Description Wre Rope Renote Surveillance System
Technical Field [0001] The present invention relates
to a systemfor performng renote surveillance in
ternms of deterioration or abnormality of a wire rope
used as a running cable. Background Art [0002] Wre
ropes are generally used not only as standi ng cabl es
but al so as running cables in various facilities and
apparatuses. Since thepg $; tgb%h possi bility that
enornous damage wi |l be caused by occurrence of a
widLak, Cﬂeq[%l{e éﬁvéﬂl‘a{?&é tan Lo take measures such
as replacemnment w a new wre rope for safety as
sQon. a terjoration (inclusive of abnormality,
T%ﬁh%ﬁ?%%l l%%%ﬂy to the follow ng description) of a
Wre Qgﬁjarises. . This tendency is particularly
stroﬂg) a wre rope used in a cable way or a dam ,
gate _jn an inﬁorlant facili&y not allowed to be ,
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first and forenost, such as a crane.ship, a ladle )
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- [0003] Although periodical jinspection is required for
OTaSc &R HIGRF JEIET 1357 &t iIBHIBINGSuEHP e wire rope, a

visual 1
Background Art

[0002]

Wire ropes are generally used not only as standing cables
but also as running cables 1in various facilities and
apparatuses. Since there is a high possibility that enormous
damage will be caused by occurrence of a break accident, it
is important to take measures such as replacement with a new
wire rope for safety as soon as deterioration (inclusive of
abnormality, which will apply to the following description}
of a2 wire rope arises. |

. This tendency is particularly strong on a wire rope used
in a cable way or a dam gate in an important facility not allowed
to be stopped suddenly or a facility requiring safety kept first
and foremost, such as a crane.ship, a ladle crane in a steelworks,
a ropeway, a gondola, etc.

[0003]

Altho’ugh periodical inspection is required for

ascertaining deterioration of such a wire rope, a wvisual



external inspection nethod of guesstimating
deterioration of a wire rope by visual observation of
the wire rope mainly for the rope dianmeter, breaking,
corrosi on, abrasion, |osing shape, etc. was
her.et of ore used because criteria for the inspection
were not clear. In this visual external inspection

nmet hod, however, skill was required and accuracy
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i nspectjion in_the condition that operation could be .
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of safety neasures. [0004] A magnetic |eakage fl ux

WIS Hg UfidT «cal l ed rope tester is known as a testing
uni t which can inspect a rope W thout suspending
nmoverdenttiofs t hkSpdpeexFRIrBakniinspsay iigie Melghod habowgver,
wire rope is axially nagnetized by a nagnet built in a

skidtledtasy regiiieed mndyv seciopey pesseedt Wrdegh according to
detector coil. Wien there 1is breaking of a wire,

diffgremass kownigsihdakadunnto theredver beciause idf took time
-reduction in a section of the rope. A change of the

td etkgteamgretliand | wopée s adet eict edaby itbesdétéet oro cpekkform
and output as. a signal. Even when such a magnetic

inlseslcager bl els@shbrgmuntt oMashe 2rope was suspended, it was

difficult to continuously inspect the whole length and it was
impossible to perform on-demand inspection in the condition
that operation could be hardly suspended. Thus, there was a
problem in terms of safety measures.

[0004]

A magnetic leakage flux testing unit called rope tester
is known as a testing unit which can inspect a rope without
suspending movement of the rope. This unit uses the fact that
awire rope is axiallymagnetized by a magnet built in a detector
while the wire rope passes‘; through a detector coil. When there
is breaking of a wire, magnetic flux is leaked into the air
because of reductionr in a section of the rope. A change of
the leaked magnetic flux is detected by the detector coil and
output as a signal.

Even when such a magnetic leakage flux testing unit was



used, data could be output only to an anal og recorder,
etc. so that it was difficult to specify an abnor mal
spot of the rope froman abnormal spot on the data.
Mor eover, judgnment criteria were not placed. In
addition, there was a problem that the abnornmal spot
was often m ssed. Disclosure of the Invention Problens
that the Invention is to Solve [0005] The invention
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[0006] In order. to achieve the object, the invention
that thechnemade SRS R RfitRP B AR9- whi ch neasur es

a status of a wire rope; a first surveillance
Digsgar=atnss afhitéie il vesriiedted to the measuring unit by

a conmuni cation unit and which records, displays and
Prodoiems dthed rdus dimserdatcdl out g 991ote t he  neasuri ng

unit, nmakes a judgnent based on the relation with the

accurh®l0dtsdd neasured data as to whether or not there

is an abnormality, and issues a warning when there is

an Jhe invention was accomplished in order to solve the

foregoling problems. An object of the invention is to provide
a wire rope remote surveillance system which can perform remote,
accurate, objective and continuous surveillance concerned
with deterioration of a wire rope used as a running cable in
an important facility or a facility whic_h has a tendency toward
a serious accident when damaged.

Means for Solving the Problems

[0006]

In order to achieve the object, the invention is
characterized by including: a unit which measures a status of
a wiré rope; a first surveillance apparatus which is connected
to themeasuringunit by a communication unit and which records,
displays and accumulates measured data output from the
measuring unit, makes a judgment based on the relation with
the accumulated measured data as to whether or not there is

an abnormality, and issues a warning when there 1is an



abnormality; and a second surveillance apparatus which
is connected to the first surveill ance apparatus
through a conmmunication unit and whi ch exchanges data
with the first surveillance, apparatus, checks the
data judged by the first surveillance apparatus again
to make a final decision, and infornms the first
surveillance apparatus of the final decision. Effect
of th nvent| n_[ 0007 Accord to the |nven [ ,
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Surve ce | rnms of a t.us of deterloratlon
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deterloratlon/abnornal|ty of the rope i s absent in
S el lokanGas @njfa teHe1 s rd 9. then daddi 0vewec ky ftlhﬁstflrst
survei |l l ance apparatus processes the neasured data
sl ke mPraiasies ngoabn t toj nakesawhéppér degispgp, and
there is an abnornality based on the relation with the
irgfepurruthe &d widt apruadl i ssgesowagartnisngt dlcormita k gleloy sion.
when there is an abnormality. Further, upon reception
Efffedthehdthieelrofenthen abnormal i ty occurrence war ni ng,
the second surveillance apparatus |ocated at a renote
pl ace gaiddges again whether or not there is an
abnormality, and issues a command of rope
repl aeermeminetts @ tigrdntialn,ddal disopdseitile fio gerform
survei l l ance apparatus. Accordingly, it is possible to
adkomatic and continuous surveillance in terms of a status of

1rst

deterioration or abnormal of a wire rope while an apparatus
or facility equipped with the wire rope 1is kept operative
ceaselessly and even when any expert for udging
deterioration/abnormality of the rope is absent in a site of
use cf the wire rope.

In addition, the first surveillance apparatus processes
the measured data sent from the measuring unit, judges whether
or not there is an abnormality based on the relation with the
accumulated data, and issues a warning automatically when there
is an abnormality. Further, upon reception of the notice of
the abnormality occurrence warning, the second surveillance
apparatus located at a remote place judges agaln whether or
not there is an abnormality, and issues a command of rope
replacement, etc. as the final decision to the first

surveillance apparatus. Accordingly, it 1is possible to



i nprove surveillance accuracy and to consistently

perform optimzation and econom c efficiency for the

rope replacenment tine, so that it is possible to
~build a safe condition for use of the rope. In

addi tion, the systemcan be formed when a conputer

and a software programare used in conbination with an

exi sting neasuring unit. Accordingly, the system can

be carried o rel ativel rie
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wWire rope renote surveillance system according to the
off fHénti®e- [Fig. 3] An explanatory view showi ng an
exanpl e of a nmeasuring device. [Fig. 4] A flow chart
of tH& §deNéildnantdes pyeERitacasdr ﬁngomedt Ween a computer
invention. [Fig. 5] (a) is a display screen view of
angeasipriddvadeg aroaman 419 vsedalniospldypaddrcderivhan gkisting
measuring tine. [Fig. 6] (a), (b) and (c) are graphs
meggciy igiowimig .changerdfingdyneaber egstet gge be carried out
corresponding to increase in the nunber of operating
atcyclred at{ikied.y Mow ajodts. a graph showi ng the relation
between an 5
Brief Description of the Drawings
[0008]
[Fig. 1] (a) is an explanatory view showing a whole of a wire
rope remote surveillance system according to the invention,
~and (b) is an explanatory view showing details of (a).
[Fig. 2] An explanatory view showing an example of the wire
rope remote surveillance system according to the invention.
[Fig. 3] An explanatory view showing an example of a measuring
device.
[Fig. 4] A flow chart of the surveillance system according to
the invention.
[Fig. 5] (a) is a display screen view of measured data, and
(b} is a display screen view at measuring time.
[Fig. 6] (a), {(b) and (c) are graphs each showing change of
a measured voltage coxrresponding to increase in the number of

operating cycles.

[Fig. 7] (a) is a graph showing the relation between an



eval uation value and a residual strength rate, and (b)
is a graph showing the relation between tine and the
eval uation value by two patterns. [Fig. 8] A graph
showi ng a voltage value of a signal. [Fig. 9] A graph
showi ng an area value of the signal in Fig. 8. [Fig.
10] A graph showing the relation between the signa

vol tage and a residual strength. [Fig. 11] A graph

R e B b oI
ohdigh (SN 100 DELVBET.E e, o1 0PRL ooV OLEB0SAAN NS va 1 uat son

Show n
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Fig. 14. [Fig. 16] G aphs showi ng a whol e wavef orm and
8an enl arged waveform when the nunber of operating
cycles has further increased relative to Fig. 15.
[y g. 18Y] AAdgeaph s$iesiding tiee ¥elation betveen the signal
nunber of operating cycles in each of Figs. 14 to
VEigpod artdh ares ekl sorengeh. 6
[Fig. 11] A graph showing the relation between the signal area
value and the residual strength.
[Fig. 12] A graph showing the relation between the signal
voltage and the residual strength.
[Fig. 131 A graph showing the relation between the signal area
value and the residual strength.
[Fig. 14] Graphs showling a whole waveform and an enlarged
- waveform at a certain number of operating cycles.
[Fig. 15] Graphs showing a whole waveform and an enlarged
waveform when the number of operating cycles has further
increased relative to Fig. 14.
[Fig. 16] Graphs showing a whole waveform and an enlarged
waveform when the number of operating cycles has further
increased relative to Fig. 15.
[Fig. 17] A graph showing the relation between the number of

operating cycles in each of Figs. 14 to Fig. 16 and a signal

voltage.



[Fig. 18] A graph showing the relation between the

nunber of operating cycles in each of Figs. 14 to

Fig. 16 and a signal area. [Fig. 19] A graph show ng

the relation between a real nunber of operating

cycles and the nunber of broken wires. [Fig. 20] A

graph show ng transition of a signal area in

accordance with the nunber of operating cycles by two
[Fpiat t &18isA gkEpl. sRAYiAg gitleg hreshomii a1y detereeont-@rt sunber of

Fig. 20 with increase of the signal taken as its
operdtics) o3xdlses [Lhi gacR2bfARigxpl ahad®IBL gl €W shewangidnal

second enbodi rent of the invention. [Fig. 23] An
arexanpl e of neasured data show ng tenporal change of a

rope dianmeter. Description of Reference Nunerals
[E[i%QQQJ911Ac§§Q$h(£@@w1ﬁ Yohe Z-dM 4181 JPRR 3 BASULERY number

device 6 first surveillance apparatus 6a conputer 7

oS QAU 1S oY &I d 1ANC & RPRHAHEL 2 SOTPUIRI Bestebde
for Carrying Qut the Invention [0010] The first

[ESY.VeId] aRCG  ARRATA NS NPS: A IBASHELNERL 4 Gignal area in
accordance with the number of operating cycles by two patterns.
[Fig. 21] A graph showing the contents of Fig. 20 with increase
of the signal taken as its vertical axis.

[Fig. 22] An explanatory view showing a second embodiment of
the invention.

[Fig. 23] An example of measured data showing temporal change
of a rope diameter.

Description of Reference Numerals

[0009]

1 crane {facility)

2 wire rope

3 measuring device

6 first surveillance apparatus
Ga computer

7 second surveillance apparatus
7a computer

Best Mode for Carrying Out the Invention
[0010]

The first surveillance apparatus has a measurement



control portion which sets a neasurenent condition of
the neasuring unit and instructs the neasuring unit
to execute an operation such as start, stop or the
like in the set condition, a recording and display
portion which records neasured data sent fromthe
nmeasuring unit and displays the neasured data on a
nonitor, a collection portion which stores and

| at d ' nt _function.porti MhJ C

RS et E9CE heablEthaPs MR A <t coe
udge whet her_or .not there . is an abnormality, and a
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second surveill apnce apparat us_when .t he judgnent o
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exceeding a set value or level and which transmts

a FREOFELHPdBRIIGE §PLagt BOrEACRCHBIBRNERCAFER BeFRTedtdata
or instruction fromthe second surveillance

SegfpargfusheTRe2s8ESRE SutterNPaféePappar hRGsmehgdrgd data
data request judgnment portion which checks an

ONgh REFFALILY Y2 COLGCteREere Bhbpl Waidph $Eohes REK pegpmulates
surveill ance apparatus and judges whet her or not

dagerakl auddmeatsgohciadonnpgetdanavhihdh anakreeal that atored
are to be requested, a judgnent function portion

anghicoh lagakyzdstdata sbetrebyorutibe Wheshesupwvenbtahbere is
apparatus to thereby judge whether or not it is

anrgoessed Vit w, sepl aceno i cadfjen podt Hoe edrirhdcsendnngates
portion which sends a result of the judgnment to the

withr sthesus¥ebht aneevaiparaaiaes . apPdddius Praker aldey, jadgment
measurenent section is divided into segnments in a

fuhergbhvid&e: thii gettigasofhdtheneepe.s hAQRRTe 1 8 exceeding
a set value or level and which transmits the recorded data,
etc. inaccordance with a request or instruction from the second
surveillance apparatus. The second surveillance apparatus
has a data request judgment portion which checks an abnormality
occurrence report sent from the first surveillance apparatus
and judges whether or not detailed data such as image data and
numerical data are to be requested, a judgment function portion
which analyzes data sent from the first surveillance apparatus
to thereby judge whether or not it is necessary to replace the
rope, and a command sending portion which sends a result of
the judgment to the first surveillance apparatus.

[0011}]

Preferably, a measurement section is divided into

segments in a lengthwise direction of the rope, increase of



a nmeasured value with passage of tinme is analyzed in
each cycle in one segnent and a judgnent is nade as
to whether or not there 1is an abnornmality, based on
whet her or not a rate of the increase exceeds a
predetermned criterion value. According to this
configuration, inspection does not depend on human's
sense such as experience but judgnment as to

. . | . o . el y q
@ BERShLEAT AN Yird B b PR T A E R B gy
..var and the judgnent tine can,be shortened. As
1, Bl AN N SOF © ST S8R 1T APeRed P NE Radelihere
. data,can be [fed pack to the past record. Thus .
SRR Be PREr O T HOTErT Aepet 458 ficpgincrease
}%gdgnent rogram which sets wire breaking as a target
€ eeﬁjegaﬁjr]?gﬁ‘?é?qﬁt%‘?mjtr}%j SFEEE S (R YE e rope,
wei ghts neasured val ues respectively with a plurality
of | & dingkdrP dsh il Fayel HeryhtCluel PBPEREIGRr €085 not
breaking in a neasurenent section, checks tenpora
deppaithenohuipe ' evaeuae eticly alsuexrand rarRe8Uh G as to
that the wire rope is abnormal when the eval uated
def# e wmitcests &€ per nitoFieve ishapge frared Acboeditagetly and
this configuration, when a degree of deterioration at
quantti i tpiciantty af ffésel apsesolt aopriduetprddmed deer ined vary
is equal but a change rate in the process to lead to
artche e gneynefniddtierd araat ien s rdweddeh, deciasicanulstion of
made that the wire rope is abnormal. Accordingly, it
ndaspessidata tiactepee, Wchh suddaepcabaat avtart Yoe Sted hatck to
it is possible to keep safety 9

the past record. Thus, accuracy can be improved.

[0012]

There is used a judgment program which sets wire breaking
as a target of measurement of the status of the wire rope,
weights measured values respectivelywith a plurality of levels
taken as voltage height due to the wire breaking in a
measurement section, checks temporal change of the evaluated
value, and makes a decision that the wire rope is abnormal when
the evaluated value exceeds a permissive change rate.

According to this configuration, when a degree of
deterioration at a time point after elapse of a predetermined
period is equal but a change rate in the process to lead to
the degree of deterioration is sudden, decision is made that
the wire rope is abnormal. Accordingly, it is possible to cope

with sudden abnormality, so that it is possible to keep safety



high. [0013] There is used a judgnment program which

sets wire breaking as a target of neasurenent of the

status of the wire rope, sets, as a criterion, an

i ntegrated value (signal area value) from voltage

val ues due to the wire breaking in a neasurenent

section, detects change of the integrated value in

accordance with the nunber of operating cycles, and
h%ﬁ?ﬁides that the wire rope is abnormal when the

ange is so large as to exceed a perm ssive change
ratemoﬁggﬁrding to this configuration, it is possible
to recognize the extent of occurrence of wire

brea?jn easily in. gpdition to_the. af orenentij.one .
of f et teo  1aed € 3oBBise Br a0 r e M LS Ak gy o ek ing
'uagﬁ?nt. nbodi ment %q3%4]tg%ﬁbod#q$%%s.of th% sets
25 AveHtd On w152 BE TEEET Phed DEGW Wi ¢ gtences '

t he acconpanying drawings. Fig. 1 and Fig. 2 show an
2% RaRBLE TREPe ERe P RETTFSH TS iR Y 65 eamdeene) from
surveill ance of rope deterioration in a marine ship .
Vodr@pea%ahue? Ave Shithe Wihes PeFekdREel hamsasyrement section,
desi gnates a crane equipped in a_ship A, 2, a wire
detesdsusbangencf Heie dake oratadd valug e RGRGEARRS Wddh the
di sposed in a proper place of a novenent path of the
nufjoes pépepgraplntotihl @ he antkdegiiosg dbetceh® Wigre rope 1s
| ocated nearby a pole top portion in this 10
abnormal when the change is so large as to exceed a permissive
change rate.

According to this configuration, it is possible to
recognize the extent of occurrence of wire breaking easily in
addition to the aforementioned effect, so that it is possible
to improve accuracy of judgment.

Embodiment 1

[0014]

Embodiments of the inventionwill be described below with
reference to the accompanying drawings.

Fig. 1 and Fig. 2 show an example where the invention
is applied to remote surveillance of rope deterioration in a
marine ship such as a crane ship. The reference number 1
designates a crane equipped in a ship A; 2, a wire rope used
in the crane 1; and 3, a measuring device disposed in a proper

place of a movement path of the wire rope 2. Although the

measuring device 3 is located nearby a pole top portion in this

10



exanple, the invention is not limted thereto. The
reference nunber 4 designates a control pane

di sposed nearby the neasuring device 3. The contro
panel 4 is equipped with a controller 4a and a
wireless LAN unit 4b for data transfer. The reference
nunmeral 5 designates a wreless LAN antenna; and 6, a
first surveillance apparatus equipped in an

eRRRST YAt 00 1,.00mE Q0 w%ﬁiﬂmﬂ@@d referense number 7

desi gnates a second surveillance apparatus installed

sapan nee eSS Do AR 8" hbL pane

Japan; an nster antenna
shi Far. exanpl e, the transfer anten 81s
d :
59 TR T e iReeh? BRE SRR or har iRy Panel 4
. conmuni cation.,via a_.co nication satellite D__[0015
1§ BT S L o s 1 GO o g Fpdeee, LAY BRTE 4b
nmag e%ic Iea?a e flyx testing unit. As shown in, Fig,
for ga odyL6fs ﬁg- nﬁ%‘%r-’F% c4 Q?%engnﬁeﬁéﬁucpesd%\sﬁﬁﬁ%@s a
Ba:for na%Fetizing_a wire rope, a detector coil 3b
Wil efet dit rﬂfﬁﬁﬁﬂﬁﬂiQ?cléhkégélFFstuﬁﬁ§ﬁléﬁyqﬁ pEPAgatus
broken, and an accel eration sensor 3c for detecting a
eqEIRRSd \Lbfan HPSF TR s FRVE By 9T Ehe Hhighet i
field. An external detection portion includes a unit
for Té6r reéeragcaneilees roascigaatesce wmast syrypitRance
detector coil 3b based on the acceleration detected
apppndieimsoetetdedom asessote 3d.acEhégchery ectd@mwnistation
has a correction circuit 30 for correcting a signa
C det deped ;bgnthg, dettecimsfenidnt3nibasietstlllled on the ship.
For example, the transfer antenna 8 is constituted by an
INMARSAT antenna for performing communication via a
communication satellite D.

[0015]

In this example, the measuring device 3 uses a magnetic
leakage flux testing unit. As shown in Fig. 3, a body of the
measuring device 3 includes a magnet 3a for magnetizing a wire
rope, a detector coil 3b for detecting magnetic leakage flux
when any wire is broken, and an acceleration sensor 3¢ for
detecting a velocity of the wire rope moving in the magnetic
field. An externél detection portion includes a unit for
correctinganelectromotiveforcedetectaﬂbythedetectorcoil
3b based on the acceleration detected by the acceleration

sensor 3c. This correction unit has a correction circuit 320

for correcting a signal detected by the detector coil 3b based

11



on the acceleration and outputting the corrected
signal, and a correction quantity adjusting circuit
31 for sending a correction value to the correction
circuit 30 based on an acceleration signal detected
by the acceleration sensor 3c. The correction
gquantity adjusting circuit 31 calculates a degree for
rai sing or reducing a detection signal |evel to keep

detecﬁion sign evel constq: l.es

-6

th al .l t regard of t?e
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coil 3pb, and inpuyts the cal,cul ated degr a .

2 COPFERET bR S GRAP t¥o e oot B r agi (Log0, sending a
Incidentally, it is a matter of course that an

CORRAGHEY  VaLlYS | terthe Garecqéient Grrodds Shrkasgdoon an
provi ded though they are not shown in the draw ngs.

aqarEs)atA ol 15 Iede ded ard@s by Shehargedesal igpr égnsor 3c.
(carbon steel) which are ferromagnetic substances.

THEh e @f 29 @ L Qthefiughel b r adipgpangs dimceridel 31 nagherizeds a
axially by the magnet of a magnetization detector,

dagrpee Pt tadadaye of| tadwainge deceor ten@ ioaalhderharngekeep
of a local sectional area caused by wre breaking,

thet c deTeetdbangeiguaht i tgvel tdmnsegret imegdwilesge Plfuxthe
is detected by the detector coil 3b and converted

adadlemt iddrectft itheswgral repet ratl azbirver el thy detthéor coil
wire rope can be found. A specific exanple of

3specid iiegtiten the wepeulditareteyreseds 40c6@maction signal
measur enent velocity: 15-90m mn, and magnetization

tdTeiR0Go 6 Jraetd iZzafian sl NGnaigenhraNeR!, ikBgret. md2ter

of course that an amplifier, a filter, a wave detector, etc.

are also provided though they are not shown in the drawings.

[0016]

A wlre rope is made up of hard steel wires (carbon steel)
which are ferromagnetic substances. Therefore, when the wire
rope is intensely magnetized axially by the magnet of a
magnetization detector, magnetic leakage flux varies
according to the change of a local sectional area caused by
wire breaking, etc. The change quantity of the magnetic
leakage flux is detected by the detector coil 3b and converted
into an electric signal so that abnormality of the wire rope
can be found. A specific example of specification is rope
diameter used: 40-60mm, measurement velocity: 15-90m/min, and

magnetization method: DC magnetization using a permanent

magnet.
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General ly, the magnitude of the signal increases as
the change of the sectional area increases. The
magni tude of the signal is proportional to the
nmeasured velocity. When the wire rope noves fast in
the magnetic field while the noving velocity of the
rope is not kept constant, turbulence of the magnetic
field due to wire breaking or lift noise increases SO

t hat br eak noi se tected
Ont gngtrﬁelrlyhaﬁg r@f(ﬁee Fom lgn ecervﬁarseesr81|E>S the
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accelteratl on sensor. and the corre gn ynit are us%d .
sfigRa le bRBITTRATIH OR 1dES SRR Hbb O HA&Y -t h@hent ewire
detection signal |level can be raised or reduced i
ropecBruande sy Lh @%W@Snéftlctf%e%l“’@éllteyt%? e 1H V%lOCltY
rope. In this manner, wire breakin etc. can_ be .
ofrbASur BB § HNe b ke R tC Wt tedtt rork gy . of] bbe7RagRBELC

controller 4a of the control panel 4 is a unit for

Ligdl guadanire brseiacsbon iftosesse tioadra sfe eettiat small
signal output fromthe neasuring device 3 and

wimgc brdiakg nighercbnder hetlse dis edgtiart i gndln tTigeother hand,
digitized neasured data are transferred to the

wheur vee [vMedree tappdridiaigiGet hwmeigls shok ANheviet 1bya aituation
wirel ess LAN. The first surveillance apparatus 6

thanckudasl argoilieebre@iiangdcannbt e sie tloANcant eMhar6éliore,
The conputer 6a includes a neasurenent control

ThRORIdR MRt IS leh sd riTeasu e rbrreefdich anigf attheused in

measuring unit 3 and instructs the control 13
combination as described above so that the detection signal
level can be raised or reduced in accordance with change of
the velocity of the wire rope. In this manner, wire breaking,
etc. can be measured with constant detection accuracy.

[0017]

The controller 4a of the control panel 4 is a unit for
applying an A/D conversion process to the detection signal
eutput from the measuring device 3 and recording the converted
detection signal. The digitizedmeasureddata are transferred
to the surveillance apparatus 6 through an LAN unit by a
wireless LAN.

The first surveillance apparatus 6 incliudes a computer
6a and a wireless LAN antenna 6b. The computer 6a includes

a measurement control portion which sets a measurement

condition of the measuring unit 3 and instructs the control

13



panel 4 to start/stop the nmeasuring device 3 in that
condition, a recording and display portion which
records nmeasured data sent fromthe nmeasuring device
3 and displays the recorded neasured data on a
nonitor, a collection portion which stores and
accunul ates the neasured data, a judgnent function
portion which analyzes the stored and coll ected

neasyr.ed data ,and_j.udges whether or not.there i n, .

e Y e e B R
communj.cates W t.h the second surveillance apparatus 7

@ RS PO S RadY PRALLCRe MELFE T8nOsBRoPRarLEyS data
exceedinq:a predeterm ned val ue or leyel, and . which

S Tarfsii® SN RY FREGKER ed @afadlgplayppthe recorded
accordance wth a request or_instruction from:the

MEFSRGIRS SaitdePl | MR 1 tadparat Rl yCt {00 I Lt T Wodhgtores
surveill ance apparatus 7 is |located at a renote place,

anghareunp lakperihemgpsurer Jaeryi Wgl dégeenbrigti@niorpportion
abnormality of a rope. The second surveill ance

whdisibaranaky zgs hbke asconpdt end7a e ared mersered data and
connection device 7b, simlarly to the first

jusigesei Whanberappar atafls Gheflee denpaneralfzodresl Hdat @and  a
request judgnent portion which checks an abnormality

copmourireticieon eport isentwhficdm ¢dempuigaeas widhctilosm second
portion of the first surveillance apparatus 6 via the

surnvedrinein o ppeciisamsdgvivhen 78e ahdi pudpe snade thert ahere is
not detailed data such as inmge data, nunerical data,

ar€bbnodi@ i@y bgceeduast edoradd tidgnentdfwnié @t pesidignand
whi ch anal yzes data 14

which transmits the recorded measured data, etc. in accordance

with a request or instruction from the second surveillance

apparatus 7.

[0018]

The second surveillance apparatus 7 1is located at a
remote place where an expert stays for judging deterioration
or abnormality of a rope. The second surveillance apparatus
7 has a computer 7a and an Internet connection-device To,
similarly to the first surveillance apparatus 6.

The computer 7a has a data reguest judgment portion which
checks an abnormality occurrence report sent from the judgment
function portion of the first surveillance apparatus 6 via the
Internet connection device 7b and judges whether or not

detailed data such as image data, numerical data, etc. are to

be requested, a judgment function portion which analyzes data

14



sent fromthe first surveillance apparatus 6 and
judges whether or not rope replacenent is required,
and a command sending portion which transmts a
result of the judgnent to the first surveillance
apparatus 6. The command sending portion contains a
function for instructing the first surveill ance
apparatus 6 to change the nmeasurenent condition such

s@st Froml €Y ¥ls tand- AN b @ UG gRR! ¢ GOl djﬂidia?é‘s Qhether
the program etc. Upon reception of a command Trom

o hist CQ&H@”Qeﬁf&QéxﬂSnPOEE' PBquilbg, fhgat S%}ﬁﬁbhba%%dmg

appar at us 6 perforns neasurenent gnent

pdhe; gdesig %@a@%ﬁ@tlﬁr € Cgf Ltﬁl% ?Hgaméﬂgg%n@c}}e first

condltlon 001 I nci ment

PO pLAOL  analyaing %he "%%§Ufegmg§£§ S&ichg9g§8rtlon

I rst survel Iance appara

co
mh her.or pot there
e, fﬁ%% %%%np§?¥i635¥5PC§ﬁa i lasFaF%éaeaiegnce
a ar£E ornallt% n_t he second su vel
paﬁopara s° 7-And $UEGi hgS WREEREFSBFD oFOPE}bEwn such as an
. acene uire t he data request Judgne
* to%‘f%]nan %har}ﬂee%ﬁ TRt e GordLEdrrv EheriRgyam, ete.
Nbasurenent is basically perfornmed in such a nmanner
URHht e CEPheEREUP & feRPNBaRE) %FPTF dhdisyreenandizendiepegtion,
in a,lengthwise direction of the rope, and nagnetic
theakAGetf ISME Wi llagies sapaRraEred bcopeT HUBDS | PepsUTement

exanple while the rope is noved 15
Judgment, etc. in the designated measurement condition and

judgment condition.

l[OOlQ]

Incidentally, the judgment function portion for
analyzing the measured data stored and collected in the first
surveillance apparatus 6 and judging whether or not there is
an abnormality, the judgment function portion for analyzing
detailed data of the abnormality in the second surveillance
apparatus 7 and judging whether or not rope replacement is
required, the data request 3judgment portion, etc. are
constructed as socoftware.

[0020]

Measurement is basically performed in such a manner that
a measurement section is divided into segments in a lengthwise
‘direction of the rope, and magnetic leakage flux voltage is

detected continuously in this example while the rope is moved
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at a required velocity. Preferably, this neasured data
are data subjected to a velocity correction process
by the acceleration sensor and the correction unit as
descri bed above. The neasured data are wirelessly
transferred fromthe control panel 4 to the conputer
6a of the first surveillance apparatus 6 and stored.
The af orenenti oned neasurenent is perforned at
interval.s of a_predeterpined tjne. asur ed dat [
atofde TEAIIERE TRABCIEgentLar SEOPLRT apBh® NG FREBT qdgte =re
each cycle, and tenporal change of the neasured data
dat@ oFEPYSeHedbya he [URigfEitY f GRECRGRIPBr tR e Hhery the
decision is nmade that the value or increasing rate
aceedE&dd 19Npt LR L PRI EPFEEFTESAN Unbidcd? daice iredhpbove-
abnormality is transmtted to the conputer 7a of the
secoRBesurasirrdndatapparaviseyespopouyangfgrradshpam the
a surveillance chart according to the system of the
conpredt penslWhi te thhe cduimttor @ afdthkefésatronreeiyhance
are connected to each other by a dedicated cable as
apppeadiisort Ppreparatédn, The altdementBoned imsaaliferenh 1s
a predeterm ned place and then setting of the
pecdotmeld et ihtervedrS ofnedredbicsermiseticc img n Gasured data
channel (Ich) for neasurenent and sel ect a
inmeasusederheveknel bpghbangaevedispiltgbd &ndf regatrded each
is made as to whether the direction of the wreless

cylcAN , aBhenRanpsranocinhgeand the pbsetyatli 6AtR0OBY ahdeyzed
antenna is directed toward the detector-side antenna

by5thgbﬁ@@&ﬁéﬂ@ Qfn A A NMYRSA D .PhRRENI Se&heLkedis dBde that

the value or increasing rate exceeds a predetermined criterion,
occurrence of an abnormality is transmitted to the computer
7a of the secondrsurveillance apparatus 7.

[0021] |

Fig. 4 shows a surveillance chart according to the system
of the invention. While the detector 3 and the controller 4a
are connected to each other by a dedicated cable as operation
preparation, the detector 3 is installed in a predeterminéd
place and then setting of the contreller 4 is performed. This
is to turn ON a channel (lch) for measurement and.select a
measurement'velocity changeover switch. Confirmation is made
as to whether the direction of the wireless LAN antenna is
normal, and the observation room-side antenna is directed
toward the detector-side antenna 5. Connection of an INMARSAT

phone is checked.

ie



[0022] As for the conputer 6a of the first

surveil l ance apparatus 6, an LAN cable, a phone line

cabl e and a power supply cable are connected to the

conmputer and the conputer is powered on. Activation

of the programis confirmed, and an | P address of the

LAN, a connection PORT and a nuil-sendi ng address are

entered in comunication setting. In addition, nai

co iiggf on setting (nessage check tine,

trans i‘on/ reception interval and end tine) is

performed. A rope velocity_ (real velocity), a valu

of afjfudgRent™evEPmPEESy. " 93) Cdndtae] Lf&d%%mt SyFgpiilance

position (e.g. 2nm are set and_ a data_storage fol der
RRARA TS Entt 4N PRlbis Gr RRRRE 9@ FARle 5[1'6%)93‘?[0‘"’617 supply

Successively, tinme trigger setting is perfornmed in the
cafplas arermannecied 19, tp aonredsyr endithg soperfeF gy powered

once a day (measurenment starts at a predeterm ned
on mMACHIvAL) onac € Hetk Pricgrpdt 1§ reomisiagieemend apnpk address

point" and a neasurenent start tine is entered. \Wen
omgdsuiéient tenpectopneBORT amd er velig,— sendiher ke oy gt are

in "interval" and a neasurenent interval is entered.
erfieradd y,ira neaswreineritidn nesdietigng 30 mln avdaaxioon) mail

is entered and a set button is clicked. In this
camnnelcatieAasur enesdtsiagt s aghesmigeal |y aheelich settime,

time point. [0024] 1In the case of another setting

t rden it A recdgd 9gerint dmmmalartd ig@er iade )Ssiimpberformed.
nmeasurenent is selected. In the case 17

A rope velocity (real velocity), a value of a judgment level

{(e.g. 2V) and a judgment start position (e.g. 2m) are set and

a data storage folder name is entered in measurement setting.

[6023]

Successively, time trigger setting is performed in the
measurement setting. When measurement is performed once a day
(measurement starts at a predetermined time point), a check
is put in "measurement time point™ and a measurement start time
is entered. When measurement is performed at intervals, a
check is put in "interval"” and a measurement interval is entered.
Finally, a measurement time (e.g. 30 min at maximum) is entered
and a set button is clicked. Inthis mahner, measurement starts
aﬁtomatically at each set time point.

[0024]

In the case of another setting mode than time trigger,

manual trigger or simple measurement is selected. 1In the case

17



of manual trigger, nmeasurenment is started at the sane
time as clicking of a neasurenent start button. In
the case of sinple neasurenent, a format is nmade as
measur enent preparation, and neasurenent begins at a
measurenent start and term nates at a neasurenent

end. Alternatively, encoder trigger may be used. This
is a node in which a rotary encoder attached to the

maﬁﬂgingrdggcl?rge II:I%GEIISIJ.]’E’I rgem?si S rtelgi g{:gtlég’sa%dtlme as
en a rope v neasur emen tarts Based on output
f.r nrthe encoder. Based on_ the encod t put

EBpte s 6% RipeLe

L it SEATYE T ha L PEHP U EH be e
neasurenent Iace of the rope can be specif e%_ d

me[aﬁolfﬁmen&f't arf JFFBa‘éfJosr ?m%asdrreeﬁ%% Pgipparation, an
operation, a start comuand is transmtted from:t

MEAGHAFEN t6 RT3 Nth @ te GnegeigemeRy SFathe 206 E@if@rnétﬁﬁ at
the wireless LAN to start neasurenent. The controll

a maaFRreRest Bt aBdterRE iFel Vv i FRCOJRR ATGGI: BRY ﬂ%eaPsed-
converts a neasured electric signal, records the

Theisgries asmadei gint afhighynal refaaymensiofiest atHePwsy to the
and on a nmenory of the conputer 6a by the wrel ess

melaAN r il dediispl dybs tusednaasahedndiat &'igh 3, nandtwgren & rope
velocity of a rope as a target of the neasurenent and

movesy| trage vafereerjtudgraeTits bewseld car eudptugr gdoimn thgvanceder.
in a text box of the conputer 6a. The judgnent | evel

Bas:da owokhagenusdd rwbetphtudgaantvamseperdicromtce 0l ghe rope
5(a) shows a nonitor screen before the nmeasurenent

cast &d Tecoriidd Go Thaa) a mdhsudepemtp@iiades of whel @ope can

graph of neasured data, 18
be specified.

[0025]

After the aforementioned preparation operation, a start
command is transmitted from the computer 6a to the controller
4a of the detector 3 by the wireless LAN to start measurement.
The controller 4a fetches data about the set time,
analog-to-digital converts a measured electric signal,
records the signal as a digital signal on a memory of the body
and on a memory of the computer 6a by the wireless LAN, and
displays the measured data on a monitor. A velocity of a rope
as a target of the measurement and a voltage of a judgment level
are entered in advance in a text box of the computer 6a. The
"~ judgment level is a voltage used when judgment is performed.

Fig. 5{(a) shows amonitor screen before the measurement starts.

In Fig. 5(a), the upper part is a whole graph of measured data,

18



and the lower part is an enlarged graph in which a
position selected fromthe whole graph is displayed
while enlarged. Fig. 5(b) shows an exanpl e of
nmeasured data in which high voltage (magnetic |eakage
flux) portions appear in 5 places. The neasured data
are obtained in such a manner that a signal detected
by the detector coil is corrected based on an

aral GeleeNatiean sansde¢ by the aaeeel graphoAansenseh. a[ PO2GEion
Such data are stored and accunul ated in the coll ection

sPAddanfobmtdie: GREPHIEIahAI WhEngyelydeRBUl 8Nariged. Fig.
performed. The judgnent function portion of the

5 GO RIS 68 arahpiescor el hereQrqadwd iherndahaneyseedidage

preset criterion (setting) and judges whether or not

(ol 1 S f@a@%e g?@hksypogkg%ﬁ§6§ﬁﬁear i@)5a5§a$8£. The

show an exanp tenporal change in waveformo

EQEQ%#J a...Fo e, .Fi.g. .6(a) 559¥€ lta
fShave 6fﬁ?9§%t%F53§8?§3ﬂ8§p%Pa€%%§1é@éTes. igﬁgg(%)gggnal
0 | t.age m after .520, 0 a

RIS PP O R BT e TR ThePEd o an
brggki . occurred, .Fiqg. 6(q% ;Pomsta vol t age wavef orm

24T D60 o0 et 4ty %Egl‘ecfc ®s-S11-tdh Pe Found from
Fig. Q&ﬁ%%that t he nunber of broken wi res increased.
[OOZ%] ]e, eval uati on based on voltage height is

taken as an  exanple of the way that the judgnent ,
f UnctiGh HGFEi BRS) BHRESY 1o A RITBL)=LRH 47 T cpdLect ion

performed in such a manner that a maxi num magnetic
Partdicay et Fhg oMy b Hhergpsedrgearsenent 1o performed.

The Jjudogment function portion of the computer 6a analyzes
whether or not the data exceed a preset criterion (setting)
and judges whether or not there 1s an abnormality. Figs. 6(a),
(b) and (c¢) show an example of temporal change in waveform of
measured data. For example, Fig. 6(a) shows a voltage waveform
after 340,000 operating cycles. Fig. 6(b}) shows a voltage
wévefornLafter 520,000 operating cycles. It can be found from
Fig. 6(b) that wire breaking occurred. Fig. 6{c) shows a
voltage waveform after 560,000 operating cycles. It can be
found from Fig. 6{c) that the number of broken wires increased.

[0027]

Here, evaluation based on voltage height is taken as an
example of the way that the judgment function portion judges
{evaluates) data. This is performed in such a manner that a

maximum magnetic leakage flux voltage with elapsed years is
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set in advance so that occurrence of abnormality can
be decided when a value exceeding this voltage
appears. For exanple, the naxi mum magnetic | eakage
flux voltage with el apsed years is set at 4V so that
occurrence of abnormality can be deci ded when data
after one year exhibit a maxi num voltage of 1.8V and
data after two years exhibit a maxi num voltage of
. 9V._For exanpl.e,. when data affer two years have .
S4E, P HAATARSS CoO AP HEC A R b ABEEP T G VeBet Faniectded
t hough the data exhibit a _maxi numvoltage of 3.5V
WRGH EFY RIGHS SHEE SaREHT f he QU A9 BPPESFRer 795 ARG The
a possibility that decision may be made i nproperl _
MR FE FGI G & SAFPIS f&é@eaOﬁﬁaﬁﬁeWéFBr @ﬁ@ﬁﬁﬁén@%am 1s
criterion though the decision should be made that the
sqtopt 46 soabdk PEICULT snerens f ofbreired i e §86r 2’ dqiees) when
Therefore, the invention proposes a proper eval uation
dapet REGET/ORE 2 rede 1b tt Aangstiatut ved tegsl ahtl ofY and data
nmethod is as follows. A certain |evel of voltage
afgimhitwa ryem r9presdeitartnan ek Fisasurengmos gt iorPand t he
nunber of pieces of data (tinme or |ength) exceeding
t he IFevetxafip Vo) tage deeighiftearave lfeekethaFor lexaymphenber
assune that the weight is set at 1 in the case of
ofowerl uk¥, iand phedavstetned ptechsn dfhalatla tihe daeh akhibit
50 points for 0.5 sec. in a length of 10nm The nunber
a ebhxpneaesodt agat af MysWherhie deed wbt hrdédeh niertoflevel,
vol tages. The |l evel of voltage height is divided into
theaverad hbe¥eks ang ol ot 51 @f erBhvelelastibe Ieuelse made
respectively. For 20

improperly that the rope is normal based on the aforementioned
criterion though the decision should be made that the rope is
abnormal in terms of safety measures.

[0028]

Therefore, the invention proposes a proper evaluation
method. A first mode of the preferred evaluation method is
as follows. A certain level of wvoltage height in a
predeterﬁinedJneasurement section and the number of pieces of
data (time or length) exceeding the level of voltage height
are checked. For example, assume that the weight is set at
1 in the case of over 1V, and the number of pieces of data is
set at 50 points for 0.5 sec. in a length of 10mm. The number
of pieces of data may be replaced with the number of voltages.

The level of voltage height is divided into several

levels and weights are given to the levels respectively. For
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exanpl e, assum ng the level over 1V: weight 1: 50
points (the nunber of pieces of data) , the |evel
over 2V: weight 2: 30 points (the nunber of pieces of
data), the level over 3V: weight 3: 15 points (the
nunber of pieces of data), the |evel over 4V: weight
4. 5 points (the nunber of pieces of data), then 1 x
50 + (2 - 1) x 30 + (3 - 2) x 15+ (4 - 3) x b = 100

can_be obtained. Accordingly, t
Xt Sy oRPEHBING b e 1V SeCLVES Y- h‘ﬁé%&%}“ Vfrag% BO%én (the

for exanple, the weight for a_voltage val ue over 3V
nupbesedt R e5eFrRE fiﬁgaae g legelovaiorY age iditue: afepoints

4V is set at 8, the influence of the voltage__height
(téennpabest pEcpeecesheh dafe ohdse lexed PyemoBVSnBPEght 3:

than a predeternined value fromview of the tenpora
15changts (Shepeunberhahge)easts tdfe daralluatihen legedeovar 4V:

. the aforenentioned condition, decision is nmade that
weﬂ@@trdpe5ipoabhsrﬂuheandmbeedsf poebesrefil deed) [ OD2R] 1 x
For exanpl e, assune that the aforenentioned eval uation
S50vad ue wag)l@ abter (8ne ¢éax, 120+afiter BwoxyearslOflndan be
30 after three years (pattern A) in one case, and the
obakdheaent peneddiavakyatinem wHcieraiashtds Bdt e ohghyeatfage

8 after two years, and 30 after three years (pattern

vaBld s @Ral bebLRs vyl ERAtes e, Cilses, foltee @b lUMtthangeght
rate is 10 per year in the pattern A and 22 per year

fdrnat B‘Slﬁﬁﬁbefrﬁlﬁe Jheretores sybel & changde akeghet for a

smal l er than 20 per year is preset as a replacenent
vo1@%e vHDRXRARLAVOLs SddeR geterd ehalhelceddr thk voltage
height can be reflected. When the change rate is not smaller
than a predetermined value from view of the temporal change
(slope of change) of the evaluation value in the aforementioned
condition, decision is made that the rope is abnormal and needs
to be replaced.

[0029]

For example, assume that the aforementioned evaluation
value was 10 after one year, 20 after two years, and 30 after
three years (pattern A) in one case, and the aforementioned
evaluation value was 5 after one year, 8 after two years, and
30 after three years (pattern B) in another case.

In these cases, the maximum change rate is 10 per year
in the pattern A and 22 per year in the pattern B. Therefore,

when a change rate not smaller than 20 per year is preset as

a replacement level, unexpected or sudden deterioration can
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be supported because decision is nade that the rope is
still usable based on the pattern A but decision is
made that the rope needs to be replaced based on the
pattern B. Fig. 7 (a) shows the relation between an
eval uation value and a rope strength rate. A residua
strength rate 90%is equivalent to an eval uation
value 20. Fig. 7(b) shows the relation between tine
and an ev ation value. .Since th le . .in the . .
o SR T4 Brarger CERaRLancE Tedy Sitpdimgiape 1s still
decision is nmade that the wire rope needs to he
ugapiakaded cusdie RSt Seblid RSdSs 1oP tifemade that the
eval uation nethod in the judgnment function portion
roRe drRfidy o Rhersmhvaind dirsed an Thy IRREe 7R B-
integrated value (signal area value) fromvoltage
val udd dexpfassitmysithe bebakl ey bt veesr eda e iarepn value
measurenent section is set as a criterion. Change of
antchen | oyt eehybhueates deteesbdush atrerdbhceahit A0 is
t he nunber of operating cycles. Wen the size of the
eqiiargerex ceedsn acpeluatsohl eathangé.r afeég. déb) ssbawpsthe
made that the wire rope is abnormal. [0031] In
redetididn betgeef ishowand ammgehduatdbnarslignal Sialceages angle
val ue due to wire breaking. The voltage is 4.4V. Fig.

irPtabows tdherrad abirgarbgiaveanciitel viY € ibpeakndbe,) detheion
case of Fig. 8 and a signal area value. In this

iy &hdiecred 6its A nddies stgned AsePayaiile is an
integrated value of lengths (positions) in a waveform

expr ggged by vol tage val ues shown 22

Next, a second mode of the evaluation method in the
judgment function portion according to the invention is as
follows. An integrated value (signal area value) from voltage
values expressing wire breaking in a predetermined measurement
section is set as a criterion. Change of the integrated value
is detected in accordance with the number of operating cycles.
When the size of the change exceeds a permissible change rate,
decision is made that the wire rope is abnormal. |

[0031]

In detail, Fig. 8 shows a waveform of a signal voltage
value due to wire breaking. The voltage is 4.4V. Fig. 9 shows
the relation between the wire breaking in the case of Fig. 8
and a signal area value. In this example, the area is 120.
The signal area value is an integrated value of lengths

(positions) in a waveform expressed by voltage values shown
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in Fig. 8. Wen data are taken finely at a uniform
velocity, the signal area val ue can be obtai ned by
di screte integration of Y_ (voltage value x nunber of
pi eces of data) . This is automatically obtained by a
calculation function in the judgnment function
portion. In conparison with Fig. 8 Fig. 9 shows a
wavef orm which is close to the shape of a nornal

irdirsty.i BUt i PRefGd hdta dhe avavet Oha i Saf | atdaeEd Relocity,
ot her positions than an abnormal Signal. Accordingly,

tHd@ igrRlUS ref vOLGUTIBNEE Obt Wi hEaL RN NG LN 1 B@egration
recogni zed correctly. Incidentally, when the velocity

o£15ih81£008 LILhe Mg Lo net ALOrMe the nurberngl 4

€s O ta per uni en ecreases as e

ity.iner h fare i ght - for.the .
A L BB Elred B o Tt M s B bR  ee
en, for exanpl§ there i.s a vel oci

. velocjty. t. .

jucf? eenrgenfcuen of°D RGeSO datd SPTPREIFS A ogilt%y fay F19-
be nultiplied.by 2 sqg that the weig for one data is

o Mhthebr Toss5 vifeh 15 chine Thothel SaBR BE: aosRimal
val tage in the case ere the nunber of pieces, of

dlc?éftralat%‘kt@%naor &S’@tr egﬁﬁuéﬂaveéﬁqré‘hg%%. Thpg tePpds nis OFher
the rel ati on between area (voltage_ x nunber of pieces

PHL A HiP i dh SHesitiials gt RCCREAIREANs 4he status
correlation coefficient. Wen the relation between

of @G RIACIStS gt ran Presitiage cans bgppricegnaged correctly.
criterion to the aforenentioned exanple, it can be

f oundtHaterttizd lobr wbkat foa toefdity et the ropeahn the data

error 23
is not uniform, the number of pieces of data per unit length

decreases as the velocity increases. Therefore, the weight
for the data may be corrected or added in accordance with the
velocity. When, for example, there is a velocity difference
of 2 times, data of two-fold velocity may be multipiied by 2
so that the weight for one data is increased.

[0032]

Fig. 10 shows the relation between voltage in the case
where the number of pieces of data is 6 and rope residual
strength. Fig. 11 shows the relation between area (voltage
x number of pieces of data) and rope residual strength. R?
means a correlation coefficient.

When the relation between residual strength and voltage
is applied as a criterion to the aforementioned example, it

can be found that the correlation ceoefficient is low and error
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in estimation of the residual strength is |arge, as
shown in Fig. 12. For exanple, as for the signal in
Fig. 12, the voltage is about 4.4V and the residua
strength is estimated to be in a range of 50%to 95%
Since 50%is used in safety evaluation, the residua
strength is estimated to be | ower than genera

perm ssible strength 80% resulting in that the rope
the. other hand en

i fﬁeZs afed aogﬁ oS &ééﬁga%éa%f?’%w%%hxl%%&e or prteRd in
Pt 01 SR 0RT oL R B0 AL Al sh i useg% e vgltage

quadratic curve froma range over 100, an
1 G ati 8K 2R06its dissrid éﬁé@n\géhylﬁ|@%tl%%t%ﬂo% be in

in Fig. 13. In the case of a value 120 in Fig. 13, the
a Fé‘ﬁgﬁu%f 50t F@rﬁﬁ%h i $18519 ABF kP Péeﬁlel%k?dﬁet%@’va%‘atlonr
that decision is made that the rope is still usable.
thevasipadf sstresyadith sy eRGUmat@feker becdgmsr §bhaphgeneral
decision is nmade that the rope needs replacenent
peymeis drio s tasdopdy BO#r crésispetry om theg3ghe rope needs to
Accordingly, it can be said that the relation between
bearmmp Yamstdage x nunber of pieces of data) and residual
strength, not the relation between voltage and
residudi3xdtrength, is preferably set as a judgnent
criterion for abnormality judgnment. Figs. 14 to 16
showdrenphé alottlzaandeand, awhavef oiien r@la24on between area

(voltage x number of pieces of data) and rope residual strength
is used as a criterion, the area is estimated to decrease like
a guadratic curve from a range over 100 and the correlation
coefficient becomes very high, as shown in Fig. 13.

In the case of a value 120 in Fig. 13, the residual
strength is estimated to be about 90%, so that decision is made
that the rope is still usable. Lowering of strength by 10%
however occurs, so that decision is made that the rope needs
replacement preparation and perilodic inspection.

[0034]

Accordingly, it can be said that the relation between
area (voltage x number of pieces of data) and residual strength,
not the relation between voltage and residual strength, is
preferably set as a judgment criterion for abnormality
Judgment.

Figs. 14 to 16 show temporal change of a waveform in

24



accordance with the nunber of operating cycles in a
certain facility. The upper part of each of Figs. 14
to 16 is a whole waveformwhile the | ower part

thereof is an enlarged waveform An area is obtained
by using the Iower part. Fig. 14 shows 20, 000
operating cycles, Fig. 15 shows 30, 000 operating
cycles, and Fig. 16 shows 40, 000 operating cycles. V

P 1 5 el RO M T e

of I Fi 4 16 F 1
fwel‘)lpfre%aéﬁﬁ%nuﬁé?ﬁ%%rn%. Gnanc 8%‘3%% B0k S Hufhepote
operatin cles in Figs Q 16. Ig]_ese
W%% %H@l&%eﬂa%tlaq%paaat%¢ LSy 2By H- B yﬁ]"eﬁom

the judgnent function portion. As shown in Fig

AR Hrad gl ORIGHNRE 0% WHAE B\ i o Thot F&ﬁan&é §hows
much. On the other hand, the signal area value in

2G5 )0 oBeEAbREIL B RFoNEYTt deaslioTn 30498 PrerrEbrasncaes:
with the nunber of operating cycles. Fig. 19 shows a

angEipt 1of shprackl.cH10 eranphanboydino t Neexprgssepoliage
wire breaking. It can be found that the status of

amnd re dumeskd sep agrgesl wef¢awith the signal area val ue.
Thus, in the invention, the relation between signa
ar ea Rig) .ue7 artdbwshehrundest iofn bpéwatnmgp Cyadesnd shesetber
as a judgnent elenent, so that replacenent judgnent

off sopmcte: hagedyobeaninndieasi rng rad e 6f thegwatef ehwws the
[0035] Fig. 20 shows transition of signal area

rd Mg beltheear i edayalig) vinuacsod darcauitbkh dheperating
nunber of operating 25
cycles in Figs. 14 to 16. These relations are obtained
automatically by a program in the judgment function portion.
As shown in Fig. 17, the signal voltage is about 5V and does
not change so much. On the other hand, the signal area value
in Fig. 18 shows a tendency toward increase in accordance with
the number of operating cycles. Fig. 19 shows a result of
practical examination into the status of wire breaking. It
can be found that the status of wire breaking agrees well with
the signal area value. Thus, in the invention, the relation
between signal area value and the number of operating cycles
1s used as a judgment element, so that replacement judgment
is made based on an increasing rate of the waveform.
[0035]

Fig. 20 shows transition of signal area ({signal

integrated value) in accordance with the number of operating
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cycles. In the pattern A, sone deterioration occurs
fromthe beginning but increase of the deterioration
is small. on the other hand, in the pattern B
deterioration occurs late but increase of the
deterioration is large. The slope of such a change is
conpared with a preset critical slope. Wen the sl ope
is large (increase is intensive) like the pattern B

the rop | s eval uated to be dangerous,.so that

i o ERREt LRt B RETEopie RELRLaEbOB Bt fagn the
For exanple, ,in 60, 000 cycles, .the signal area is

Peg gt barterAc A aridie 86T RS OrRE 1HB £ 8T BL - Wighthe
eval uation is nmade only based on the ahsol ute val ue,

oy panchr 1A itheavpirdd ENoRey 8Lt egiipge tine FEClgsnlate but

_has a large slope of increase,_decision can be made

indrgashehatredptBriorawmpra dangereds tTm P att spsh a
A. Wien the critical slope is set at 150 per 10,000

chgereaat f pmppdeskvwi bh adyegeet crhgicpdtslone A @snpikgslope
50 per 10,000 operating cycles at the tine point of

isellagpge 6fin60e866 tyclmswhiva tlhkepabheepat Beerhp bitthe rope
170 per 10,000 operating cycles which exceeds the

i epledoenerd tohid elargrrduici denttilelty detdisiom tiscalade that
sl ope can be conceived as a critical increasing

trarewpe. ndd@s t2lbesrapDiaph. | IForheghnphie, indEasihgycles,
anount (slope) of the signal area is taken as the

theekt baall axds.1Weo fdietakaoper obimipngadtias fexcaaspadtern
threshol d val ue, decision is nade that the rope is

B daRgenodsa1uhBibhi 8s Wronltwgagbﬂﬂ bnofhalsRf1dthevalue,

rope can be found accurately and exactly. 26
the patter A is worse. However, since the pattern B has a large
slope of increase, decision can be made that the pattern B is
- more dangerous than the pattern A. When the critical slope
is set at 150 per 10,000 operating cycles in advance, the
pattern A exhibits 50 per 10,000 operating cycles at the time
point of elapse of 60,000 cycles while the pattern B exhibits
170 per 10,000 operating cycles which exceeds the replacement
criterion.

Incidentally, the critical slope can be conceived as a
critical increasing amount. Fig. 21 is a graph in which the
increasing amount (slope) of the signal area is taken as the
vertical axis. When the slope obtained thus exceeds a
threshold value, decision is made that the rope 1s dangerous.

In this manner, the limit of use of the rope can be found

accurately and exactly.
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[0036] A mail of the thus decided result is
transmtted as a warning to the second surveillance
apparatus 7 fromthe conputer 6a of the first
surveil l ance apparatus 6. As for the conputer 6a of
the second apparatus 7 which has received the mail, a
mai | for requesting data necessary for judgnent as to
whet her or not rope replacenent is required is
transHykﬂgd from the conmputer 7a. The requested data
are image data, digital data, prograns, etc. The
compuyf a2 Y shfe tfhltursStd TonKoliiel 'ﬂe%%ﬁ% i%p%%%%%it‘élgd as a
t nput’eér 7a~ o

ed éhta to

transmts he reques e CO
t.he. d il t 7. 0037 | t
vl AP O 200 SV B b 800 SRR akSa R b s o the

t he judgment function portion analyzes the transpmtted
RS P, D iR ag o PTHEY L] B By A1 8. | S for the

examning te ral change of the data and conpari,son
CHP Y e oﬁ% é’ﬂggﬁ B%i%?nga BPArakdSt f dHEYR Lahéeredaied the

judgnment to the conputer 6a of the first surveillance

m aPaPﬁélG?oFrF%%Eﬁﬁﬁkﬂg1@§t@hP§Feﬁ§§§ﬁrE@rsiRﬁBm%E$ as to
preparati on of a new rope and di spatch of an expert to

whefd e praalr sopgkesplaprient e ¢ @pl srd et rangiife-ed from
perfornmed w thout disturbance of operation of the
theEamaikesn 7ehe Eheereqeestedtdata iardswids date, digital
conti nue operation with high safety. Enbodi nent 2

dqtg03sFogranshestiqw eAhieorpmp wiees Geemktheof i rgpetrive iddance
aggggggﬁg ézlransmits the requested data to the computer 7a
of the second surveillance apparatus 7. |

[0037]

In the compuier 7a of the second surveillance apparetus
7, the judgment functionportion analyzes the transmitteddata,
further makes a final judgment by also examining temporal
change of the data and comparison of the data with past data,
and transmits the final judgment to the computer 6a of the first
surveillance apparatus 6. In response to this, measures such
as preparation of a new rope and dispatch of an expert to the
site are taken. Thus, rope replacement can be performed
without disturbance of operation of the facility on the site,
sc that it is possible to continue operation with high safety.
Embodiment 2

[00381

In the invention, "measurement of rope" is not limited

27



to the case of detection of wre breaking. Exanples of
measurenent contents (: neasuring neans) other than
wire breaking include detection of corrosion: total
magneti c flux method; decrease of rope dianeter:
outer dianeter nmeasuring device; detection of |osing
shape: pitch nmeasuring device; detection of position:
rotary encoder; neasurenment of tension: |oad cell
measur enent Q onpandi ng: _di spl acenent , neter
Coneditr GRBAL U Jer DL Aleot BronBrEr <iE - r ofsARles of
encoder; rmeasurenent of vibration: accel eroneter; ,
m@%ﬁﬁrqmﬁyﬁﬂcoqﬁ%ﬂt%z(éh&ﬁ?%?%ﬁ&ﬁnﬁﬁ%%%deﬁEﬁF ofaTheW1re
surveil | ance system according to the invention. As
bregkimsadoelgengahect ian| ohmgaie i qn uk ofalamgpeetic flux
extracted in addition to detection of nmagnetic .
meltgidagelerivgr sgy of hscrtoféABAEESAedUEBFedi eBebpr3neasuring
Further, an outer dianmeter neasuring device 9 is
degiispose@tiartimm gfe Jpating cchapsurel topendismeiey device;
successively and neasure position, tension, etc. at a
deshedieon Theses iddtoect edt s gralco degunues sedenand of tension:
el ectric signals are anal og-to-digital converted and
lomecaraleld. mMbéeserehgnt i 26d cdatpmnatimgsenti 4wl ddwnent meter;
conputer 6a of the first surveillance apparatus 6 via

med satethentold e Gid Iyt ioar hdye Ideontttet essd LAN. 289 thabder;
the judgnent function portion analyzes the data and

meBRKAErR Nty i &tie a WG MRHc et ddndtakd ngdde status of
W re breaking into account. Figs. 23(a), (b) and (c)

showpempqral changes (brand new, 30, 000 cycles and
50, 000 cycles) of the rope dianeter neasured 28

Fig. 22 shows a second embodiment of the surveillance
system according to the invention. As the measuring means,
all magnetic flux data are extracted in addition to detection
Qf magnetic leakage flux by the aforementioned rope tester 3.
Further, an outer diameter measuring device 9 is disposed in
a rope path to measure rope diameter successively and measure
position, tension, etc. at a sheave. These detected signals
converted into electric signals are analog-to-digital
converted and recorded. These digitized data are sent to the
computer 6a of the first surveillance apparatus 6 via a data
collection board by the wireless LAN, so that the judgment
function portion analyzes the data and makes a synthetic
judgment while taking the status of wire breaking into account.,
Figs. 23(a), (b) and (c) show temporal changes (brand new,

30,000 cycles and 50,000 cycles) of the rope diameter measured
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by the outer dianeter neasuring device 9. It can be
found From Figs. 23(a), (b) and (c) that periodic
reduction in dianeter is in process. [0040] 1In this
case, there is installed a programwhich sets
eval uati on points respectively for wre breaking,
di aneter decrease, corrosion, etc., and issues a
war ni ng when deterioration exceeds a predeterm ned
eval uati on poin configu atlon is de t.hu th
bibBedRitsT BRaTEERS BraSTERACERARE 2an bo cearer dioul Fron
nor e accurately froma renpte ce. Incidental
Fitfe Popé’detBri dRdt #%h/%%mw S FEAGTEACT ATt Hiameter
_invention is not for exclusion of a paraneter as to
LS\t BE°CS ot a vol t age exceeds a set maxi mum
vol tage, but includes synthetic judgnent based on
combil¥840dn of this paranmeter and either of the
aforenentioned two nodes. 29 Cains 1. Awre rope
renotla $hdgeickisanc&éheyst dm éhatadiled zegrpgram which sets
conprising: a unit which neasures a status of a wire
eviadpetin foaistt s urespedaitcel wppar avisewhikrehkinyg, diameter
connected to the neasuring unit by a comunication
deunidasand whirdo siecgr dstc.di spinay s imsteaccanuwatresng when
nmeasured data output fromthe neasuring unit, nmakes a
dg gt ikas etkaeddh e pjatdtenrminddd dved wectciomulatiedt . If
nmeasured data as to whether or not there is an
coligpiriditon ard msguestluyar iinkg wbeassthere asdartime of

replacement can be supervised more accurately from a remote
place.

Incidentally, the rope deterioration/abnormality
judgment in the invention is not for exclusion of a parameter
as to whether or not a voltage exceeds a set maximum voltage,
but inciudes synthetic judgment based on combination of this

parameter and either of the aforementioned two modes.
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abnormality; and a second surveillance apparatus which

is connected to the first surveill ance apparatus

t hrough a  conmmuni cation unit and whi ch exchanges data

with the first surveillance apparatus, checks the

data judged by the first surveillance apparatus again

to make a final decision, and infornms the first

surveillance apparatus of the final decision. 2. A

wire rope renote surveiIléf%ﬁngysten1according to

Caim 1, wherein: the fifst surveill ance apparatus
1has neasur enent ont r ol ggition whi ch s?%§ a . 2ed b

‘meas Oy EhBhtt FERETIET 5P R ABEE Y T L P TaT e T zed bY

i nstructs the neasyring unit to execute an. operation .
cofreh 49 % & st ¥ 18B PRESPFRE 7ot St Solfditti GRPS @

.a recording_and display portion which records neasured
Tifstta SBENElLLERCENCLPRASHFPRQ "THIT ahd dFePRETEethdo the

nmeasured data on a nonitor, a collection portion
MEFHUH 1S g¥ekt aRY acCoriaiestigar ainid jarfynehich records,

function portion which anal yzes the stored and
disgllisgia eandat act@ngherepy asfgearthedhén opUhpet t e the

is 30 an abnormality, and a conmmuni cation portion
MEGKFHUGH. Ngo mirti c atede s Wi ghedpimense bewse ds oy ghiel grdation with

appar at us when the judgnent function portion decides
thehatc cuiverie ezl areasmedralattay asx ceedheghea set neodl tibeoe is
- level and which transmts the recorded data, etc. in
aracaebndamagiwyt h and edquesiesor ai nsfrnicig omhkenonthdee is an

second surveillance apparatus; and the second
absiutveilliltanceasppar skusndhasidradatladequasiatatigeenhich is

portion which checks an abnornality occurrence report
coseiictidpmbheHd r $t rsdr viddancesappapgptsatasd judges a

whet her or not detailed data such as i nage data and

communication unit and which exchanges data with the first
surveillance apparatus, checks the data judged by the first
surveillance apparatus agailn to make a final decision, and
informs the first surveillance apparatus of the final decision.
2. Awire rope remote surveillance system according to Claim
1, wherein: the first surveillance apparatus has a measurement
control portion which sets a measurement condition of the
measuring unit and instructs the measuring unit to execute an
operation such as start, stop or the lilke in the set condition,
a recording and display portion which records measured data
sent from the measuring unit and displays the measured data
on amonitor, a collection portion which stores and accunulates
data, a judgment_function portion which analyzes the stored

and collected data to thereby judge whether or not there is
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nunerical data are to be requested, a judgnent

function portion which analyzes data sent fromthe

first surveillance apparatus to thereby judge whet her

or not it is necessary to replace the rope, and a

command sendi ng portion which sends a result of the

judgnent to the first surveillance apparatus. 3. A

wire rope renote surveillance system according to
arChdntrmd,l ieRaracd ardadeshn cd Hadn bhe t3yst @M ¢lsesmaunicates

j udgnment program which divides a neasurenent section

with Ot BegRRIHchd Ns@rvéd £NOE Ve SEpBLFEELIsONHn t BBl 9RBgment
anal yzes increase of a measured value with passage of

fdﬂ@@iérﬂ?gﬁﬁlﬂoﬁyﬁ@idé& EASL SBWRN s ANEh YL Mhekbekding
or not there is an abnormality, based on whether or

a Wt ad@te A the %‘}A{c?%%c??(‘%%%‘i‘l%nat@ eget ‘?:Fe'éio%%d data,

criterion val ue. 4. Wre rope renote surveillance

eﬁ.sﬁﬁ@c?&%ﬁé@w&}?ﬁ?sﬁgﬂgggt %fr %Q{%F%iﬁgg ﬁ’om"\@k% %ie'aond

e system uses a program sets wre

SLB{\? k]'.ln.%lges a%gta%ré%%ts.;o%?gec%seugeeaggg& SOLFI‘X‘I:'GI']J_ellasr%CgEa?)t lr‘:|1sratus
0 € Wre pe,” wei'ghts neasured val'ues respec ely
ken .as vol tage hei

with Iurali&y.qﬁ | evel s %g ht due .
hq ot L i RSB T PR e SBUP EhE CTE AT B 2LBREERa L tY
t enporal chan of the ev quéfd val ue, and makes a
OGRLRAIHTE (R SiCr BEPBRNS |5t MG HRIS Whet (e Pparatus
eval uat ed val ue exceeds a perm ssive change rate. 5.
and diadgesopReFBAbL *F SNntvEPERahEE 5t st &6 dragetdpta and
any one of Claims 1 to 3, wherein the systemuses a
NYMRIYrREht SpEagqEamt Ot ERI8EEE odi ra IpfeakRNigl eC bl erapgattion
of measurenment of the
which analyzes data sent from the first surveillance apparatus
to thereby judge whether or not it is necessary to replace the
rope, and a command sending portion which sends a result of
the judgment to the first surveillance apparatus.
3. Awire rope remote surveillance system according to Claim
1, characterized in that the system uses a judgment program
which divides a measurement section into segments in a
lengthwise direction of the rope, analyzes increase of a
measured value with passage of time in each cycle in one segment
and judges whether or not there is an abnormality, based on
whether or not a rate of the increase exceeds z predetermined
criterion value.
4. A wire rope remote surveillance system according to any

one of Claims 1 to 3, wherein the system uses a judgment program

which sets wire breaking as a target of measurement of the
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status of the wire rope, sets, as a criterion, an
integrated value (signal area value) fromvoltage
val ues due to the wire breaking in a measurenent
section, detects change of the integrated value in
accordance with the nunber of operating cycles, and
decides that the wire rope is abnormal when the
change is so large as to exceed a perm ssive change

rate. .6., Awire rope renpte surveill ance system .
SERtS BEndE & GRFAPCL, " Shar 67 MASHAR D IETE oS! T TR R Lo 1Y
.rope includes, in _addition. to detection of, wire
WGP RGTE BT (Ao S L AEroR e nL 610 i id gie to the
detection of decrease of rope dianeter and detection
w%gabﬁggﬁbngﬁébéﬂggpurementsectlon,checkstemporalchange

of the evaluated value, and makes a decision that the wire rope
is abnormal when the evaluated value exceeds a permissive
change rate.

5. A wire rope remote surveillance system according to any
one of Claims 1 to 3, wherein the system uses a judgment program
which sets wire breaking as a target of measurement of the
status of the wire rope, sets, as a criterion, an integrated
value (signal area value) from voltage values due to the wire
breaking in a measurement section, detects change of the
integrated value in accordance with the number of operating
cycles, and decides that the wire rope is abnormal when the
change is-so large as to exceed a permissive change rate.
6. Awire rope remote surveillance systemaccording to Claim
1, wherein measurement of the wire rope includes, in addition
to detection of wire breaking, at least one of detection of
corrosion, detection of decrease of rope diameter and detection

of losing shape.
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