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DESCRIPTION

Title of Invention

CONDITION ANALYZING DEVICE, DISPLAY METHOD, AND PRG5RAM

TECHNICAL FIELD
[0001]
The present invention relates to a condition aiatydevice, a display method,
and a program.
Priority is claimed on Japanese Patent Application2017-019899, filed on

February 6, 2017, the content of which is incorfeaténerein by reference.

BACKGROUND ART

[0002]

In a facility such as a power plant, in order tomor an operation condition of
a device, a current clamp is clamped at a preda@tedrocation of the device, and a
current signal is measured. In this case, a mongalevice performs fast Fourier
transform on the measured current signal, so generate a frequency domain graph of
a current, and displays the frequency domain gtegtexample, refer to Patent
Document 1). A checker observes the displayedirrqy domain graph, and detects
and identifies an abnormality of the device. Sfieally, the checker specifies a
parameter representing a predetermined operatitreafevice on the basis of an
observation result of the frequency domain grapd, specifies an operation condition

associated with the parameter.



10

15

20

25

Citation List
Patent Literature
[0003]

[Patent Document 1] Japanese Patent No. 5828948

DISCLOSURE OF INVENTION
Technical Problem

[0004]

However, reading the frequency domain graph reguskill, and thus it is
difficult for a non-expert to identify a device atition from the frequency domain graph.
The frequency domain graph represents an instamiigreondition of the device, but
how a condition changes from the past conditiamoisrepresented in the frequency
domain graph. Thus, it is difficult to predict anclition change of the device only by
observing the frequency domain graph. According parameter specified from the
frequency domain graph, an operation condition@asted with the parameter can be
specified, but it is difficult to specify a conditi not associated with an individual
parameter.

An object of the present invention is to provideocadition analyzing device, a
display method, and a program capable of easilytifyéng a condition of a target

equipment and a condition change.

Solution to Problem
[0005]

According to a first aspect of the present inv@mtihere is provided a condition
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analyzing device including a current acquisitiofit timat acquires a current signal
flowing through a target equipment; a parametezutation unit that is configured to
calculate values of a plurality of parameters whibbnge due to a condition of the target
equipment and have a correlation between each paeanon the basis of the current
signal at a timing related to a constant period; @adisplay information generating unit
that is configured to generate display informaiimmhich a division line representing a
predetermined threshold value used as a crite@acoindition for the target equipment, a
first graphic representing values of the pluratityparameters related to a certain timing,
and a second graphic representing a variationlakgaof the plurality of parameters
calculated at a different timing are arranged @o@dinate space by axis corresponding
each parameter.

[0006]

According to a second aspect of the present imwenin the condition analyzing
device according to the first aspect, the dispgrmation generating unit is configured
to generate the display information including asprébed message in a case where at
least one value of the plurality of parametersteeldao a different timing exceeds the
threshold value.

[0007]

According to a third aspect, in the condition gmeilg device according to the
first aspect, the display information generating isconfigured to make display form of
the first graphic different from each other betwaerase where at least one value of the
plurality of parameters related to a different timexceeds the threshold value and a
case where the at least one value does not exce¢hdreshold value.

[0008]

According to a fourth aspect, in the conditionlgriag device according to any
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one of the first to third aspects, a conditionha target equipment includes a normal
condition in which the target equipment is nornaal,abnormal condition in which the
target equipment is abnormal, and a caution canrdidrresponding to a condition in
which the condition of the target equipment traosi to the abnormal condition, and the
display information generating unit is configuredgenerate the display information
including a first division line for dividing the mmal condition from the caution

condition and a second division line for dividitg tcaution condition from the abnormal
condition as the division line.

[0009]

According to a fifth aspect, in the condition ayzahg device according to any
one of the first to fourth aspects, the target papeint is a device including a motor
rotating around a rotor and an auxiliary of rotgtmachine along with the rotor, and the
plurality of parameters is a plurality of paramstselected from the group consisting of a
parameter representing an overall condition otanget equipment, a parameter
representing a condition of the rotor, a parameeresenting a misalignment condition
between the rotor and the auxiliary, a paramefesenting an effective value of a
current flowing through the motor, a parameterespnting quality of a power supply
related to the current, and a parameter repreggataondition of the auxiliary.

[0010]

According to a sixth aspect of the present in@mta display method includes
the steps of: acquiring a current signal flowingtlgh a target equipment; calculating
values of a plurality of parameters which change tua condition of the target
equipment and have a correlation between each paganon the basis of the current
signal at a timing related to a constant periotiwtating a variation of values of the

plurality of parameters calculated at a differemirig; and displaying display
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information in which a division line representingh@eshold value used as a criteria of a
condition for the target equipment, a first grapieipresenting values of the plurality of
parameters related to a certain timing, and a segaaphic representing the variation are
arranged on a coordinate space by axis corresppedich parameter.

[0011]

According to a seventh aspect of the present timerthere is provided a
program causing a computer to execute the stegqfiiring a current signal flowing
through a target equipment; calculating values gitigality of parameters which change
due to a condition of the target equipment and lzawerrelation between each parameter,
on the basis of the current signal at a timingteeldo a constant period; calculating a
variation of values of the plurality of parameteadculated at a different timing; and
generating display information in which a divisiime representing a threshold value
used as a criteria of a condition for the targetiggent, a first graphic representing
values of the plurality of parameters related tedain timing, and a second graphic
representing the variation are arranged on a coatelispace by axis corresponding each

parameter.

Advantageous Effects of Invention

[0012]

According to at least one of the aspects, theitiondanalyzing device is
configured to calculate a parameter on the basasonfrrent signal, and generate display
information for displaying the parameter along wathivision line representing a
threshold value. Consequently, it is possiblepecey a condition of a target equipment
on the basis of the displayed information withoawing skill. The condition analyzing

device is configured to generate display informafiar displaying a graphic representing
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a variation of a parameter. Consequently, it ssfjge to recognize transition of a
condition of a target equipment on the basis ofdisplayed information. The condition
analyzing device disposes a graphic representpayameter on a coordinate space with
a plurality of parameters having a correlation lestveach parameter being each taken
as an axis. Consequently, it is possible to specdondition not associated with an
individual parameter by visually recognizing bidssgarameter or a variation of the

parameter.

BRIEF DESCRIPTION OF DRAWINGS

[0013]

FIG. 1 is a schematic diagram showing a configonadf a condition analyzing
system according to a first embodiment.

FIG. 2 is a schematic block diagram showing aigométion of a condition
analyzing device according to the first embodiment.

FIG. 3 is a diagram showing an example of infofarastored in a parameter
storage unit according to the first embodiment.

FIG. 4 is a diagram showing an example of infofarastored in a threshold
value storage unit according to the first emboditmen

FIG. 5 is a flowchart showing a current parametdculation process performed
by the condition analyzing device according toftret embodiment.

FIG. 6 is a flowchart showing a current paramdtsplay process performed by
the condition analyzing device according to thstf@ambodiment.

FIG. 7 is a diagram showing an example of a gragitating a relationship
between a Kl parameter and an Lpole parameter.

FIG. 8 is a diagram showing an example of a gragitating a relationship
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between an IHD parameter and a THD parameter.

FIG. 9 is a diagram showing an example of a gragitating a relationship
between the Lpole parameter and an Lshaft parameter

FIG. 10 is a schematic block diagram showing digaration of a computer

according to at least one embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014]

Hereinafter, with reference to the drawings, stfambodiment will be described
in detail.

FIG. 1 is a schematic diagram showing a configonadf a condition analyzing
system according to the first embodiment.

A condition analyzing system 1 according to thstfembodiment includes a
condition analyzing device 10, a display device®@rget equipment 30, a three-phase
AC power supply 40, power lines 50, and clamp arensedO.

The condition analyzing device 10 according tofitst embodiment displays
information representing a condition of the targgaipment 30 that is an inspection
target on the display device 20. The target eqgair80 according to the first
embodiment is a rotary machine system includest@amapiven by a three-phase AC
power supply, and an auxiliary such as a pumpfanaotated along with a rotor of the
motor. The target equipment 30 is connected tahtee-phase AC power supply 40 via
the power lines 50. The power lines 50 are clanipethe clamp ammeters 60. The
condition analyzing system 1 includes three clammaters 60, and the respective
clamp ammeters 60 clamp different power linesother embodiments, the condition

analyzing system 1 may include one or two clamp aters 60, and may not measure a
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part of current among the three power lines 50e dlamp ammeters 60 measure
magnitudes of currents flowing through the poweedi 50, and output the measured
magnitudes to the condition analyzing device 1@igial signals (current signals). The
condition analyzing device 10 displays informatiepresenting a condition of the target
equipment 30 on the display device 20 on the ladglse current signals received from
the clamp ammeters 60.

[0015]

FIG. 2 is a schematic block diagram showing aigométion of the condition
analyzing device according to the first embodiment.

The condition analyzing device 10 includes a areequisition unit 11, a
parameter calculation unit 12, a parameter stosagel 3, a threshold value storage unit
14, a graph generation unit 15, a transition deteainit 16, and a display control unit 17.

[0016]

The current acquisition unit 11 acquires currégnas that flow to the target
equipment 30 via the power lines 50, from the clampneters 60.

[0017]

The parameter calculation unit 12 calculates \sabfea plurality of parameters
changing depending on a condition of the targetpegent 30 on the basis of the current
signals acquired by the current acquisition unitdtla timing related to a constant period.
Hereinafter, a parameter calculated by the pararsateulation unit 12 will be referred
to as a current parameter. Specific examplesméotiparameters will be described later.
At least two of a plurality of current parameteagcalated by the parameter calculation
unit 12 are parameters having a correlation.

[0018]

The parameter storage unit 13 stores a valuecofrant parameter calculated by
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the parameter calculation unit 12 in associatiaih @icalculation time.

[0019]

The threshold value storage unit 14 stores ahbtds/alue used as a criteria of
a condition for the target equipment 30 with respe@ach current parameter. The types
of conditions of the target equipment 30 accordmthe first embodiment include a
normal condition in which the target equipment 8@a@rmal, an abnormal condition in
which the target equipment 30 is abnormal, anduéiaa condition corresponding to a
condition in which a condition of the target equgmm30 may transition to an abnormal
condition. In other words, the threshold valugage unit 14 stores, with respect to each
current parameter, a first threshold value fordiiv a condition into a normal condition
and a caution condition and a second thresholcevaludividing a condition into a
caution condition and an abnormal condition.

[0020]

The graph generation unit 15 generates a grappemepresenting the current
parameter value calculated by the parameter caionlanit 12 and a variation from the
previous current parameter value to the preseméctiparameter value. The graph
image is a graph in which two current parametevinigaa correlation are expressed on a
longitudinal axis and a transverse axis. A dividioe representing a threshold value
related to each current parameter, a plot (firaplgic) representing values of the two
current parameters, and an arrow (second grappcgsenting a variation are disposed
in the graph image.

[0021]

The transition detection unit 16 detects thatlaesaf each current parameter
changes to exceed a threshold value stored irhtksttold value storage unit 14.

[0022]
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The display control unit 17 generates displaynmfation to be output to the
display device 20 on the basis of the graph scgeeerated by the graph generation unit
and a detection result in the transition detectioih 16. The display control unit 17 is an
example of a display information generating unit.

[0023]

Here, a description will be provided of a currpatameter calculated by the
parameter calculation unit 12 according to the Brabodiment. The parameter
calculation unit 12 according to the first embodimealculates a Kl parameter, an Lpole
parameter, an Lshaft parameter, an Irms paransef@iD parameter, an IHD parameter,
an Lx parameter, and an lub parameter.

[0024]

The Kl parameter is a parameter representing araticondition of the target
equipment 30. The Kl parameter is a Kullback-Leibhformation amount for an
inspection amplitude probability density functid(xj obtained from a current signal and
a reference amplitude probability density varighle) of a reference sine signal
waveform indicating a rated current of the mot8pecifically, the KI parameter is
obtained according to the following Equation (1).

[0025]

[Equation 1]

@),

KI=[" fr(e)log .
[0026]
The Lpole parameter is a parameter representoagdition of the rotor of the

target equipment 30. The Lpole parameter is a matgof a peak of a sideband of a
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current spectrum at a frequency position sepataterdpredetermined frequency with a
current spectrum peak as a center, in a frequgrestisim obtained through frequency
domain transform on a current signal. The sidelrataded to the Lpole parameter is a
sideband that varies due to a pole passing frequefrthe motor.

[0027]

The Lshaft parameter is a parameter representisaglignment conditions of the
rotor and the auxiliary of the target equipment 3bie Lshaft parameter is obtained by
using a magnitude of a peak of a sideband of &ntuspectrum at a frequency position
separated by a predetermined frequency with auspectrum peak as a center, in a
frequency spectrum obtained through frequency dormansform on a current signal.
The sideband related to the Lshaft parameterigedoand that varies due to an actual
rotational frequency of the motor.

[0028]

The Irms parameter is a parameter for monitoringtary machine load and a
condition variation of the target equipment 30.eTtms parameter is a current effective
value that is obtained by dividing a sum of squafesurrent values at respective
sampling timings by the number of sampling timir@sd by obtaining a root thereof.

[0029]

The IHD parameter is a ratio between the maximammlonic component and a
power supply frequency component of a current $igimhe IHD parameter may be
obtained by extracting a harmonic component frornraent signal and dividing the
maximum value of the harmonic component in a presi#dr by a power supply
frequency effective value.

The THD parameter a ratio between all harmonicmaments and a power

supply frequency component of a current signale THD parameter may be obtained
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by extracting harmonic components from a curregiiali and dividing a root of a sum of
squares of the respective harmonic componentspoyvar supply frequency effective
value of the current signal. Both of the IHD paeden and the THD parameter are
parameters representing the quality of the threes@RC power supply 40.

[0030]

The Lx parameter is a parameter representing ditbam of the auxiliary of the
target equipment 30. The Lx parameter is a madeitf a peak of a sideband of a
current spectrum at a frequency position sepatatedpredetermined frequency with a
current spectrum peak as a center, in a frequgrestrsim obtained through frequency
domain transform on a current signal. The sidebeladed to the Lx parameter is a
sideband that varies due to a blade passing fregugfra pump or a blower, a sideband
that varies due to an engagement frequency of radgeéce, a sideband that varies due to
a rotational frequency of a pulley belt, or a seted that varies due to a slip frequency of
a rotor bar.

The Lx parameter indicated by a magnitude of & @éa sideband that varies
due to a blade passing frequency of the pump obltheer will be referred to as an Lbp
parameter. The Lx parameter indicated by a madeiti a peak of a sideband that
varies due to an engagement parameter of the geaedwill be referred to as an Lgz
parameter. The Lx parameter indicated by a madeiti a peak of a sideband that
varies due to a rotational frequency of the pulieit will be referred to as an Lbr
parameter. The Lx parameter indicated by a madeiti a peak of a sideband that
varies due to a slip frequency of the rotor bat el referred to as an Lrs parameter. The
pump, the blower, the gear device, the pulley lagltl the rotor bar are examples of
auxiliaries of the target equipment 30.

[0031]
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The lub parameter is a parameter representing psuypply quality or a
deterioration status of a stator and an invertéheimotor. The lub parameter may be
obtained by dividing a difference between the maxmvalue and the minimum value of
current effective values of three-phase currentagby a sum of the maximum value
and the minimum value. In other words, the lubapaeter is a parameter representing a
three-phase current balance of current signals.

[0032]

The KI parameter increases in a case where atommdif the rotor deteriorates,
and the Lpole parameter decreases in a case wicereldion of the rotor deteriorates.

In other words, the KI parameter and the Lpole patar has a correlation with respect
to a condition of the rotor of the target equipm&Qt

The KI parameter increases in a case where arlanmdgacondition of a shaft
system of the motor deteriorates, and the Lshaétrpater and the various Lx parameters
decrease in a case where an unbalance conditibie shaft system of the motor
deteriorates. In other words, the Kl parametertard_shaft parameter and the various
Lx parameters have a correlation with respect tardalance condition of the shaft
system of the motor of the target equipment 30e Khparameter increases in a case
where a misalignment condition of the shaft systéitine motor deteriorates, and the
Lshaft parameter decreases in a case where agnisadnt condition of the shaft system
of the motor deteriorates. In other words, thgp&tameter and the Lshaft parameter
have a correlation with respect to a misalignmentddion of the shaft system of the
motor of the target equipment 30.

Both of the Kl parameter and the Irms parametereiase in a case where a load
variation condition deteriorates. In other wortthe KI parameter and the Irms parameter

have a correlation with respect to a load variationdition of the target equipment 30.
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The Kl parameter, the THD parameter, the IHD patam and the lub
parameter all increase in a case where a condifithme stator of the motor or power
supply quality deteriorates. In other words, thgpirameter, the THD parameter, the
IHD parameter, and the lub parameter have a ctioelaith respect to a condition of
the stator or power supply quality of the targatipment 30.

Both of the Lpole parameter and the Lshaft paranddcrease in a case where a
condition of the motor deteriorates. In other v@itthe Lpole parameter and the Lshaft
parameter have a correlation with respect to aitondf the rotor of the target
equipment 30.

[0033]

FIG. 3 is a diagram showing an example of infofarastored in the parameter
storage unit according to the first embodiment.

As shown in FIG. 3, for each measurement timetgbat is a timing related to
a constant period (for example, half a day or §,dhg parameter storage unit 13 stores
the measurement time point, the Kl parameter, ffwd parameter, the Lshaft parameter,
the Irms parameter, the THD parameter, the IHDrpatar, the Lx parameter, and the
lub parameter to be associated with each other.

[0034]

FIG. 4 is a diagram showing an example of inforarastored in the threshold
value storage unit according to the first emboditmen

As shown in FIG. 4, the threshold value storagée 1#hstores the range of the
value for a normal condition, the range of the edlr a caution condition, and the range
of the value for an abnormal condition for eachhef KI parameter, the Lpole parameter,
the Lshaft parameter, the Irms parameter, the THiapeter, the IHD parameter, the Lx

parameter, and the lub parameter. A thresholdeviauseparating the range of the value
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for a normal condition from the range of the véiolea caution condition is a first
condition threshold value, and a threshold valueséparating the range of the value for
a caution condition from the range of the valueaierabnormal condition is a second
threshold value. In other words, storing the raoigine value for a normal condition, the
range of the value for a caution condition, andrimge of the value for an abnormal
condition is equivalent to storing the first threkhvalue and the second threshold value.

[0035]

In the first embodiment, the range of the valuesfmormal condition, the range
of the value for a caution condition, and the raofjhe value for an abnormal condition
for each current parameter are as follows. THewahg ranges are only examples, and
are not limited thereto in other embodiments.

[0036]

The range of the value of the KI parameter fooamal condition is less than
1.0. The range of the value of the KI parameteafoaution condition is equal to or
more than 1.0 and less than 1.5. The range ofale of the KI parameter for an
abnormal condition is more than 1.5. In other wgptte first threshold value related to
the Kl parameter is 1.0, and the second threstadleevrelated to the Kl parameter is 1.5.

[0037]

The range of the value of the Lpole parameteafoormal condition is more
than 50 dB. The range of the value of the Lpolaeter for a caution condition is
more than 40 dB and equal to or less than 50 di& r@inge of the value of the Lpole
parameter for an abnormal condition is equal tless than 40 dB. In other words, the
first threshold value related to the Lpole paramist®&0 dB, and the second threshold
value related to the Lpole parameter is 40 dB.

[0038]
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The range of the value of the Lshaft parameteafoormal condition is more
than 50 dB. The range of the value of the Lshafameter for a caution condition is
more than 40 dB and equal to or less than 50 di& r&inge of the value of the Lshaft
parameter for an abnormal condition is equal tless than 40 dB. In other words, the
first threshold value related to the Lshaft paramnet 50 dB, and the second threshold
value related to the Lshaft parameter is 40 dB.

[0039]

The range of the value of the Irms parameter fooranal condition is less than
variation+10%. The range of the value of the Irms paranfetea caution condition is
equal to or more than variatiari0% and less than variatie20%. The range of the
value of the Irms parameter for an abnormal coowlits equal to or more than variation
+20%. In other words, the first threshold valuatet to the Irms parameter is variation
+10%, and the second threshold value related ttrie parameter is variatiat20%.

[0040]

The range of the value of the THD parameter fooamal condition is less than
5%. The range of the value of the THD parameteafoaution condition is equal to or
more than 5% and less than 10%. The range ofahe wf the THD parameter for an
abnormal condition is equal to or more than 10%other words, the first threshold
value related to the THD parameter is 5%, and ¢lgersd threshold value related to the
THD parameter is 10%.

[0041]

The range of the value of the IHD parameter fopamal condition is less than
3%. The range of the value of the IHD parameterafoaution condition is equal to or

more than 3% and less than 5%. The range of tlue v the IHD parameter for an
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abnormal condition is equal to or more than 5%other words, the first threshold value
related to the IHD parameter is 3%, and the setmmghold value related to the IHD
parameter is 5%.

[0042]

The range of the value of the Lx parameter fooamal condition is more than
50 dB. The range of the value of the Lx paramfetea caution condition is more than
40 dB and equal to or less than 50 dB. The rafgigeovalue of the Lx parameter for an
abnormal condition is equal to or less than 40 &Bother words, the first threshold
value related to the Lx parameter is 50 dB, ands#wnd threshold value related to the
Lx parameter is 40 dB.

[0043]

The range of the value of the lub parameter fooranal condition is less than
3%. The range of the value of the lub parameteafcaution condition is equal to or
more than 3% and less than 5%. The range of tlve v the lub parameter for an
abnormal condition is equal to or more than 5%other words, the first threshold value
related to the lub parameter is 3%, and the settardhold value related to the lub
parameter is 5%.

[0044]

Here, a description will be made of an operatibthe condition analyzing
device 10 according to the first embodiment.

FIG. 5 is a flowchart showing a current parametdculation process performed
by the condition analyzing device according toftret embodiment.

The condition analyzing device 10 performs a aurparameter calculation
process for each timing related to a constant geriche current acquisition unit 11 of

the condition analyzing device 10 acquires a cuisgmnal from the clamp ammeter 60



10

15

20

25

18

(step S1). The current acquisition unit 11 accuihe current signal for each sampling
timing, and thus the current signal acquired bydingent acquisition unit 11 indicates a
change of a magnitude of a current in a predetexthperiod. Next, the parameter
calculation unit 12 performs frequency domain tfama on the current signal so as to
generate a frequency domain waveform (step S2nethod of the frequency domain
transform may include FFT.

The parameter calculation unit 12 calculates eectiparameter on the basis of
the current signal acquired step S1 and the frejudomain waveform generated in step
S2 (step S3). The parameter calculation unit &@rds the calculated current parameter
in the parameter storage unit 13 in associatioh thi¢ present time (step S4).

The condition analyzing device 10 performs theenirparameter calculation
process for each timing related to a constant dedand can thus record a time series of
the current parameters in the parameter storage 8ni

[0045]

FIG. 6 is a flowchart showing a current paramdisplay process performed by
the condition analyzing device according to thstfambodiment.

In a case where an instruction for displaying entiparameters is given
according to a user’s operation, the conditionyaia) device 10 receives input of a set
of display target current parameters (step S1hg ifput of a set of current parameters
is performed by receiving the user’s selection faiist of current parameter pairs (for
example, a pair of the Lshaft parameter and thdée_parameter, a pair of the THD
parameter and the IHD parameter, and a pair okthmrameter and the Lx parameter)
having a correlation between each parameter setvance in the condition analyzing
device 10. In other embodiments, the input oftabSeurrent parameters may be

performed by the user inputting any two parameters.
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[0046]

Next, the graph generation unit 15 of the conditimalyzing device 10 draws a
coordinate space with the respective current paenseslated to the selected pair as
axes G1 (step S12). In other words, the graphrgéoe unit 15 draws the axes G1
orthogonal to each other expressing the curremnpeters forming the pair. In the
present embodiment, the term “draw” indicates ¢iaphics are arranged in a virtual
space (virtual plane). Next, the graph generaiimh 15 reads a first threshold value and
a second threshold value associated with eachrtyseeameter related to the selected
pair from the threshold value storage unit 14, dravs a division line G2 (first division
line) representing the first threshold value amtivasion line G2 (second division line)
representing the second threshold value (step SII8).division line G2 representing a
threshold value related to a certain current patame a line parallel to the axis G1
representing the certain current parameter. Nlegtgraph generation unit 15 draws a
plot G3 representing values of the respective otiparameters related to the selected
pair, the values (values after being changed) besogrded last in the parameter storage
unit 13, on the coordinate space (step S14).

[0047]

Next, the graph generation unit 15 draws an af@extending from a
coordinate representing values of the respectimertiparameters related to the selected
pair, the values (values before being changedglbeicorded second from last in the
parameter storage unit 13, to a coordinate reptiegetne values after being changed on
the coordinate space (step S15). In this caséfesethce between a measurement time
point associated with the values before being chdand a measurement time point
associated with the values after being changdteisame as a time related to a constant

period. The arrow G4 becomes longer as the differdoetween the values before being
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changed and the values after being changed inae&s®ther words, the arrow G4
becomes longer as a variation of a current paranmeteeases.

[0048]

Next, the transition detection unit 16 determinéether or not at least one
value of the current parameters related to thetleair changes to exceed the first
threshold value or the second threshold value emésis of the first threshold value and
the second threshold value stored in the threskailee storage unit 14 (step S16). Ina
case where the value of the current parameter elsaiogexceed the first threshold value
or the second threshold value (step S16: YES)gthph generation unit 15 draws a
prescribed message (for example, “a condition eftéinget equipment 30 has changed to
a caution condition”) (step S17). The messagemsicuously displayed until a
predetermined time elapses from a timing at whiehvalue of the current parameter
exceeds the threshold value. In other embodimarisescribed message may be drawn
only in a case where the value of the current patanthanges to exceed the first
threshold value or the second threshold value lamgld condition deteriorates. In other
embodiments, a display form of the plot G3 may laelendifferent instead of drawing a
prescribed message. Examples of a display fortheoplot G3 may include a color of
the plot G3, a size of the plot G3, and the presem@bsence of blinking of the plot G3.

In a case where the value of the current parandei&s not exceed the first
threshold value and the second threshold valup &ié: NO), the graph generation unit
15 does not draw a prescribed message.

[0049]

The display control unit 17 generates displaynmation on the basis of the
graphic drawn by the graph generation unit 15,@rtguts the display information to the

display device 20 (step S18). Consequently, thplay device 20 displays a graph in
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which the division line G2 representing the thrédh@lues of the current parameters,
the plot G3 representing values of the pair ofenrparameters, and the arrow G4
representing a variation of values of the curremameters calculated at different timings
are disposed.

[0050]

FIG. 7 is a diagram showing an example of a giagitating a relationship
between the Kl parameter and the Lpole parameter.

In a case where the user selects a pair of tiEakdmeter and the Lpole
parameter in step S11, a graph as shown in FI&di&gplayed on the display device 20.
According to the graph shown in FIG. 7, it is pbsito determine a condition of the
target equipment 30 on the basis of the K| paranaetd the Lpole parameter. The KI
parameter and the Lpole parameter have a cornelaiith respect to a condition of the
rotor of the target equipment 30. Thus, the uaaraasily check a condition of the rotor
of the target equipment 30 from the graph showrl@®. 7. Specifically, the Ki
parameter increases in a case where a condititre obtor deteriorates, and the Lpole
parameter decreases in a case where a conditibe obtor deteriorates. In other words,
in a case where a condition of the rotor deterewatypically, a position of the plot G3
moves in a lower right direction. On the otherdhan a case where a movement
direction of the plot G3 is not the lower rightetition, it is possible to be determined
that an event that is different from normal detetion in the rotor occurs. In a case
where the user selects a pair of the Kl parameigitlze Lshaft parameter, and in a case
where the user selects the Kl parameter and th@atameter, a graph similar to the
graph shown in FIG. 7 is displayed on the displayice 20.

[0051]

FIG. 8 is a diagram showing an example of a gragitating a relationship
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between the IHD parameter and the THD parameter.

In a case where the user selects a pair of theg&Bmeter and the THD
parameter in step S11, a graph as shown in FI&dBplayed on the display device 20.
According to the graph shown in FIG. 8, it is pbsito determine a condition of the
target equipment 30 on the basis of the IHD paranatd the THD parameter. The IHD
parameter and the THD parameter have a correlatfiinrespect to a condition of the
stator of the motor or power supply quality of taeget equipment 30. Thus, the user
can easily check a condition of the stator of tleéamor power supply quality of the
target equipment 30 from the graph shown in FIGSBecifically, the IHD parameter
and the THD parameter increase in a case wheraditiom of the stator of the motor or
power supply quality deteriorates. In other woidsg case where a condition of the
stator or power supply quality deteriorates, tyllyca position of the plot G3 moves in a
lower right direction. On the other hand, in aecagere a movement direction of the
plot G3 is not the lower right direction, it is sisle to be determined that an event that is
different from normal deterioration in a conditiohthe stator of the motor or power
supply quality occurs.

[0052]

FIG. 9 is a diagram showing an example of a giagitating a relationship
between the Lpole parameter and the Lshaft paramete

In a case where the user selects a pair of thielggrameter and the Lshaft
parameter in step S11, a graph as shown in FI&dBplayed on the display device 20.
According to the graph shown in FIG. 9, it is pbsito determine a condition of the
target equipment 30 on the basis of the Lpole patanand the Lshaft. The Lpole
parameter and the Lshaft parameter have a comelaiith respect to a condition of the

rotor of the target equipment 30. Thus, the uaereasily check a condition of the rotor
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of the target equipment 30 from the graph showil@®. 9. Specifically, the Lpole
parameter and the Lshaft parameter decreasesaseanhere a motor condition
deteriorates. Here, the Lpole parameter and thaft. parameter are parameters that
change according to deterioration in different paftthe motor. Therefore, the user
observes an inclination of a movement directiothefplot G3, and can thus estimate a
location where abnormality occurs in the motor.

[0053]

In a case where a condition of the target equipr@@nndicated by each current
parameter is desired to be checked, the userysnaalessary to check the graph related
to a pair of the Kl parameter and the Lpole paramehe graph related to a pair of the
KI parameter and the Lshaft parameter, the gralalteit to a pair of the Kl parameter
and the Lx parameter, and the graph related torapthe IHD parameter and the THD
parameter. Alternatively, the user may check tiaglg related to a pair of the Lpole
parameter and the Lshaft parameter, the graplecetata pair of the KI parameter and
the Lx parameter, and the graph related to a fpaiveolHD parameter and the THD
parameter.

[0054]

As mentioned above, according to the first embeditnthe condition analyzing
device 10 generates display information in whiahdivision line G2 representing a
threshold value, the plot G3 representing valuesuafent parameters, and the arrow G4
representing a variation of the values of the aurparameters are arranged on a
coordinate space with a plurality of current pareargethat have a correlation with each
other being each taken as an axis. Consequew#y,iethe user does not have skill in
reading of a frequency domain graph, the user eaognize how a condition of the

target equipment 30 changes. As described abowerding to the first embodiment, the
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user can recognize conditions other than conditg@mseciated with the individual current
parameters. In other embodiments, values of cupammeters may be represented by a
graphic other than the plot G3. For example, thevaG4 of the first embodiment is a
graphic representing a variation of a current patam but the head thereof indicates a
value of a current parameter related to a ceraiimg), and thus the arrow G4 can be said
to be a graphic representing the value of the aiparameter. In other embodiments, a
variation of a current parameter may be represdnyealgraphic other than the arrow G4.
For example, a magnitude of a variation of a curpamameter may be displayed in a
chart form, and may be represented by a coloreoptht G3.

[0055]

According to the first embodiment, in a case wharieast one value of a
plurality of parameters related to different timsrexceeds a threshold value, the
condition analyzing device 10 generates displagrmftion including a prescribed
message. Consequently, the user can immediatwdgmeze that a condition of the target
equipment 30 has changed. In other embodimemsahdition analyzing device 10
may make display form of the plot G3 different fre@ch other in cases where at least
one value of a plurality of parameters relatediti@igent timings exceeds a threshold
value and does not exceed the threshold valueh tM& configuration, in the same
manner as in the first embodiment, the user caneidiately recognize that a condition of
the target equipment 30 has changed.

[0056]

As mentioned above, one embodiment has been bdeddr detail with
reference to the drawings, but a specific configanais not limited to the above
configurations, and various design changes mayroccu

For example, the condition analyzing device 1®adiog to the embodiment
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displays a graph related to a pair of current patars on the display device 20, but is
not limited thereto. For example, the conditioalgring device 10 according to other
embodiments may display a high-order graph reladedset of three or more current
parameters on the display device 20.

The condition analyzing device 10 according togh@odiment generates
display information in which the division line G@presenting a threshold value and the
plot G3 representing a value of a current paranstearranged on a coordinate space
with a plurality of current parameters that haweaelation with each other being each
taken as an axis, but is not limited thereto. é@mple, the condition analyzing device
10 according to other embodiments may generatéagispformation representing a
value of a certain current parameter related tertain time point and a variation thereof.
In such embodiments, the user can also recognizeahmondition of the target
equipment 30 changes.

[0057]

The condition analyzing device 10 according toghodiment performs
display control by outputting display informatianthe display device 20 that is directly
connected thereto, but is not limited thereto. &@mple, the condition analyzing
device 10 according to other embodiments may ndbpe display control, and may
record display information on a recording mediuntransmit the display information to
another display device 20 connected thereto viataark.

[0058]

The target equipment 30 according to the embodimsemnrotary machine
system in which the motor and the auxiliary arexealy rotated, but is not limited
thereto. For example, the target equipment 30rdaup to other embodiments may have

a configuration in which the motor and the auxjliare connected to each other via a
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machine system such as a gear device.

[0059]

In the condition analyzing device 10 accordingh embodiment, a condition
of the target equipment 30 is classified into theaegories such as a normal condition,
an abnormal condition, and a caution condition,iduibt limited thereto. For example,
in the condition analyzing device 10 according ttteo embodiments, a condition of the
target equipment may be classified into two categmsuch as a normal condition and an
abnormal condition, and may be classified into fmumore categories.

[0060]

FIG. 10 is a schematic block diagram showing digamation of a computer
according to at least one embodiment.

A computer 90 includes a CPU 91, a main storaged®?2, an auxiliary
storage device 93, and an interface 94.

The condition analyzing device 10 is mounted @dbmputer 90. The
operation of each processing unit is stored iratingliary storage device 93 in the form
of a program. The CPU 91 reads the program framatkxiliary storage device 93,
develops the program on the main storage devicar82performs the process according
to the program. The CPU 91 secures a storagerregiosesponding to each storage unit
in the main storage device 92 according to thenarng

[0061]

Examples of the auxiliary storage device 93 majuitle a hard disk drive
(HDD), a solid state drive (SSD), a magnetic d&skpagneto-optical disc, a compact disc
read only memory (CD-ROM), a digital versatile disad only memory (DVD-ROM),
and a semiconductor memory. The auxiliary stodeace 93 may be an internal

medium directly connected to a bus of the comp@@eiand may be an external medium
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connected to the computer 90 via the interfacer@®ammmunication line. In a case
where the program is delivered to the computeri@@he communication line, the
computer 90 may develop the delivered program emthin storage device 92, and may
perform the process. In at least one embodimieatatixiliary storage device 93 is an
example of a non-transitory medium.

[0062]

The program may realize some of the functionse pitngram may be a so-
called difference file (difference program) reaizithe functions in combination with

another program that is already stored in the muyiktorage device 93.

Industrial Applicability

[0063]

The condition analyzing device, the display mettaowl the program according
to the present specification enable a conditioa tafrget equipment and a condition

change thereof to be easily identified.

Reference Signs List
[0064]
1: CONDITION ANALYZING SYSTEM
10: CONDITION ANALYZING DEVICE
11: CURRENT ACQUISITION UNIT
12: PARAMETER CALCULATION UNIT
13: PARAMETER STORAGE UNIT
14: THRESHOLD VALUE STORAGE UNIT

15: GRAPH GENERATION UNIT
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TRANSITION DETECTION UNIT
DISPLAY CONTROL UNIT

DISPLAY DEVICE

TARGET EQUIPMENT
THREE-PHASE AC POWER SUPPLY
POWER LINE

CLAMP AMMETER

AXIS

DIVISION LINE

PLOT

ARROW
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CLAIMS

What is claimed is:
1. A condition analyzing device comprising:

a current acquisition unit that acquires a cursggal flowing through a target
equipment;

a parameter calculation unit that is configuredatzulate values of a plurality
of parameters which change due to a conditionetdiget equipment and have a
correlation between each parameter, on the basieafurrent signal at a timing related
to a constant period; and

a display information generating unit that is e¢gufed to generate display
information in which a division line representing@edetermined threshold value used as
a criteria of a condition for the target equipmentirst graphic representing values of the
plurality of parameters related to a certain timiaigd a second graphic representing a
variation of values of the plurality of parameteasculated at a different timing are

arranged on a coordinate space by axis corresppedich parameter.

2. The condition analyzing device according taidl 1,
wherein the display information generating unitasfigured to generate the
display information including a prescribed message case where at least one value of

the plurality of parameters related to a diffet@ming exceeds the threshold value.

3. The condition analyzing device according tai@l1 or 2,
wherein the display information generating unikemdisplay form of the first
graphic different from each other between a caserevht least one value of the plurality

of parameters related to a different timing excabdghreshold value and a case where
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the at least one value does not exceed the thikkshhle.

4. The condition analyzing device according tg ane of Claims 1 to 3,

wherein a condition of the target equipment inekid normal condition in
which the target equipment is normal, an abnorraatlition in which the target
equipment is abnormal, and a caution conditionesponding to a condition in which
the condition of the target equipment transitianthe abnormal condition, and

wherein the display information generating unitesfigured to generate the
display information including a first division lirfer dividing the normal condition from
the caution condition and a second division linediwiding the caution condition from

the abnormal condition as the division line.

5. The condition analyzing device according tg ane of Claims 1 to 4,

wherein the target equipment is a device includimgotor rotating around a
rotor and an auxiliary of rotating machine alongivthe rotor, and

wherein the plurality of parameters are a pluyalitparameters selected from
the group consisting of a parameter representirgvarall condition of the target
equipment, a parameter representing a conditidheofotor, a parameter representing a
misalignment condition between the rotor and theliany, a parameter representing an
effective value of a current flowing through thetorgpa parameter representing quality
of a power supply related to the current, and arpater representing a condition of the

auxiliary.

6. A display method comprising the steps of:

acquiring a current signal flowing through a targguipment;
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calculating values of a plurality of parameterscliflchange due to a condition
of the target equipment and have a correlation éetweach parameter, on the basis of
the current signal at a timing related to a corigtenod;

calculating a variation of values of the pluralifyparameters calculated at a
different timing; and

displaying display information in which a divisidine representing a threshold
value used as a criteria of a condition for thgeaequipment, a first graphic
representing values of the plurality of parametelated to a certain timing, and a second
graphic representing the variation are arrangea coordinate space by axis

corresponding each parameter.

7. A program causing a computer to execute gyessof:

acquiring a current signal flowing through a targguipment;

calculating values of a plurality of parameterscliflchange due to a condition
of the target equipment and have a correlation éetweach parameter, on the basis of
the current signal at a timing related to a cortgtanod;

calculating a variation of values of the pluralifyparameters calculated at a
different timing; and

generating display information in which a divisilime representing a threshold
value used as a criteria of a condition for thgeaequipment, a first graphic
representing values of the plurality of parametelated to a certain timing, and a second
graphic representing the variation are arrangea ocoordinate space by axis

corresponding each parameter.



