the above configuration is
not fixed, and may be appropriately modified according to the number of
times diagnosis is repeated, for example by lengthening that time period each
time diagnosis is repeated.

[0022] Also, regarding the pattern of detection operation in the detector, a
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detection operation may be suspended after performing a continuous
detection operation for a predetermined time period, and resumed after the
diagnosis unit finishes diagnosis, or a continuous detection operation may be
constantly performed without pausing after performing a detection operation
for a predetermined time period.

[0023] As one mode, preferably the detector is configured to be capable of
detecting a physical quantity of a first group and a physical quantity of a
second group, the diagnosis unit is configured to, in the simple detection
mode, diagnose whether the operating state of the monitored equipment is a
normal state or an abnormal state regarding the physical quantity of the first
group, and when the diagnosis unit has diagnosed the operating state of the
monitored equipment to be a normal state regarding the physical quantity of
the first group, diagnose whether the operating state of the monitored
equipment is a normal state or a state requiring caution regarding the
physical quantity of the second group, and the control unit is configured to, in
the simple detection mode, when the diagnosis unit has diagnosed the
operating state of the monitored equipment to be a normal state regarding
the physical quantity of the second group, maintain the simple detection
mode, and when the diagnosis unit has diagnosed the operating state of the
monitored equipment to be a state requiring caution regarding the physical
quantity of the second group, switch the detection operation mode of the
detector from the simple detection mode to the detailed detection mode.

[0024] The type of abnormality that can be detected in an operating state of
a monitored equipment differs depending on the physical quantity to be
detected, so it is preferable that a detector can detect a plurality of physical
quantities in order to perform comprehensive diagnosis of the operating state
of the monitored equipment. However, the physical quantities to be detected
include both those that change periodically and are likely to vary in detection
results (for example, ultrasonic vibration or sound), and those that change
little over time and are less likely to vary in detection results (for example,
temperature). For physical quantities more likely to vary in detection
results, in order to increase the reliability of diagnosis, it is necessary to
perform diagnosis based on the detection results in a detection operation
collected over some amount of time. On the other hand, for physical
quantities less likely to vary in detection results, sufficiently reliable
diagnosis is possible with the detection results in a momentary detection
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operation.

[0025] In other words, for physical quantities more likely to vary in detection
results, the reliability of diagnosis is insufficient with the detection results of
the simple detection mode, so it is necessary to perform diagnosis based on
the detection results of the detailed detection mode in order to perform
reliable diagnosis. On the other hand, for physical quantities that are less
likely to vary in detection results, sufficiently reliable diagnosis can be
performed with the detection results of the simple detection mode, and if a
further detection operation is performed in the detailed detection mode,
power is wastefully consumed. In this way, if diagnosis is performed in the
same pattern for both a physical quantity that is more likely to vary in
detection results and a physical quantity that is less likely to vary in
detection results, in at least one case wasteful power consumption will occur,
or the reliability of diagnosis will decrease.

[0026] Consequently, in the above configuration, the diagnosis pattern in
which the detector detects a physical quantity is divided into two patterns.
Regarding the physical quantity of the first group, only diagnosis based on
the detection results in the simple detection mode is performed, without
switching to the detailed detection mode, and regarding the physical quantity
of the second group, in addition to the diagnosis based on the detection
results in the simple detection mode, diagnosis based on the detection results
in the detailed detection mode is also performed. That is, according to the
above configuration, assuming the physical quantity of the first group is a
physical quantity that is less likely to vary in detection results, while reliable
diagnosis can be performed with only the diagnosis in the simple detection
mode, power consumption can be effectively suppressed by omitting a
detection operation or diagnosis in the detailed detection mode. At the same
time, assuming the physical quantity of the second group is a physical
quantity that is more likely to vary in detection results, although power
consumption is effectively suppressed by basically performing a detection
operation in the simple detection mode, ultimately diagnosis is performed
based on the detection results in the detailed detection mode, so sufficiently
reliable diagnosis is possible. In this way, according to the above
configuration, even in a case where respective diagnosis is performed based
on detection results of a physical quantity that is more likely to vary in
detection results and a physical quantity that is less likely to vary in



10

15

20

25

30

35

detection results, it is possible to effectively suppress detector power
consumption, and possible to reliably diagnose the operating state of the
monitored equipment.

[0027] As one mode, preferably the diagnosis unit is configured to, in the
simple detection mode, regarding the physical quantity of the first group,
diagnose the operating state of the monitored equipment based on detection
results in one instance of detection operation, and regarding the physical
quantity of the second group, diagnose the operating state of the monitored
equipment based on a moving average of detection results in a plurality of
Iinstances of detection operation.

[0028] That is, in the above configuration, regarding the physical quantity of
the second group, the operating state of the monitored equipment is
diagnosed based on the moving average of the detection results in a plurality
of instances of detection operation, so regarding the physical quantity of the
second group in the simple detection mode, it is possible to increase the
reliability of the diagnosis of whether the operating state of the monitored
equipment is a normal state or a state requiring caution. Also, by increasing
the reliability of diagnosis, unnecessary switching to the detailed detection
mode, which increases power consumption, can be reduced, so power
consumption can be even more effectively suppressed.

[0029] As one mode, preferably the physical quantity of the first group
includes temperature.

[0030] That is, because temperature changes little over time and is less
likely to vary in detection results, temperature can be diagnosed with
sufficient reliability with only the detection results in the simple detection
mode in which a momentary detection operation is performed. Therefore,
according to the above configuration, temperature is adopted as the physical
quantity of the first group regarding which diagnosis is only performed based
on the detection results in the simple detection mode, so it is possible to
perform a detection operation pattern and diagnosis that are suitable for
temperature.

[0031] As one mode, preferably the physical quantity of the second group
includes ultrasonic vibration or sound.

[0032] That is, because ultrasonic vibration and sound change periodically
and are more likely to vary in detection results, in order to perform reliable

diagnosis it is necessary to perform diagnosis based on the detection results
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in the detailed detection mode. Therefore, according to the above
configuration, ultrasonic vibration or sound is adopted as the physical
quantity of the second group, regarding which diagnosis is performed based
on the detection results in the simple detection mode, and additionally based
on the detection results in the detailed detection mode, so it is possible to
perform a detection operation pattern and diagnosis that are suitable for
ultrasonic vibration or sound.

[0033] As one mode, preferably the diagnosis unit is configured to diagnose
the operating state of the monitored equipment based on a size relationship
of detection results to a predetermined threshold value.

[0034] That is, according to the above configuration, it is possible to simply
diagnose the operating state of the monitored equipment with a simple unit
that only calculates the size relationship of detection results to a
predetermined threshold value.

[0035] As one mode, preferably the threshold value is set to a maximum
value or a minimum value of detection results that can be detected by the
detector in test operation of the detector.

[0036] That is, according to the above configuration, the operating state of
the monitored equipment is diagnosed based on a maximum value or a
minimum value of detection results that can be detected in test operation
performed in advance, so it is possible to reliably diagnose whether or not the
detection results are within the normal range.

[0037] As one mode, preferably the threshold value is set for each detector
based on a range of variation in detection results that were detected in a fixed
period in initial operation of the detector.

[0038] That is, according to the above configuration, a threshold value
according to the actual circumstances of each monitored equipment, such as
installation location, can be set for each monitored equipment, so it is possible
to diagnose the operating state according to each monitored equipment.

[0039] As one mode, preferably the threshold value is updated at an
appropriate time for each detector based on a range of variation in detection
results that were detected in a fixed period during operation of the detector.
[0040] That is, according to the above configuration, after setting the
threshold value in initial operation, the threshold value is updated at an
appropriate time for each detector according to changes in actual

circumstances of each monitored equipment due to continuous operation, so it
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1s possible to diagnose the operating state according to each monitored
equipment in consideration of also changes after operation.
[0041] As one mode, preferably an alarm unit is provided that issues an
alarm when the operating state of the monitored equipment has been
diagnosed to be an abnormal state by the diagnosis unit.
[0042] That is, according to the above configuration, an alarm is issued when
the operating state of the monitored equipment has been diagnosed to be an
abnormal state, so it is possible to quickly remedy an abnormality of the
operating state of the monitored equipment.
[0043] An equipment monitoring program according to the present
disclosure is an equipment monitoring program causing a detector to detect a
physical quantity of a monitored equipment, and causing a diagnosis unit to
diagnose an operating state of the monitored equipment based on detection
results by the detector, the equipment monitoring program including:

causing the detector to perform a detection operation of a simple
detection mode in which a momentary detection operation is periodically
performed; and

causing the diagnosis unit to diagnose whether the operating state of
the monitored equipment is a normal state or a state requiring caution based
on the detection results by the detector;

wherein when the diagnosis unit has diagnosed the operating state of
the monitored equipment to be a normal state, the simple detection mode is
maintained and the detector is caused to perform a detection operation, and
when the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a state requiring caution, the detection operation mode of the
detector is switched from the simple detection mode to a detailed detection
mode in which a continuous detection operation is performed and the detector
1s caused to perform a detection operation.
[0044] That is, according to the above configuration, it is possible to execute
a preferable embodiment of an equipment monitoring system according to the
present disclosure, and thus, it is possible to effectively obtain the
above-described working effects that can be obtained with an equipment
monitoring system according to the present disclosure.
[0045] An equipment monitoring method according to the present disclosure
is an equipment monitoring method of detecting a physical quantity of a
monitored equipment with a detector, and diagnosing an operating state of
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the monitored equipment based on detection results by the detector, the
equipment monitoring method including:

performing, with the detector, a detection operation of a simple
detection mode in which a momentary detection operation is periodically
performed; and

diagnosing whether the operating state of the monitored equipment is
a normal state or a state requiring caution based on the detection results by
the detector;

wherein when the operating state of the monitored equipment has
been diagnosed to be a normal state, the simple detection mode is maintained
and a detection operation is performed by the detector, and when the
operating state of the monitored equipment has been diagnosed to be a state
requiring caution, the detection operation mode of the detector is switched
from the simple detection mode to a detailed detection mode in which a
continuous detection operation is performed and a detection operation is
performed by the detector.
[0046] That is, according to the above configuration, it is possible to execute
a preferable embodiment of an equipment monitoring system according to the
present disclosure, and thus, it is possible to effectively obtain the
above-described working effects that can be obtained with an equipment

monitoring system according to the present disclosure.

Brief Description of the Drawings
[0047] FIG. 1 is a schematic plan view of an equipment monitoring system.
FIG. 2 is a perspective view showing a detector.
FIG. 3 is a block diagram showing the configuration of the detector.
FIG. 4 is a block diagram showing the configuration of a central
management apparatus.
FIG. 5 is a flowchart of equipment monitoring by an equipment
monitoring system.
FIG. 6 is a flowchart of equipment monitoring by an equipment

monitoring system.
Best Mode for Carrying Out the Invention

[0048] FIG. 1 shows an equipment monitoring system that, with a large
number of steam traps 1 deployed dispersed in a factory, a plant, or the like

11
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serving as monitored equipment, monitors the state of the steam traps 1.
The equipment monitoring system 1is configured with detectors 2 that are
provided in each steam trap 1 serving as monitored equipment and detect a
physical quantity of the steam trap, a diagnosis unit that diagnoses the
operating state of each steam trap 1 based on the results of detection by each
detector 2, and a central management apparatus 3 having an alarm unit that
gives an alarm based on diagnosis results.

[0049] As shown in FIG. 2, for example, two detectors 2 are provided in a
connecting member 5 for steam trap connection interposed in a steam pipe 4.
Through this connecting member 5, each detector 2 respectively detects the
physical quantity of the steam trap 1. An unshown entrance path and exit
path are provided inside the connecting member 5, and the entrance and the
exit of the steam trap 1 are in communication with the steam pipe 4 on both
sides of the connecting member 5 through the entrance path and the exit
path of the connecting member 5. Also, in order to prevent steam from
flowing into the steam trap 1 or the exit side of steam pipe 4 when not using
steam-using equipment to which steam is supplied or when exchanging
steam traps, an entrance valve 5a serving as a gate valve of the entrance
path and an exit valve 5b serving as a gate valve of the exit path are provided
in the connecting member 5. Also, the detectors 2 are provided on the
entrance side and the exit side respectively of the connecting member 5.
Note that the detectors 2 may also be provided not in the connecting member
5, but in the steam trap 1 or in the steam pipe 4 in the vicinity of the steam
trap 1, and the quantity of detectors is not limited to two. One, or three or
more of the detectors may be provided.

[0050] As shown in FIG. 3, each detector 2 is configured with a temperature
sensor 6 that detects the temperature in the steam trap 1, a vibration sensor
7 that detects ultrasonic vibration generated from the steam trap 1, an
analog circuit unit 8 connected to the temperature sensor 6 and the vibration
sensor 7, a digital circuit unit 9 employing a microprocessor and serving as a
control unit, a communications unit 10 that sends/receives information
to/from the central management apparatus 3, a power control unit 11 that
controls power supply to the analog circuit unit 8 and the communications
unit 10, a power supply battery 12, and a storage unit 13 that stores settings
information or the like. Also, the analog circuit section 8 is provided with an

12
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input switching switch circuit 8a that sequentially inputs detection results of
the plurality of sensors 6 and 7.

[0051] Next is a description from detection of temperature/vibration of the
steam trap 1 by the detectors 2 until sending detection results to the central
management apparatus 3. First, as a detection operation by the detectors 2,
the digital circuit unit 9, according to settings information that has been
conferred in wireless communications from the central management
apparatus 3, periodically changes the analog circuit unit 8 from the sleep
state to the awake state by power supply control by the power control unit 11,
and inputs detection results of the temperature sensor 6 and the vibration
sensor 7 that are detectable during the awake state (in a case where both
temperature and vibration are detected, the detection results of the plurality
of connected sensors 2 are sequentially input by operation of the input
switching switch circuit 8a by the digital circuit unit 9). After this input
processing, the digital circuit unit 9 returns the analog circuit unit 8 to the
sleep state again by power supply control by the power control unit 11.

[0052] Note that here, the settings information conferred from the central
management apparatus 3 relates to operation of the input switching switch
circuit 8a, such as the operation time of the detection operation (that is, the
time period to set the analog circuit unit 8 to the awake state), or the time
interval of the detection operation (that is, a time interval in which the
analog circuit unit 8 is switched from the sleep state to the awake state).
[0053] Then, the sensor detection results that were input are processed by
the digital circuit unit 9, and afterward, as a communications operation by
the detectors 2, the digital circuit unit 9, according to the settings information
conferred by wireless communications from the central management
apparatus 3, similar to the analog circuit unit 8, switches the
communications unit 10 from the sleep state to the awake state by power
supply control by the power control unit 11, sends the sensor detection results
processed by the digital circuit unit 9 to the central management apparatus 3,
and also receives instruction information from the central management
apparatus 3. After this communications processing, the digital circuit unit 9
returns the communications unit 10 to the sleep state again by power supply
control by the power control unit 11.

[0054] Note that here, the settings information conferred from the central

management apparatus 3 relates to the timing of the communications
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operation (such as whether to perform a communications operation for each
input processing of sensor detection results to the digital circuit unit 9, or
whether to perform a communications operation whenever input processing
of sensor detection results has been performed a predetermined number of
times).

[0055] Also, when the communications unit 10 has received a signal from the
central management apparatus 3 addressed to itself while in the sleep state,
the digital circuit unit 9 of each detector temporarily sets the communications
unit 10 to the awake state in order to respond to the received signal.

[0056] Thus, in this equipment monitoring system, in detection operation by
the detectors 2 and sending of detection results to the central management
apparatus 3, by setting the analog circuit unit 8 and the communications unit
10 to the awake state by supply power control only when necessary, power
consumption is reduced, and this makes it unnecessary to replace the power
supply battery 12 over a long period of time.

[0057] The central management apparatus 3 is configured from a computer
and peripheral equipment and the like thereof, and as shown in FIG. 4, is
configured from a communications unit 14 that communicates with each
detector, an input unit 15 to which detection results sent from each detector 2
can be input, a diagnosis unit 16 that diagnoses the operating state of each
steam trap 1 based on detection results that have been input, a storage unit
17 storing various information such as threshold values for temperature and
vibration respectively in diagnosis of the operating state of each steam trap 1,
position information of each steam trap 1, and the like, an output unit 18 that
outputs the diagnosis results and the like of steam trap 1, and an instruction
generation unit 19 that generates an instruction to a detector 2 based on
diagnosis results.

[0058] Diagnosis of the operating state of each steam trap 1 in the diagnosis
unit 16 of the central management apparatus 3 is performed by, for each
detection result of temperature and vibration that has been input to the input
unit 15, performing comparison to the threshold values of temperature and
vibration respectively that have been stored in the storage unit 17. The
diagnosis unit 16 diagnoses whether the operating state of the steam trap 1 is
a normal state or an abnormal state based on the detection results regarding
temperature, and diagnoses whether the operating state of the steam trap 1

is a normal state or a state requiring caution based on the detection results
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regarding vibration, and when diagnosed a predetermined number of times (a
number of times of abnormality recognition na) consecutively that the
operating state of the steam trap 1 is a state requiring caution, the operating
state of the steam trap 1 is diagnosed to be an abnormal state. The reason
for this is that regarding temperature, detection results are less likely to vary,
so it 1s possible to reliably diagnose whether the operating state of steam trap
1 is a normal state or an abnormal state with one diagnosis, but regarding
vibration, because detection results are more likely to vary, the operating
state of the steam trap 1 is not immediately diagnosed as an abnormal state
when the detection results are not normal, but rather, when the detection
results are not normal, it is necessary to diagnose the operating state of the
steam trap 1 as a state requiring caution, and afterward, ultimately diagnose
whether the operating state of the steam trap 1 is a normal state or an
abnormal state in a plurality of instances of diagnosis.

[0059] In diagnosis of whether the operating state of the steam trap 1 is a
normal state or an abnormal state, or a normal state or a state requiring
caution, regarding temperature, the operating state of the steam trap 1 is
diagnosed to be an abnormal state when detection results are lower than the
threshold value, and the operating state of the steam trap 1 is diagnosed to
be a normal state when detection results are not lower than the threshold
value. A state in which the detection results of temperature are lower than
the threshold value, that is, a state of low temperature abnormality, indicates
a clogged abnormal state in which drain discharge is not being appropriately
performed in the steam trap 1. Regarding vibration, the operating state of
the steam trap 1 is diagnosed to be a state requiring caution when detection
results are higher than the threshold value, and the operating state of the
steam trap 1 is diagnosed to be a normal state when detection results are not
higher than the threshold value. A state in which the vibration detection
results are higher than the threshold value means that vibration caused by
steam leakage in the steam trap 1 has been detected, and indicates that the
steam trap 1 is leaking steam.

[0060] Note that the threshold value for temperature can be appropriately
set to a temperature sufficient to diagnose a low temperature abnormality.
Also, the threshold value for vibration can be set to a maximum value of
detection results detected when the steam trap 1 is operated in a normal
operating state in testing in advance. This makes it possible to reliably
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diagnose whether or not the detection results are within the normal range.
The threshold value for vibration may also be set for each detector 2 based on
the variation range of the detection results detected in a fixed period in initial
operation of the detector 2. This makes it possible to diagnose the operating
state of each steam trap 1 according to the actual circumstances of each
steam trap 1, such as installation location. Also, the threshold value may be
reset based on the variation range of the detection results detected in a fixed
period by each detector 2 not only in initial operation, but also during
operation of the detector 2, and this makes it possible to perform a diagnosis
of the operating state according to each monitored equipment, taking into
consideration also changes after operation.

[0061] When the operating state of the steam trap 1 has been diagnosed in
the diagnosis unit 16, an instruction (for example, such as switching of the
detection operation mode, described later) to the corresponding detector 2 is
generated by the instruction generation unit 19 based on the diagnosis
results, and an instruction based on the diagnosis results is sent to the
corresponding detector 2 by the communications unit 14. Also, when the
operating state of steam trap 1 has been diagnosed as an abnormal state,
referring to the storage unit 17, information including an identification code
and an installation location of the steam trap 1 that is provided in the
detector 2 that is the sending source of detection information, the occurring
abnormality type (such as a steam leakage abnormality or a clogged
abnormality), and the like, is output as an alarm to the output unit 18.
Further, as necessary, a predetermined alarm may also be performed in
which, for example, a manager of a factory, a plant, or the like is notified of
the presence of an abnormal trap 1 by an unshown alarm unit (corresponding
to the alarm unit), or notification of the presence of an abnormal trap 1,
information regarding the cause and remedy of the abnormality, and the like
are sent by the communications unit 14 (corresponding to the alarm unit) to a
communications terminal such as a computer or a portable telephone of a
manager or a management contractor of a factory, a plant, or the like. Also,
when the operating state of steam trap 1 has been diagnosed as an abnormal
state, in order to confirm whether a low temperature abnormality is caused
simply by steam not entering the monitored steam trap 1, the manager
directly checks the valve or the like on the upstream side of the steam trap 1,
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or performs a check by acquiring equipment state information of the
monitored valve or the like.
[0062] Although this equipment monitoring system is configured as
described above, in this equipment monitoring system, furthermore, a
configuration is adopted in which the detector 2, by control of the digital
circuit unit 9, appropriately switches, according to an instruction from the
central management apparatus 3, the detection operations of two detection
operation modes, a simple detection mode in which a momentary detection
operation 1is periodically performed and a detailed detection mode in which a
continuous detection operation is performed, the modes having different
operation times and time intervals of their respective detection operations.
Also, basically, a configuration is adopted in which the detector 2 performs a
detection operation in the simple detection mode and performs a simple
diagnosis by the diagnosis unit 16 of the central management apparatus 3,
and when the result of diagnosis is a state requiring caution in the simple
detection mode (that is, a sign of abnormality has been found), the detection
operation mode of the detector 2 i1s switched to the detailed detection mode,
data 1is intensively collected by a continuous detection operation, and the
operating state of the steam trap 1 is diagnosed in detail. Also, a
configuration is adopted in which, when the diagnosis unit 16 diagnoses the
detection results in the detailed detection mode, a count is performed of a
number of times requiring caution nc, which is the number of times that the
result of diagnosis is a state requiring caution.
[0063] Also, as described later, regarding temperature, the detection results
are less likely to vary, so the central management apparatus 3 serving as the
diagnosis unit is capable of sufficiently reliable diagnosis even if there are few
detection results, and therefore, a configuration is adopted in which a small
number of detection results are input in the simple detection mode, and
temperature is not detected in the detailed detection mode.
[0064] In the simple detection mode and the detailed detection mode, for
example, each detector 2 is set to perform the following operations.
[0065] Simple Detection Mode

(1) At intervals of 1 second (more specifically, with the time interval
of the start time of each detection operation at 1 second intervals), a
momentary detection operation having an operation time in milliseconds is

performed periodically 60 times, and the inputted detection results
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(temperature/vibration) are processed by the digital circuit unit 9 and stored
in the storage unit 13. Here, the input switching switch circuit 8a operates
such that out of the 60 times, detection results of both temperature and
vibration are input only for the first instance of detection operation, and for
the other detection operations, only detection results of vibration are input.

(2) After performing a detection operation 60 times (that is, every
minute), the digital circuit unit 9 calculates a moving average of the 60
detection results of vibration stored in the storage unit 13, and sends the
moving average data as the vibration detection results together with the
temperature detection results to the central management apparatus by the
communications unit 10.

(3) After sending the detection results, the detection results stored
in the storage unit are deleted.

(4) An instruction from the central management apparatus 3 is
awaited, and if there is an instruction from the central management
apparatus 3 to continue the simple detection mode, (1) to (3) are repeated,
and if there i1s an instruction to switch to the detailed detection mode, the
detection operation mode is switched to the detailed detection mode.

[0066] Detailed Detection Mode

(@) The input switching switch circuit 8a performs a continuous
detection operation for 15 seconds, and the detection results (vibration)
inputted to the digital circuit unit 9 are processed by the digital circuit unit 9.
Here, the input switching switch circuit 8a operates such that only the
detection results of vibration are input.

(b) The processed detection results are sent to the central
management apparatus by the communications unit 10.

(c) An instruction from the central management apparatus 3 is
awaited, and if there is an instruction to continue the detailed detection mode,
the detector 2 returns to (a), and if there is an instruction to switch to the
simple detection mode, the detection operation mode is switched to the simple
detection mode.

[0067] Diagnosis of the operating state of a steam trap 1 in this equipment
monitoring system is performed according to the flowchart shown in FIG. 5,
for example. First, in step S1, the detector 2 performs the detection
operation of the simple detection mode and sends the detection results to the
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central management apparatus 3. Thereafter, the process proceeds to step
S2.

[0068] In step S2, the diagnosis unit 16 of the central management
apparatus 3 first performs diagnosis regarding the temperature detection
results among the detection results of the simple detection mode that have
been sent from the detector 2. When diagnosed that the operating state of
the steam trap 1 is an abnormal state based on the temperature detection
results, the process proceeds to step S9. When diagnosed that the operating
state of the steam trap 1 is a normal state based on the temperature
detection results, the process proceeds to step S3.

[0069] In step S3, the diagnosis unit 16 of the central management
apparatus 3 performs diagnosis regarding the vibration detection results
among the detection results of the simple detection mode that have been sent
from the detector 2. When diagnosed that the operating state of the steam
trap 1 1s a normal state based on the vibration detection results, the
instruction generation unit 19 generates an instruction to continue the
simple detection mode, the communications unit 14 sends the generated
Instruction to the corresponding detector 2, and the process returns to step S1.
When diagnosed that the operating state of the steam trap 1 is a state
requiring caution based on the vibration detection results, the process
proceeds to step S4.

[0070] In step S4, the instruction generation unit 19 generates an
instruction to switch from the simple detection mode to the detailed detection
mode, the communications unit 14 sends the generated instruction to the
corresponding detector 2, the number of times requiring caution nc in the
detailed detection mode is set to 0 (nc = 0), and the process proceeds to step
S5.

[0071] In step S5, the detector 2 performs the detection operation of the
detailed detection mode, and those detection results (only regarding
vibration) are sent to the central management apparatus 3. Thereafter, the
process proceeds to step S6.

[0072] In step S6, the diagnosis unit 16 of the central management
apparatus 3 performs diagnosis regarding the vibration detection results that
have been sent from the detector 2 that performs the detection operation of
the detailed detection mode. When diagnosed that the operating state of the
steam trap 1 is a normal state based on the vibration detection results, the
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instruction generation unit 19 generates an instruction to switch from the
detailed detection mode to the simple detection mode, the communications
unit 14 sends the generated instruction to the corresponding detector 2, and
the process returns to step S1. When diagnosed that the operating state of
the steam trap 1 is a state requiring caution based on the vibration detection
results, the process proceeds to step S7.

[0073] In step S7, 1 is added to the number of times requiring caution nc in
the detailed detection mode (nc = nc + 1), and the process proceeds to step S8.
In step S8, if the number of times requiring caution nc after addition is lower
than the number of times of abnormality recognition na (nc < na), the process
returns to step S5, and detection/diagnosis of the detailed detection mode are
repeated. If the number of times requiring caution nc after addition is equal
to the number of times of abnormality recognition na (nc = na), the operating
state of the steam trap 1 is diagnosed to be an abnormal state, and the
process proceeds to step S9.

[0074] In step S9, the instruction generation unit 19 generates an
instruction to stop the detection operation, the communications unit 14 sends
the generated instruction to the corresponding detector 2, and the
above-described alarm is performed.

[0075] As described above, with this equipment monitoring system, although
power consumption 1s basically suppressed by performing a detection
operation in the simple detection mode in which a momentary detection
operation is performed, only in a case where the result of diagnosis in the
simple detection mode is that the operation state is a state requiring caution,
a detection operation is performed in the detailed detection mode in which
power consumption is increased due to a continuous detection operation, so
overall power consumption of the detector is effectively suppressed. Also,
even if reliability of diagnosis is insufficient in the simple detection mode,
ultimately, the detection operation in the detailed detection mode 1is
performed and those detection results are diagnosed in detail, so it is possible
to reliably diagnose whether the operating state of the steam trap 1 is a
normal state or an abnormal state.

[0076] Also, temperature, regarding which detection results are unlikely to
vary, and vibration, regarding which detection results are more likely to vary,
are each diagnosed with different patterns of diagnosis. Regarding
temperature, reliable diagnosis is performed by only diagnosis in the simple
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detection mode, and a detection operation and diagnosis in the detailed
detection mode are omitted, thereby suppressing power consumption.
Regarding vibration, although power consumption is suppressed by basically
performing a detection operation in the simple detection mode, ultimately
diagnosis based on the detection results in the detailed detection mode is
performed, so sufficiently reliable diagnosis is possible. Therefore, even
when respective diagnosis is performed based on the detection results of
temperature and vibration, detector power consumption can be suppressed,
and the operating state of monitored equipment can be reliably diagnosed.
[0077] Other Embodiments

In the above embodiment, the detection results detected by each
detector 2 are sent to the central management apparatus 3, the operating
states of the steam traps 1 are diagnosed by the central management
apparatus 3, switching of the detection operation mode is judged according to
the results of that diagnosis, and switching instructions are sent to each
detector 2. However, this is not a limitation, and a configuration may also
be adopted in which diagnosis of the operating state of the monitored steam
trap 1, and judgment of switching of the detection operation mode, are
performed in the digital circuit unit 9 of the detector 2.
[0078] In this case, the detected detection results and the results of
diagnosis of the operating state of the steam trap 1 can be sent to the central
management apparatus 3 every time detection or diagnosis are performed, or
only when the operating state of the monitored steam trap has been
diagnosed to be an abnormal state. Also, a configuration may be adopted in
which detection results and diagnosis results are cumulatively stored in the
storage unit 13 of the detector 2, and diagnosis results and detection results
are acquired from the storage unit 13 of the detector 2 at an appropriate time
by communications using the central management apparatus 3 or another
mobile terminal. Also, a configuration may be adopted in which an alarm
unit is separately provided in the detector 2, and when the operating state of
the monitored steam trap has been diagnosed to be an abnormal state, an
alarm is issued by the alarm unit.
[0079] The operation time and the time interval of the detection operation in
each detection operation mode, the operation of the input switching switch
circuit 8a (that is, which of temperature and vibration to detect), and the

timing of the communications operation, are not limited to those described in
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the above embodiment, and for example, in the repetition of
detection/diagnosis in the detailed detection mode in steps S5 to S8 in FIG. 5,
the operation time of the detection operation in each repetition may be
appropriately modified as necessary, for example by increasing or decreasing
the operation time.

[0080] In the above embodiment, a configuration is adopted in which, as in
step S6 in the flowchart in FIG. 5, when the operating state of the steam trap
1 1s diagnosed to be a normal state in the repetition of diagnosis in the
detailed detection mode, an instruction to switch from the detailed detection
mode to the simple detection mode is sent to the corresponding detector 2,
and then the process returns to step S1, but this is not a limitation. A
configuration may also be adopted in which, even when the operating state of
the steam trap 1 is diagnosed to be a normal state, continuation of the
detailed detection mode 1is instructed, the process proceeds to step 5, and the
detection operation in the detailed detection mode is continued.

[0081] In this case, when the operating state of the steam trap 1 is diagnosed
to be a normal state, the number of times requiring caution nc may be reset
to 0 (nc = 0). Also, a configuration may be adopted in which the diagnosis
unit 16 counts a number of times of diagnosis n in the detailed detection
mode for each diagnosis, and when the number of times of diagnosis n
reaches a predetermined number of times of diagnosis ending nf before the
number of times requiring caution nc reaches the number of times of
abnormality recognition na in step S7, an instruction to switch from the
detailed detection mode to the simple detection mode is sent to the
corresponding detector 2, and then the process returns to step S1.

[0082] Also, the diagnosis of the operating state of the steam trap 1 in this
equipment monitoring system may be performed according to the flowchart
shown in FIG. 6, for example. Steps S1'to S3' and step S10' in the flowchart
in FIG. 6 are the same as steps S1 to S3 and step S9 in the flowchart in FIG.
5, and steps S4' to S9' are as follows.

[0083] In step S4', the instruction generation unit 19 generates an
instruction to switch from the simple detection mode to the detailed detection
mode, the communications unit 14 sends the generated instruction to the
corresponding detector 2, the number of times of diagnosis n and the number
of times requiring caution nc in the detailed detection mode are set to 0 (n = 0,
nc = 0), and the process proceeds to step S5'.
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[0084] In step S5', the detector 2 performs the detection operation of the
detailed detection mode, and those detection results (only regarding
vibration) are sent to the central management apparatus 3. Thereafter, the
process proceeds to step S6'.

[0085] In step S6', the diagnosis unit 16 of the central management
apparatus 3 performs diagnosis regarding the vibration detection results that
were sent from the detector 2 that performs the detection operation in the
detailed detection mode. In step S6', when the operating state of the steam
trap 1 has been diagnosed to be a normal state, the process proceeds to step
S7a', 1 is added to the number of times of diagnosis in the detailed detection
mode (n = n + 1), and the process proceeds to step S8'. In step S6', when the
operating state of the steam trap 1 has been diagnosed to be a state requiring
caution, the process proceeds to step S7b', 1 is added to the number of times
of diagnosis n in the detailed detection mode (n = n + 1), 1 is added to the
number of times requiring caution nc in the detailed detection mode (nc = nc
+ 1), and the process proceeds to step S8'.

[0086] In step S8, if the number of times of diagnosis n is less than the
predetermined number of times of diagnosis ending nf (n < nf), the process
returns to step S5', and detection and diagnosis in the detailed detection
mode are repeated. Also, if the number of times of diagnosis n is equal to
the predetermined number of times of diagnosis ending nf (n = nf), the
process proceeds to step S9'.

[0087] In step S9', the number of times requiring caution nc is compared to
the number of times of abnormality recognition na. If the number of times
requiring caution nc is lower than the number of times of abnormality
recognition na (nc < na), the operating state of the steam trap 1 is diagnosed
to be a normal state, the communications unit 14 of the central management
apparatus 3 sends an instruction to switch from the detailed detection mode
to the simple detection mode to the corresponding detector 2, and then the
process returns to step S1. If the number of times requiring caution nc is at
least the number of times of abnormality recognition na (nc > na), the
operating state of the steam trap 1 is diagnosed to be a normal state, and the
process proceeds to step S10'.

[0088] The number of times of abnormality recognition na in the flowchart in
FIG. 5 can be appropriately set as required, and may be set to any number of
1 or more. Regarding also the number of times of abnormality recognition
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na and the number of times of diagnosis ending nf in the flowchart of FIG. 6,
any number of 1 or more may be used as long as the number of times of
abnormality recognition na does not exceed the number of times of diagnosis
ending nf. Note that if the number of times of abnormality recognition na
and the number of times of diagnosis ending nf are both set to 1 in the
flowcharts in FIGS. 5 and 6, diagnosis of a normal state/abnormal state of the
operating state of the steam trap 1 will be performed with one instance of
detection/diagnosis in the detailed detection mode, without repeated
detection/diagnosis in the detailed detection mode.

[0089] In the above embodiment, the pattern of detection operation in the
detector in the detailed detection mode is such that a detection operation is
suspended after performing a continuous detection operation for a
predetermined time period, and the detection operation is resumed after an
instruction from the central management apparatus 3. However, this is not
a limitation, and a configuration may also be adopted in which a continuous
detection operation is constantly performed without pausing after a detection
operation.

[0090] A configuration may also be adopted in which in diagnosis of the
operating state of the steam trap 1 in the detailed detection mode, the
operating state of the steam trap 1 is diagnosed to be an abnormal state when
the detection results are always abnormal values during the continuous
detection operation for a fixed time in the detector 2, and the operating state
of the steam trap 1 is diagnosed to be an abnormal state when the detection
results returned to a normal value during the continuous detection operation.
[0091] In the above embodiment, the monitored equipment of this equipment
monitoring system is a steam trap, this is not a limitation, and the monitored
equipment may be a valve, a pump, a turbine, a heat exchanger, a tank, or
the like, and the present disclosure is applicable to monitoring of various
equipment.

[0092] In the above embodiment, a total of two detectors 2 are provided on
the entrance side and the exit side of the connecting member 5, but this is not
a limitation, and a single detector 2 may be provided on any one of the
entrance side and the exit side of the connecting member 5.

[0093] In the above embodiment, the detector 2 includes both the
temperature sensor 6 and the vibration sensor 7 as sensors, but this is not a

limitation, and a configuration may also be adopted in which only the
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temperature sensor 6 or the vibration sensor 7 is included, or instead, various
sensors such as a pressure sensor, a sound sensor, or the like may be adopted

depending on the monitored equipment or purpose.

Industrial Applicability
[0094] The equipment monitoring system of the present disclosure is
applicable to monitoring of equipment that can be installed in various plants,

factories, or the like in various fields.

Description of Reference Signs

[0095] 1: monitored equipment (steam trap)
2: detector
9: control unit (digital circuit unit)
14: alarm unit (communications unit)

16: diagnosis unit
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CLAIMS

1. An equipment monitoring system having a detector that detects a
physical quantity of a monitored equipment, and a diagnosis unit that
diagnoses an operating state of the monitored equipment based on detection
results by the detector, the equipment monitoring system comprising:

a control unit that switches a detection operation mode of the detector
between a simple detection mode in which the detector periodically performs
a momentary detection operation, and a detailed detection mode in which the
detector performs a continuous detection operation;

wherein the diagnosis unit is configured to, in the simple detection
mode, diagnose whether the operating state of the monitored equipment is a
normal state or a state requiring caution based on the detection results by the
detector, and

the control unit is configured to, in the simple detection mode, when
the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a normal state, maintain the simple detection mode, and
when the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a state requiring caution, switch the detection operation
mode of the detector from the simple detection mode to the detailed detection

mode.

2. The equipment monitoring system according to claim 1,

wherein the diagnosis unit is configured to, in the detailed detection
mode, repeatedly diagnose whether the operating state of the monitored
equipment 1s a normal state or a state requiring caution based on the
detection results by the detector in a predetermined time period, and when
the operating state of the monitored equipment is diagnosed to be a state
requiring caution for a predetermined number of times of abnormality
recognition consecutively in this repetition, diagnose that the operating state

of the monitored equipment is an abnormal state.

3. The equipment monitoring system according to claim 2,

wherein the control unit is configured to, in the repetition of diagnosis
by the diagnosis unit in the detailed detection mode, when the diagnosis unit
has diagnosed the operating state of the monitored equipment to be a normal
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state, switch the detection operation mode of the detector from the detailed

detection mode to the simple detection mode.

4, The equipment monitoring system according to claim 1,

wherein the diagnosis unit is configured to, in the detailed detection
mode, repeatedly diagnose whether the operating state of the monitored
equipment is a normal state or a state requiring caution based on the
detection results by the detector in a predetermined time period, and when,
after a predetermined number of times of diagnosis have been performed in
this repetition, a number of times that the operating state of the monitored
equipment has been diagnosed to be a state requiring caution is at least a
predetermined number of times of abnormality recognition, diagnose that the
operating state of the monitored equipment is an abnormal state.

5. The equipment monitoring system according to any one of claims 1 to
4,

wherein the detector is configured to be capable of detecting a
physical quantity of a first group and a physical quantity of a second group,

the diagnosis unit is configured to, in the simple detection mode,
diagnose whether the operating state of the monitored equipment is a normal
state or an abnormal state regarding the physical quantity of the first group,
and when the diagnosis unit has diagnosed the operating state of the
monitored equipment to be a normal state regarding the physical quantity of
the first group, diagnose whether the operating state of the monitored
equipment 1s a normal state or a state requiring caution regarding the
physical quantity of the second group, and

the control unit is configured to, in the simple detection mode, when
the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a normal state regarding the physical quantity of the second
group, maintain the simple detection mode, and when the diagnosis unit has
diagnosed the operating state of the monitored equipment to be a state
requiring caution regarding the physical quantity of the second group, switch
the detection operation mode of the detector from the simple detection mode
to the detailed detection mode.

6. The equipment monitoring system according to claim 5,
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wherein the diagnosis unit is configured to, in the simple detection
mode, regarding the physical quantity of the first group, diagnose the
operating state of the monitored equipment based on detection results in one
instance of detection operation, and regarding the physical quantity of the
second group, diagnose the operating state of the monitored equipment based
on a moving average of detection results in a plurality of instances of

detection operation.

7. The equipment monitoring system according to claims 5 or 6,
wherein the physical quantity of the first group includes temperature.

8. The equipment monitoring system according to any one of claims 5 to
7,
wherein the physical quantity of the second group includes ultrasonic

vibration or sound.

9. The equipment monitoring system according to any one of claims 1 to
8,

wherein the diagnosis unit is configured to diagnose the operating
state of the monitored equipment based on a size relationship of detection

results to a predetermined threshold value.

10. The equipment monitoring system according to any one of claims 1 to
9,

wherein the threshold value is set to a maximum value or a minimum
value of detection results that can be detected by the detector in test

operation of the detector.

11. The equipment monitoring system according to any one of claims 1 to
10,

wherein the threshold value is set for each detector based on a range
of variation in detection results that were detected in a fixed period in initial
operation of the detector.

12. The equipment monitoring system according to claim 11,
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wherein the threshold value is updated at an appropriate time for
each detector based on a range of variation in detection results that were

detected in a fixed period during operation of the detector.

13. The equipment monitoring system according to any one of claims 1 to
12, comprising an alarm unit that issues an alarm when the operating state
of the monitored equipment has been diagnosed to be an abnormal state by
the diagnosis unit.

14. An equipment monitoring program causing a detector to detect a
physical quantity of a monitored equipment, and causing a diagnosis unit to
diagnose an operating state of the monitored equipment based on detection
results by the detector, the equipment monitoring program comprising:

causing the detector to perform a detection operation of a simple
detection mode in which a momentary detection operation is periodically
performed; and

causing the diagnosis unit to diagnose whether the operating state of
the monitored equipment is a normal state or a state requiring caution based
on the detection results by the detector;

wherein when the diagnosis unit has diagnosed the operating state of
the monitored equipment to be a normal state, the simple detection mode is
maintained and the detector is caused to perform a detection operation, and
when the diagnosis unit has diagnosed the operating state of the monitored
equipment to be a state requiring caution, the detection operation mode of the
detector is switched from the simple detection mode to a detailed detection
mode in which a continuous detection operation is performed and the detector

1s caused to perform a detection operation.

15. An equipment monitoring method of detecting a physical quantity of
a monitored equipment with a detector, and diagnosing an operating state of
the monitored equipment based on detection results by the detector, the
equipment monitoring method comprising:

performing, with the detector, a detection operation of a simple
detection mode in which a momentary detection operation is periodically
performed; and
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diagnosing whether the operating state of the monitored equipment is
a normal state or a state requiring caution based on the detection results by
the detector;

wherein when the operating state of the monitored equipment has
been diagnosed to be a normal state, the simple detection mode is maintained
and a detection operation is performed by the detector, and when the
operating state of the monitored equipment has been diagnosed to be a state
requiring caution, the detection operation mode of the detector is switched
from the simple detection mode to a detailed detection mode in which a
continuous detection operation is performed and a detection operation is

performed by the detector.
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