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DESCRIPTION

MONITORING SYSTEM, MONITORING METHOD AND MONITORINGPROGRAM
FOR STEAM-USING FACILITY

Technical Field
[0001] The present invention relates to a monitpsgstem, a monitoring method, and a
monitoring program for monitoring a steam-usinglitgc

Background Art

[0002] If a steam-using device breaks down in amstasing facility that is constituted by
the steam-using device, the steam-using devicesntedbe repaired or replaced, and
operation of the steam-using facility needs totbpped for the repair or replacement, and
accordingly, a repair cost or a replacement cosnégsirred, and a profit that would
otherwise be made by operating the steam-usintityaeill be lost, which may result in a
huge loss. This is because a steam-using fadligommonly designed so as to operate
stably as a result of the temperature and the ymeesd steam being maintained within
predetermined control ranges during the operaton, if the operation of the facility is
stopped by stopping steam supply, a long time dacha amount of labor may be required
until the temperature and the pressure reach #def@rmined control ranges when the
operation of the facility is resumed.

[0003] In view of the above nature, steam-usingaisvare continuously operated as far
as possible. In terms of maximizing production appaties, ideally, it is preferable that
the facility is stopped only when the facility itasbe stopped due to external factors such
as periodic maintenance and a long vacation, aadfatility is continuously operated
during other periods. Accordingly, maintenance saghepair and replacement of devices,
for which the facility needs to be stopped, is @rably performed only during a scheduled
stop period for periodic maintenance or the likeoider to operate the facility as described
above, it is necessary to find a sign of an abnlityria a device before the abnormality
becomes serious.

[0004] For example, JP 2015-222054A (Patent Doctirhediscloses a technology for
detecting the state of a steam control deviceishptovided in a steam pipe attached to a
steam-using device, and estimating operation dondibf the steam-using device based on
the state. With this technology, it is possibled&iect an abnormality in the operation
conditions of the steam-using device beforeharalstage in which an abnormality occurs
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in the steam control device, before a stage in hvhiproblem occurs in the steam-using
device.

Prior Art Documents
Patent Documents
[0005] Patent Document 1: JP 2015-222054A

Disclosure of the Invention

Problem to be Solved by the Invention

[0006] However, in the technology disclosed in Rea@ocument 1, the state of the steam
control device needs to be detected, and the sgeedponse to a sign of an abnormality
may not be sufficiently high.

[0007] Therefore, there is a demand for realizimgamitoring system that can find a sign
of an abnormality earlier.

Means for Solving Problem

[0008] A monitoring system according to the presaméntion is a monitoring system
configured to monitor a steam-using facility thatludes a steam supply unit that is
supplied with steam, a steam-using unit that uggglied steam, and a steam discharge unit
that discharges steam after use, the monitoringmsymcluding: a temperature sensor that
is a trap temperature sensor configured to deteaahperature of a steam trap provided in
the steam discharge unit and/or a steam temperagmsor configured to detect a
temperature of steam flowing into the steam traf;apressure sensor configured to detect
a pressure of steam flowing into the steam tragrerh the monitoring system determines
that there is an occurrence of an abnormality siga of the abnormality in the steam trap
when (i) a temperature detection value obtainethéyemperature sensor and/or statistical
temperature data obtained by performing statisticatessing on the temperature detection
value deviates from a predetermined criterion thfeamd (ii) a pressure detection value
obtained by the pressure sensor and/or statigiresisure data obtained by performing
statistical processing on the pressure detectilue vheviate from a predetermined criterion
thereof.

[0009] A monitoring method according to the presermention is a monitoring method
for monitoring a steam-using facility that includesteam supply unit that is supplied with
steam, a steam-using unit that uses supplied staath,a steam discharge unit that
discharges steam after use, the monitoring metddding: a temperature detection step
of detecting a temperature of a steam trap providdtle steam discharge unit and/or a
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temperature of steam flowing into the steam trapressure detection step of detecting a
pressure of steam flowing into the steam trap;aaddtermination step of determining that
there is an occurrence of an abnormality or asfghe abnormality in the steam trap when
() a temperature detection value obtained inéhgperature detection step and/or statistical
temperature data obtained by performing statigticatessing on the temperature detection
value deviates from a predetermined criterion thfeadd (ii) a pressure detection value
obtained in the pressure detection step and/oistatal pressure data obtained by
performing statistical processing on the pressueteation value deviates from a
predetermined criterion thereof.

[0010] A monitoring program according to the présewention is a monitoring program
for monitoring a steam-using facility that includesteam supply unit that is supplied with
steam, a steam-using unit that uses supplied staath,a steam discharge unit that
discharges steam after use, the monitoring progransing a computer to execute: a
temperature detection function for detecting a aignom a trap temperature sensor
configured to detect a temperature of a steamprapided in the steam discharge unit
and/or a steam temperature sensor configured éotdetemperature of steam flowing into
the steam trap; a pressure detection functiondteating a signal from a pressure sensor
configured to detect a pressure of steam flowing the steam trap; and a determination
function for determining that there is an occureemf an abnormality or a sign of the
abnormality in the steam trap when (i) a tempeeati@tection value obtained by executing
the temperature detection function and/or stadistiemperature data obtained by
performing statistical processing on the tempeeatdetection value deviates from a
predetermined criterion thereof and (ii) a pressietection value obtained by executing the
pressure detection function and/or statisticalqunesdata obtained by performing statistical
processing on the pressure detection value deWratesa predetermined criterion thereof.
[0011] With these configurations, it is possiblgogsform repair, inspection, or the like on
a device as a preventive measure before an abniyrmahe device becomes serious and
the steam-using facility has to be stopped. Inqaar, the temperature and the pressure of
steam respond to an abnormality in the device ngoiiekly than physical quantities
(temperature, vibration, etc.,) relating to theastetrap itself, and therefore, a sign of the
abnormality can be found earlier than when a cainwegl monitoring system is used.

[0012] The following describes preferable aspetth® present invention. However, the
scope of the present invention is not limited bg fhllowing examples of preferable
aspects.

[0013] It is preferable that in one aspect, the itodng system according to the present
invention determines that there is an occurren@aibnormality or there is a sign of the
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abnormality in a steam supply valve that is prodidethe steam supply unit when (i) the
pressure detection value and/or the statisticaispre data deviates from a predetermined
criterion thereof and (ii) the temperature detectialue and the statistical temperature data
satisfy predetermined criteria thereof.

[0014] With this configuration, it is possible tmd a sign of an abnormality relating to
the steam supply valve, in addition to the steap.tAccordingly, it is possible to infer
what kind of abnormality is occurring in which paftthe steam-using facility, with high
accuracy, and therefore, appropriate maintenance bea performed with ease and
production opportunities are unlikely to be lost.

[0015] It is preferable that in one aspect, the itodng system according to the present
invention further includes an abnormality notifioatunit that can notify a manager of the
steam-using facility of occurrence of an abnormpaliben it is determined that there is an
occurrence of the abnormality or there is a siginefabnormality.

[0016] With this configuration, the manager can iedliately recognize the occurrence or
the sign of the abnormality, and therefore, pradancbpportunities are further unlikely to
be lost.

[0017] 1t is preferable that in one aspect, in thenitoring system according to the
present invention, the steam trap includes an ationtleaning mechanism that can
automatically remove a clogging material generateithe steam trap, and the monitoring
system operates the automatic cleaning mechanisi dptermining that there is an
occurrence of an abnormality or a sign of the afadity in the steam trap.

[0018] With this configuration, the abnormality tive sign of the abnormality can be
solved without manual maintenance being performadd therefore, production
opportunities are further unlikely to be lost.

[0019] Further features and advantages of the piréseention will be clarified by the
description of exemplary and non-limiting emboditsegiven below with reference to the
drawings.

Brief Description of the Drawings
[0020] FIG. 1 is a configuration diagram of a monitg system according to an
embodiment of the present invention and a steanguacility.

FIG. 2 is a configuration diagram of the monitgrinystem according to an
embodiment of the present invention.

FIG. 3 is an example of a temperature trend gvdpn the steam-using facility is
operating normally.

FIG. 4 is an example of a pressure trend grapmuihe steam-using facility is
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operating normally.

FIG. 5 is an example of a temperature trend gimjghcase where an abnormality
occurs in a steam trap.

FIG. 6 is an example of a pressure trend gragtharcase where an abnormality
occurs in the steam trap.

FIG. 7 is an example of a temperature trend gimjghcase where an abnormality
occurs in a control valve.

FIG. 8 is an example of a pressure trend graptharcase where an abnormality
occurs in the control valve.

Best Mode for Carrying out the Invention
[0021] An embodiment of a monitoring system, a rwimg method, and a monitoring
program according to the present invention wiltlescribed with reference to the drawings.
The following describes, as an example, a methodnfmitoring a steam-using facility 2
by using a monitoring system 1 to which the momupisystem according to the present
invention is applied. Note that the monitoring peog according to the present invention is
installed in the monitoring system 1.
[0022] In the claims, specification, drawings, alastract of the present application, a
“steam-using facility” means a facility that op@sby consuming energy of steam, such as
a device that is driven by kinetic energy takenfaarh steam or a device that heats a target
object by consuming thermal energy of steam. Exasnpl steam-using facilities include a
steam turbine, a hot-water generation unit, a presshine, an autoclave, a reactor, and a
heater, but there is no limitation to these faesit
[0023] Basic configuration of steam-using facility

First, a configuration of the steam-using facilRythat is monitored by the
monitoring system 1 according to the present enmbexli will be described. The steam-
using facility 2 includes a steam supply unit 24ttis supplied with steam, a steam-using
unit 22 that operates by consuming energy of stemu,a steam discharge unit 23 that
discharges steam after use (FIG. 1). Devices thgbravided in the steam supply unit 21,
the steam-using unit 22, and the steam dischaigg@3iare connected by a steam pipe 24
such that steam can flow therethrough. Also, tearstusing facility 2 includes a facility
control unit 25 that controls operations of tharergteam-using facility 2. In principle, the
steam-using facility 2 is continuously operatedegtcfor a scheduled stop period for
periodic maintenance or the like and unexpecteal priods for performing maintenance
such as repair and replacement of devices.
[0024] The steam supply unit 21 is supplied witrast from a steam supply system (not
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shown) of a plant in which the steam-using facBitig installed, and controls the amount of
steam taken in from the steam supply system byustontrol valve 21a (an example of a
steam supply valve). An opened degree of the dordiee 21a is controlled by the facility
control unit 25. More specifically, the facility ool unit 25 performs feedback control on
the opened degree of the control valve 21a suchdbatrol parameters such as the
temperature and the pressure of steam in the sisgg-unit 22 are within desired ranges.
[0025] Also, a supply side steam temperature se2Hoifor detecting the temperature of
steam taken in from the steam supply system isigedvin the steam supply unit 21. A
detection signal of the supply side steam temperatansor 21b is input to the facility
control unit 25, and the facility control unit 2%ntrols the steam-using facility 2
considering the temperature of steam taken intstdaam supply unit 21.

[0026] In the steam-using unit 22, energy of stéaming from the steam supply unit 21
is consumed as heat or motive power for drivingpara-using device 22a. Accordingly, the
temperature and the pressure of steam dischaadlile steam-using unit 22 to the steam
discharge unit 23 are lower than the temperatudetiam pressure of steam taken into the
steam supply unit 21.

[0027] Note that a drive unit (not shown) and vasicsensors (not shown) that are
provided in the steam-using unit 22 are commumncabhnected to the facility control unit
25, and operations of the steam-using unit 22 @nealed by the facility control unit 25.
[0028] The steam discharge unit 23 discharges stessh by the steam-using unit 22 to
the outside of the system, and controls dischafrgjeeosteam using a steam trap 23a. The
steam trap 23a has a mechanism for automaticalgning and discharging drain
accumulated in the steam trap when the amount ofinagated drain exceeds a
predetermined amount, and thereafter automaticddlging again. The steam trap 23a
includes an automatic cleaning mechanism (not shdam automatically removing a
clogging material generated in an orifice portibattconstitutes a steam discharge passage
in the steam trap 23a. Operations of the autoncleming mechanism are controlled by
the monitoring system 1 as described later.

[0029] Also, a discharge side steam temperatursos&3b for detecting the temperature
of steam flowing into the steam trap 23a is pravide the steam discharge unit 23. A
detection signal of the discharge side steam teatyrer sensor 23b is input to the facility
control unit 25, and the facility control unit 2%ntrols the steam-using facility 2
considering the temperature of discharged steamd&tection signal of the discharge side
steam temperature sensor 23b is also input to ateriog and control unit 12 of the
monitoring system 1 and is also used when the wmamit system 1 determines the state of
the steam-using facility 2 as described later.
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[0030] Furthermore, a pressure sensor 11 for detettte pressure of steam flowing into
the steam trap 23a is provided in the steam digehanit 23. A detection signal of the
pressure sensor 11 is input to the monitoring amdtal unit 12 of the monitoring system 1
and is used when the monitoring system 1 deterntineestate of the steam-using facility 2
as described later.
[0031] Basic configuration of monitoring system

Next, a configuration of the monitoring system dcading to the present
embodiment will be described. The monitoring systeimcludes the pressure sensor 11,
the discharge side steam temperature sensor 23kx@nple of a steam temperature
sensor), and the monitoring and control unit 1Z&I11 and 2). As described above, the
pressure sensor 11 and the discharge side stegrartgnre sensor 23b are both provided
in the steam discharge unit 23 and can detectetinpdrature and the pressure of steam
flowing into the steam trap 23a.
[0032] Since a detection value of the discharge sidam temperature sensor 23b is used
for both control of the steam-using facility 2 mered by the facility control unit 25 and
monitoring of the steam-using facility 2 performbgl the monitoring system 1, the
discharge side steam temperature sensor 23b isstitational element of the monitoring
system 1, as well as being a constitutional eleroémihe steam-using facility 2. In this
configuration, a sensor for production managemantaiso be used for monitoring, and
therefore, the number of sensors installed caedgced.
[0033] The monitoring and control unit 12 includesignal input unit 12a, a computation
unit 12b, an abnormality notification unit 12c, laaning control unit 12d, a storage unit
12e, and a display unit 12f. Detection signalshaf tlischarge side steam temperature
sensor 23b and the pressure sensor 11 are inj $tgnal input unit 12a and given to the
computation unit 12b.
[0034] The computation unit 12b determines theesthtthe steam-using facility 2 based
on the detection signals of the discharge siderstemperature sensor 23b and the pressure
sensor 11. More specifically, the computation W8k determines whether or not there is an
abnormality in the steam trap 23a and the contiviev21a.
[0035] When it is determined by the computatiort @b that there is an abnormality in
the steam trap 23a and/or the control valve 2Eaaltmormality notification unit 12c issues
a signal for notifying a manager of the steam-udanglity 2 of the occurrence of the
abnormality. The signal may be a signal that canlibextly recognized by the manager,
such as light or sound, or a signal that contraisramunication device so that the manager
can receive the notification using means suchpmae or an e-mail.
[0036] Also, when it is determined by the compotatiunit 12b that there is an
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abnormality in the steam trap 23a, the cleaningrabuanit 12d issues a signal for operating
the automatic cleaning mechanism provided in thansttrap 23a. The signal is input to the
steam trap 23a and the automatic cleaning mechamsnates.
[0037] Information that is handled by the monitgrsystem 1, such as detection signals
of the discharge side steam temperature sensoari8lthe pressure sensor 11, which are
input to the signal input unit 12a, and informatgenerated by the computation unit 12b
through computation, is accumulated in the stoenifel 2e.
[0038] Also, in the present embodiment, currenui@aland history values of detected
temperature and detected pressure, various typsatitical data, and various other types
of information are displayed in the display unif,12nd the manager of the steam-using
facility 2 can check these types of informatiorappropriate.
[0039] Typical abnormality in steam-using facility

Here, as a premise for describing a method fardening the occurrence of an
abnormality in the steam-using facility 2, two tgli abnormalities that may occur in the
steam-using facility 2 will be described.
[0040] First, a clogging abnormality in the steaapt23a will be described. Steam that
circulates through a steam plant may contain intipariforeign matters, and substances
that fall off or are eluted from constitutional mlents thereof such as pipes or the like. Such
substances are likely to be deposited and accuenulahe steam trap 23a that is disposed
at a terminal end portion of a piping system, amdparticularly likely to be deposited and
accumulate in the orifice portion constituting tsteam discharge passage. The orifice
portion is formed to be narrow in order to pregissbntrol opening and closing of the
steam trap 23a, and therefore, foreign mattersrgekein the orifice portion may hinder
smooth discharge of drain. More specifically, wierign matters are slightly generated,
discharge of drain becomes unstable, and whergforaatters are significantly generated,
the orifice portion is completely clogged and thairl is not discharged. Here, in the state
where discharge of drain is unstable, typicallg fbllowings are repeated: the drain is
accumulated more than a predetermined amount @ekfgnthe steam trap 23a, and when
the clogging is temporarily solved for some reasbe,drain is discharged and then again
accumulated more than the predetermined amount.
[0041] When the clogging abnormality occurs in gteam trap 23a, the temperature of
the steam trap 23a becomes lower than that dudngail operation as a result of the drain
being accumulated more than the predetermined anmotine steam trap 23a. Under the
influence of this, the temperature of steam flowimgo the drain also decreases.
Furthermore, the pressure of steam inside the gbga@n24 increases because the drain is
not discharged within the assumption.



10

15

20

25

30

35

[0042] Next, an abnormality in the control valvea2Will be described. As described
above, feedback control is performed by the fgatdntrol unit 25 on the opened degree of
the control valve 21a such that control parametigeh as the temperature and the pressure
of steam in the steam-using unit 22 are withinrddsianges. Here, the control valve 21a is
constituted by a mechanical valve such as a glaiee\or a gate valve. Accordingly, if a
mechanical component constituting the control véla deteriorates due to corrosion,
wear, or the like, the control valve 21a may nottetrolled as calculated. For example, if
a movable portion of the control valve 21a hasooed and opening and closing operations
of the control valve 21a are not smoothly perfornveien a signal indicating an instruction
for opening or closing the valve is received frdwa facility control unit 25, response of an
actual valve opening operation or an actual valvsirny operation is delayed. As a result, a
fluctuation range of the pressure of steam indidesteam pipe 24 increases. On the other
hand, instantaneous values and a fluctuation rahtfee temperature of the steam do not
change much from those during normal operation.
[0043] Monitoring method according to the presenbediment

In view of the typical abnormalities described \aathe presence or absence of
abnormalities presently occurring in the steam 23g and the control valve 21a and signs
of such abnormalities can be detected based otetmegerature and the pressure of steam
flowing into the steam trap 23a. For this purpdle, monitoring system 1 continuously
monitors the steam-using facility 2 irrespectivewdfether the steam-using facility 2 is
operating or stopped. In particular, the monitoraygtem always continues detecting the
temperature and the pressure of steam flowinghhetateam trap 23a.
[0044] The computation unit 12b generates trencplgga3 (FIGS. 3 to 8) of the
temperature and the pressure based on currens\atdehistory values of detection signals
of the discharge side steam temperature sensoari8lthe pressure sensor 11, which are
input to the signal input unit 12a. Here, when #team-using facility 2 is operating
normally, values of the temperature and the pressuwe kept at values that satisfy
predetermined reference value ranges (exampleprefi@termined criterion). Accordingly,
both a temperature trend graph 31a and a pressack graph 32a are curves that extend
substantially flat. In the trend graphs 3a (theperature trend graph 31a and the pressure
trend graph 32a) shown in FIGS. 3 and 4, the teatyer is stable around 180°C and the
pressure is stable around 0.9 MPa.
[0045] FIGS. 5 and 6 show examples of trend gr&pfteend graphs 3b) in a case where
the clogging abnormality occurs in the steam trap. 2n a temperature trend graph 31b
(FIG. 5), it can be found that the temperaturetesiato gradually decrease from around
December 11 and decreased to about 160°C aroureribec 16. Also, it can be found that
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the fluctuation range of the temperature after bdxr 16 is larger than the fluctuation
range of the temperature before December 11. Iii@udin a pressure trend graph 32b
(FIG. 6), it can be found that the pressure stattedradually increase from around
December 11, and the fluctuation range of the preggradually increased.

[0046] As described above, the behaviors of thepegature and the pressure shown in
the trend graphs 3b correspond to the above-deddibhaviors that can be seen in a case
where the clogging abnormality occurs in the stéam23a. Accordingly, the computation
unit 12b determines that the clogging abnormaléy €xample of an abnormality) is
occurring in the steam trap 23a when a trend op&eature detection values (an example
of statistical temperature data obtained by peifogrstatistical processing on temperature
detection values) obtained by the discharge siel@nsttemperature sensor 23b shows a
reduction of a median value and an increase offltltuation range (an example of
deviating from a predetermined criterion) and adref pressure detection values (an
example of statistical pressure data obtained byonpeing statistical processing on
pressure detection values) obtained by the pressus®or 11 shows an increase of a median
value and an increase of the fluctuation range €aample of deviating from a
predetermined criterion). More specifically, prenigtined reference value ranges are set
for the median values and the fluctuation rangeth@ftemperature and the pressure, and
when both the temperature and the pressure ddxaatethe reference value ranges, it is
determined that there is an occurrence of an atalityror a sign of the abnormality in the
steam trap 23a.

[0047] FIGS. 7 and 8 show examples of trend gr&pfteend graphs 3c) in a case where
adhesion occurs in the control valve 21a due toosmm. In a pressure trend graph 32c
(FIG. 8), it can be found that the fluctuation rarzd the pressure gradually increased from
around December 16. On the other hand, a temperand graph 31c (FIG. 7) shows
behavior that is almost constant throughout themgeshown in the graph.

[0048] As described above, the behaviors of thepegature and the pressure shown in
the trend graphs 3c correspond to the above-deddobhaviors that can be seen in a case
where opening and closing operations of the contible 21a are not smoothly performed.
Accordingly, the computation unit 12b determinest thn abnormality is occurring in the
control valve 21a when a trend of pressure detectamlues (an example of statistical
pressure data obtained by performing statisticatgssing on pressure detection values)
obtained by the pressure sensor 11 shows an iecoédise fluctuation range (an example
of deviating from a predetermined criterion), birtesnd of temperature detection values (an
example of statistical temperature data obtainegdayorming statistical processing on
temperature detection values) obtained by the digehside steam temperature sensor 23b

10
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Is substantially the same as that during normalabipa (an example of satisfying a
predetermined criterion). In this case as well, angpecifically, predetermined reference
value ranges are set for the median values arftlittteation ranges of the temperature and
the pressure, and when only the pressure deviaies the reference value ranges, it is
determined that there is an occurrence of an atalityror a sign of the abnormality in the
control valve 21a.
[0049] Conventionally, abnormalities relating teasnh control devices such as the steam
trap 23a and the control valve 21a are detecteddbas detection values of physical
quantities such as the temperature and vibratiaheotevices, or visual inspection. The
monitoring system 1 according to the present enmbexli is characterized in that the
monitoring system determines occurrence or signgbabrmalities relating to the steam
control devices based on the temperature and éssyme of steam that flows through these
devices, rather than physical quantities relatm¢hese devices. The temperature and the
pressure of steam fluctuates more sensitively phgsical quantities relating to the devices,
and accordingly, signs of abnormalities in the dewican be found even when the signs are
small. In particular, through intensive studiesg thventor of the present invention first
found that the pressure of steam responds evewexy alight abnormality.
[0050] Therefore, it is possible to perform repiaspection, or the like on the devices as
a preventive measure before an abnormality in éwecds becomes serious and the steam-
using facility 2 has to be stopped. Accordinglys ipossible to schedule maintenance of the
devices for a scheduled stop period for periodinteaance or the like, and maximize
opportunities of production performed using theaustaising facility 2.
[0051] Other embodiments

Lastly, other embodiments of the monitoring systdra monitoring method, and
the monitoring program according to the presenemtion will be described. Note that
configurations disclosed in each of the followingb®diments can also be applied in
combination with configurations disclosed in théhest embodiments so long as no
contradiction is incurred.
[0052] In the above embodiment, an example is destrin which the monitoring
system 1 is configured to be able to determineroenae or signs of abnormalities relating
to the steam trap 23a and the control valve 2laveer, there is no limitation to this
configuration, and the monitoring system accordiogthe present invention may be
configured to be able to determine only occurresrca sign of an abnormality relating to
the steam trap.
[0053] In the above embodiment, an example is destrin which the monitoring
system 1 is configured to be able to determine roecoe or a sign of an abnormality

11
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relating to the steam trap 23a based on a detesigral of the discharge side steam
temperature sensor 23b. However, there is no homiato this configuration, and the
monitoring system according to the present inventiay also be configured to be able to
determine occurrence or a sign of an abnormalisting to the steam trap based on a
detection signal of a trap temperature sensordittacts the temperature of the steam trap.
That is, in the monitoring system according to ghesent invention, a temperature sensor
may be the trap temperature sensor and/or the $ésaperature sensor.

[0054] In the above embodiment, an example is destrin which the monitoring
system 1 is configured to be able to determineroenage or signs of abnormalities relating
to the steam trap 23a and the control valve 21ladban trends of temperature detection
values and pressure detection values. Howeveg thero limitation to this configuration,
and the monitoring system according to the praseention may be configured to be able
to determine occurrence or signs of abnormalitgsed on the temperature detection values
and the pressure detection values. Also, in a wésee statistical temperature data and
statistical pressure data that are obtained byogmeifig statistical processing on the
temperature detection values and the pressuredidatgalues are used, it is possible to use
statistical data that is extracted using a suitai@¢hod, such as a standard deviation, the
mode, the maximum value, or the minimum value, el as the trend, median value, and
fluctuation range described in the above embodim®monfiguration is also possible in
which detection values are used for either onéheftemperature and the pressure, and
statistical data is used for the other.

[0055] In the above embodiment, an exemplary cordition is described in which the
monitoring system 1 determines occurrence or a efgan abnormality based on the
temperature and the pressure of steam flowinglh@&steam trap 23a. However, there is no
limitation to this configuration, and the monitagirsystem according to the present
invention may additionally use, as a basis fordiermination, a suitable physical quantity
relating to the steam-using facility that is moreth Examples of such a physical quantity
include a steam flow rate, vibration of the steaap,tand a rotational frequency of the
steam-using device, but are not limited to these.

[0056] In the above embodiment, specific exampfethe trend graphs 3 are shown to
describe an example in which the monitoring systasconfigured to be able to determine
occurrence or signs of abnormalities relating eogteam trap 23a and the control valve 21a
based on trends of temperature detection valuep@sdure detection values. However,
information that is used in the monitoring systemsoading to the present invention to
determine occurrence or signs of abnormalities megce information in a form that is
easy for the manager (human) to understand, sutle &a&nd graphs 3 shown in FIGS. 3 to
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8, and is not particularly limited so long as thsimation is in a form that is suitable for
computation processing.

[0057] In the above embodiment, a configurationwinich the monitoring system 1
includes the display unit 12f is described as angte. However, there is no limitation to
this configuration, and the monitoring system aditwy to the present invention may be
configured so as not to include an input/outputt oser interface). However, the
configuration in which the input/output unit (usiterface) is included is preferable
because the manager can easily grasp informattbeasily operate the monitoring system.
[0058] In the above embodiment, a configurationwinich the monitoring system 1
monitors the single steam-using facility 2 is dibsz. However, the monitoring system 1
according to the present invention may monitoruaghity of steam-using facilities 2 at the
same time.

[0059] Inthe above embodiment, a configuratioddscribed as an example in which the
steam supply system that is upstream of the stappiysunit 21 is not a monitoring target
of the monitoring system 1. However, the monitorsygtem 1 according to the present
invention may also monitor the steam supply systensupplies steam to the steam-using
facility, in addition to the steam-using facility.

[0060] In the above embodiment, a configuratiowlmich the steam trap 23a includes the
automatic cleaning mechanism is described as ang&aHowever, there is no limitation
to this configuration, and a configuration is gh&ssible in which the steam trap provided
in the steam-using facility monitored by the monmitg system according to the present
invention does not include the automatic cleanirgcimanism. For example, in a case
where the steam trap includes, instead of the attornleaning mechanism, a manual
cleaning mechanism that can be operated to remal@gging material generated in the
orifice portion, the manual cleaning mechanism rbayoperated by a worker who is
instructed by the manager who recognized the cexoeror a sign of an abnormality.

[0061] With regard to the other configurations adlwt should be understood that the
embodiments disclosed in the present specificatienexamples in all aspects, and the
scope of the present invention is not limited by #émbodiments. It should be easy for a
person skilled in the art to understand that itp@ssible to apply modifications as
appropriate without departing from the gist of finesent invention. Therefore, as a matter
of course, other embodiments that are modified auittdeparting from the gist of the
present invention are included in the scope optkseent invention.

Industrial Applicability
[0062] The present invention can be used to mosteEam-using devices such as a steam
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turbine, a hot-water generation unit, a press magclain autoclave, a reactor, and a heater.

Description of Reference Signs

[0063]

1: Monitoring system

11: Pressure sensor

12: Monitoring and control unit
12a: Signal input unit

12b: Computation unit

12c: Abnormality notification unit
12d: Cleaning control unit

12e: Storage unit

12f: Display unit

2: Steam-using facility

21: Steam supply unit

21a: Control valve

21b: Supply side steam temperature sensor
22: Steam-using unit

22a: Steam-using device

23: Steam discharge unit

23a: Steam trap

23b: Discharge side steam temperature sensor
24: Steam pipe

25: Facility control unit

3: Trend graph

31: Temperature trend graph
32: Pressure trend graph

14



10

15

20

25

30

35

We claim that;

1. A monitoring system configured to monitor a steam-using facility that includes a
steam supply unit that is supplied with steam, a steam-using unit that uses supplied steam,
and a steam discharge unit that discharges steam after use, the monitoring system
comprising:

a temperature sensor that is a trap temperature sensor configured to detect a
temperature of a steam trap provided in the steam discharge unit and/or a steam temperature
sensor configured to detect a temperature of steam flowing into the steam trap; and

a pressure sensor configured to detect a pressure of steam flowing into the steam
trap, wherein

the monitoring system determines that there is an occurrence of an abnormality or
a sign of the abnormality in the steam trap when (i) a temperature detection value obtained
by the temperature sensor and/or statistical temperature data obtained by performing
statistical processing on the temperature detection value deviates from a predetermined
criterion thereof and (i1) a pressure detection value obtained by the pressure sensor and/or
statistical pressure data obtained by performing statistical processing on the pressure
detection value deviates from a predetermined criterion thereof, and

the monitoring system determines that there is an occurrence of an abnormality or
there is a sign of the abnormality in a steam supply valve that is provided in the steam
supply unit when (1) the pressure detection value and/or the statistical pressure data deviates
from a predetermined criterion thereof and (i1) the temperature detection value and the

statistical temperature data satisfy predetermined criteria thereof.

2. The monitoring system according to claim 1, further comprising
an abnormality notification unit that can notify a manager of the steam-using
facility of occurrence of an abnormality when it is determined that there is an occurrence

of the abnormality or there is a sign of the abnormality.

3. The monitoring system according to claim 1 or 2, wherein

the steam trap includes an automatic cleaning mechanism that can automatically
remove a clogging material generated in the steam trap, and

the monitoring system operates the automatic cleaning mechanism upon
determining that there is an occurrence of an abnormality or a sign of the abnormality in

the steam trap.
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4. A monitoring method for monitoring a steam-using facility that includes a steam
supply unit that is supplied with steam, a steam-using unit that uses supplied steam, and a
steam discharge unit that discharges steam after use, the monitoring method comprising:
a temperature detection step of detecting a temperature of a steam trap provided
in the steam discharge unit and/or a temperature of steam flowing into the steam trap;
a pressure detection step of detecting a pressure of steam flowing into the steam
trap; and
a determination step of
determining that there is an occurrence of an abnormality or a sign of the
abnormality in the steam trap when (i) a temperature detection value obtained in the
temperature detection step and/or statistical temperature data obtained by performing
statistical processing on the temperature detection value deviates from a predetermined
criterion thereof and (ii) a pressure detection value obtained in the pressure detection step
and/or statistical pressure data obtained by performing statistical processing on the pressure
detection value deviates from a predetermined criterion thereof, and
determining that there is an occurrence of an abnormality or there is a
sign of the abnormality in a steam supply valve that is provided in the steam supply unit
when (i) the pressure detection value and/or the statistical pressure data deviates from a
predetermined criterion thereof and (ii) the temperature detection value and the statistical

temperature data satisfy predetermined criteria thereof.

5. A monitoring program for monitoring a steam-using facility that includes a steam
supply unit that is supplied with steam, a steam-using unit that uses supplied steam, and a
steam discharge unit that discharges steam after use, the monitoring program causing a
computer to execute:

a temperature detection function for detecting a signal from a trap temperature
sensor configured to detect a temperature of a steam trap provided in the steam discharge
unit and/or a steam temperature sensor configured to detect a temperature of steam flowing
into the steam trap;

a pressure detection function for detecting a signal from a pressure sensor
configured to detect a pressure of steam flowing into the steam trap; and

a determination function for

determining that there is an occurrence of an abnormality or a sign of the
abnormality in the steam trap when (i) a temperature detection value obtained by executing

the temperature detection function and/or statistical temperature data obtained by
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performing statistical processing on the temperature detection value deviates from a
predetermined criterion thereof and (ii) a pressure detection value obtained by executing
the pressure detection function and/or statistical pressure data obtained by performing
statistical processing on the pressure detection value deviates from a predetermined
criterion thereof, and

determining that there is an occurrence of an abnormality or there is a
sign of the abnormality in a steam supply valve that is provided in the steam supply unit
when (i) the pressure detection value and/or the statistical pressure data deviates from a
predetermined criterion thereof and (ii) the temperature detection value and the statistical

temperature data satisfy predetermined criteria thereof.
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