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‘Description
Wire Rope Remote Surveillance System
Technical Field

[0001]

The présent invention relates to a system for performing
remote surveillance in terms of deterioration or abnormality

-~ of a wire rope used as a running cable.
Background Art
| [C0021]

Wire ropes are generally used not only as standihg cables
but also as running cables in various fac_ilities and
apparatuses. Since there is a high possibility that enormous

' damage will be caused by occurrence of a bréak accident, it
~is important to take measures such as replacement with a new
wiré rope for safety as soon as deterioration (inclusive of
abnormaiity, which will apply to the following description)
of a wire rope arises. |
. This tendency is particularly strong on a wire rope used
in a cable way or a dam gate in an important faé:ility not allowed
to be stopped suddenly or a facility requiring safety kept first 7
" and foremost, such as a crane ship, a ladle crane in a steelworks,
a.ropeway, a gondola, etc. .
[0003]
Altho-ugh periodical Iinspection is required for

ascertaining deterioration of such a wire rope, a visual




Wre ropes are generally used not only as standing cables but also as
runhing cables in various facilities and apparatuses. Since there is a high
possibility that enornous danage will be caused by occurrence of a break
accident, it is inportant to take neasures such as replacenent with a new
wire rope for safety as soon as deterioration (inclusive of abnormality,
which will apply to the follow ng description) of a wire rope ari ses.

This tendency is particularly strong on a wire rope used in a cable way or
a damgate in an inportant facility not allowed to be stopped suddenly or a

facility rQﬂf’éfﬂﬂglﬁQ{:S&%k&?methbﬁséf ?ﬂ@sgﬁiﬁ%{afﬁg d%t&%m?ggg%fﬁ%}e ship, a

~ladle crane in a stee a ropewa a gondo etc

Al though per:Qdl ¢8be id}sRESHA P bH 2 vaRYbhed: figle @J%f@rfo%en ag?ﬂﬁtﬁf oration

of such a wire rope, a visual external inspection netho guesstimating

deteri or attp@re{aean\éané%er_»oweahﬁbsl&slrr%%ehvaaﬁdr%@leﬁ e 1% e mai nly
for the rope dianeter, br eak ing, corrosion, abrasion, |0sing shape etc.

was her et 0605 © 1SeHe PECAISR GELHOFAERY kiBckDSNRA! AR YRESedGlonc] ear .
In this visual external inspection nethod, however, skill was required and

accur acy - wasiethot @akyraccording to dlfferences anong i ndi vi dual s.
Moreover, since it took time to inspect a long rope and it was inpossible

to perfor m i nspdet ithi suMiesslinekesenhl O nkpect e M@shSdspeswtethr,i t was
difficult to continuously inspect the whole length and it was inpossible to

per f or m onskdeiianchsl nepatte@nand ideucandivadgadt hatedpesatdomicpuad be
hardly suspended. Thus., there was a problemin ternms of safety neasures.
differences among individuals. Moreover, since it took time
to inspect a long rope and it was impossible to perform
inspection unlesé movement of the rope was suspended, it was
difficult to continucusly 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 ﬁeasures.
[0004]
A magnetic leakage flux testing unit called rope tester
1s 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 axially magnetized by a magnet builf in a detector
_ while the wire rope passeé through a detector coil. When there
is breaking éf a wire, magnetic flux is leaked into the air
because of reducti;;‘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




[ 0004] A magnetic | eakage flux testing unit called rope tester is
known as a testing unit which can inspect a rope w thout suspending
novenent of the rope. This unit uses the fact that a wire rope is axially
magneti zed by a magnet built in a detector while the wire rope passes
through a detector coil. Wien there is breaking of a wire, magnetic flux is
| eaked into the air because of reduction in a section of the rope. A change
of the | eaked magnetic flux is detected by the detector coil and Qutput as
a signal. Even when such a nmagnetic | eakage flux testing unit was used,
data coul dyhiey OWlRU GO 1O ARALAYy! E6 UM a185C re80-00AL dilc Was
difficult to specify an abnornaP spot 9 "t he rope from an abnhornmal spot on
the data. dbhepyehc LHGOIPALGN! €6l BoVELSy N RIAGRE1 LBoadgk thn, there
was a problemthat the abnormal spot was often m ssed. scl osure of the

I'nvention Roblegh bhatphdEnd N\t 8R thel@at30! VRioreover, judgment

criteria were not placed. In addition, there was a problem
-that the abnormal spot was often missed.

Disclosure of the Invention

Problems that the Invention is to Solve

[0005] |

The invention was accomplished in order to solve the
‘foregoing 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 detericration of a wire rope used as a running.cable in
an important facility or a facility which 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 the measuring unit 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 is an




[ 0005] The invention was acconplished in order to solve the
foregoi ng problens. An object of the invention is to provide a wire rope
rTenote surveillance system which can performrenote, accurate, objective
and continuous surveillance concerned with deterioration.- of a wire rope
used as a running cable in an inportant facility or a facility which has a
tendency toward a serious acci dent when damaged. Means for Sol ving the
Probl ens [ 0006] In order to achieve the object, the invention is
characterized by including: a unit which neasures a status of a wre rope;

afirst suyelllance anpar af us WO ). conoRel ed Lo- e, MaASH 10 unit by

a communi cati on uni and wh records, I SpPIays accunul'at es neasured

data out puLo g QIR SERRUT IA1G Nl 4y 183 8o UGNt Dased ot he rel ation

with the accunul at ed nmeasure ata as to et he not there~i's an

abnor mal | ¢ Yom AR dASUES 1 ALAL NN NAPTLAIREGCLS B3R ARERT AL £ikeiand &
whi ch 1

second surveill ance apparatus s connected to the first surveillance

appar at us &hauigh 3 coappaksats onuiils apd yhich exchangesndaig i th the

~first surveillance apparatus, checks the data judged by the first
survei | | ange-apPar-Rlds .3garBche fBke & d iMdle 3€FHi8hNJda08ibAf ¥ the

first surveillance apparatus of the final decision. Effect of the Invention
informs the first surveillance apparatus of the final decision.
Effect of the Invention

[0007]

According to the invention, it is possible to perform
automatic and continuous surveillance in terms of a status of
deterioration or abnormal of a wire rope while an apparatus
or facility equipped with the wire rope is kept operative
ceaselessly and even.-when any expert for Jjudging
deterioration/abnormality of the rope is absent in a site of
‘use of 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
accumulateddata,andissuesanmrningautomaticallywhenthere
is an abnormality. Further, upon reception of the notice of
the abnormality occurrence warning, the second surveillance
apparatus located at a remote place judges again 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 is possible to



[ 0007] According to the invention, it is possible to perform
automatic and continuous surveillance in terns of a status of deterioration
‘or abnormal of a wire rope while an apparatus or facility equipped with the
wire rope is kept operative ceasel essly and even- -when any expert for
judging deterioration/abnormality of the rope is absent in a site of use of
the wire rope. In addition, the first surveillance apparatus
processes the neasured data sent fromthe neasuring unit, judges whether or
not there is an abnormality based on the relation with the accumul at ed

data, and YA nRY! QUBLLCRY | ¥ndhen ERRLe.d S an, QAR i Ly,

. 1
Furt her, upon reception o € notil ce nornmal ity "occurrence

war ni ng, - the $AcARd JULYLELLAREE: %%E}i?ygﬁ%aﬁggi% ArdSTMidmdpliace judges

agai n whether or not there Is an abnorna ues a command of rope

repl acementsn Lt G @sal E@_ i %lssgsgé%dé)ﬂ%l%?dtg'%affieréémﬁlgi\b%i FLARGR

apparatus. Accordingly, it i's possi bl I nprove surveillance accuracy
and to const stiNtdyeper formoptini zation and econonic efficiency for the
rope replacenent tinme, so that it is possible to build a safe condition for

use of the ropern additid, adll sh@Rent BEn SYStAIPEAN vhenf O PBbuan a
conputer and a software program are used in conbination with an existing

measur i ng aty &.soAeGeke fue dsant e S¥SHEIN 681b DEatad weth Qul et swinel ati vel y
| ow cost. Brief Description of the Draw ngs
- measuring unit. Accordingly, the system can be carried out
at a relatively low cost.
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. 51 (a) is a display screen wview 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 corresponding to increase in the number of
operating cycles.

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




[0008] [Fig. 1] (a) is an explanatory view show ng a whole of a wire rope
renote surveillance systemaccording to the invention, and (b) is an

expl anatory view showi ng details of (a). [Fig. 2] An explanatory view
showi ng an exanple of the wire rope renpte surveillance system according to
the invention. [Fig. 3] An explanatory view show ng an exanple of a
nmeasuring device. [Fig. 4] A flow chart of the surveillance system
according to the invention. [Fig. 5] (a) is a display screen view of
nmeasured data, and (b) is a display screen view at neasuring time. [Fig.

6] (a), (bivanehdon 38ud" RESs %ﬁ%@%@geﬁ&@?%t@ apheaspred wvol tage
~corresponding to increase in the nunber of operating ‘cycles. [Flg 7] (a)
is a graphgshom $¥bdihe; %%EaEbQthgﬁwﬁﬁ%héﬂh time and the evaluation
value by two patterns.
[Fig. 8] A graph showing a voltage value of a signal.
[Fig. 9] A graph showiﬁg an area value of the signal in Fig.
8.
[Fig. 10] A graph showing the relation between the signal
voltage and a residual strength.
fFig. 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.
[Eig. 131 A graph showing the relation between the signal area
value and the residual strength.

..[Fig. 14] Graphs showing 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 cycies 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
increaséd 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.




eval uati on value and a residual strength rate, and (b) is a graph show ng
the relation between time and the eval uation value by two patterns. [Fig.
8] A graph showing a voltage value of a signal. [Fig. 9] A graph show ng an
area value of the signal in Fig. 8 [Fig. 10] A graph showi ng the relation
bet ween the signal voltage and a residual strength. [Fig. 11] A graph
showi ng the rel ation 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. 13] A graph showing the relation between
t he signal [Bk®a 1Pa| Besxarh shewingi thalredtaténgt between the number of

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

 area.

[Fig. 19] A graph showing the relation between a real number

of operating cycles and the number of broken wires.

[Fig. 20] A graph showing transition of a signal 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 rpgg.diameter.

Description of Reference Numerals

[0009]

1 crane {(facllity)
-2 wire rope

3 measuring device

6 first surveillance apparatus

6a compuier

7 second surveillance apparatué
Ta computer

Best Mode for Carrying Cut the Invention
[0010]

The first surveillance apparatus has a measurement




[Fig. 14] G aphs show ng a whol e waveform and an enl arged waveform at a
certain nunber of operating cycles. [Fig. 15] G aphs show ng a whole
wavef orm and an enl arged wavef orm when the nunber of operating cycles has
further increased relative to Fig. 14. [Fig. 16] G aphs show ng a whol e
wavef orm and an enl arged wavef orm when t he nunber of operating cycles has
further increased relative to Fig. 15. [Fig. 17] A graph show ng the

rel ati on between the nunber of operating cycles in each of Figs. 14 to Fig.
16 and a signal voltage. [Fig. 18] A graph showing the relation between

the numbeledf ARCLBLLIGn CYRLER LOeae nlloFidiRncl ddikidn 1€ 2AF a signal

area. [Fig. 19 graph show ng the rela et ween real

operat i ng'r@é%kﬁ%narlﬁjnf{'Qna%ﬂrﬁtsb{;ﬂgma@u&?ﬁg unit to execute an

operation such as start, stop or the like in the set condition,
a recoxrding and display portion which records measured data
sent from the measuring unit and displays the measured data
onamonitor, a collection portion which stores and accumulates
- data, a judgment function portion w‘hich analyzes the stored
and collected data to thereby judge whether or not there is
an abnormality, and a communication portion which communicates
with the second surveillance apparatus when the judgment
function poxtion decides that there is an abnormality exceeding
a set value or level and which transmits the recorded data,
etc. in accordance with a request or instruction Ffrom 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




[Fig. 20] A graph showing transition of a signal area in accordance with

the number of operating cycles by two patterns.

[Fig. 21] A graph show ng

the contents of Fig. 20 with increase of the signal taken as its verti cal

axis.

invention. [Fig. 23] An exanple of neasured data show ng tenporal
of a rope dianeter. Description of Reference Nunerals [0009] crane
(facility) 2wire rope '

a measured value with passage of time is analyzed in each cycle
in one segment and a judgment is made as to whether or not there
isan abnormality, based on whether or not a rate of the increase
exceeds a predetermined criterion value.

According to this configuration, inspection does not
depend on human's sense such as experience but judgmeht as to
deterioration of a rope is performed objectively and
quantitatively. Thus, a result of the judgment dos not vary
and the judgment time can be shortened. As accumulation of
measured data increase, the measured data can be fed back to
the past record. Thus, accuracy can be improved.

[0012] |

There is used a judgment program which sets wi-re-bréaking
as a target of measurement of the status of the wire rope,
weights measured values respectively with 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.

Accoi:ding 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. Accordingiy, it is possible to cope

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

[Fig. 22] An explanatory view showi ng a second enbodi nent of the

change



3neasuring device 6first surveill ance apparatus 6aconputer 7second
surveillance apparatus conmputer Best Mdde for Carrying Qut the |nvention
[ 0010]

high.

[6013]

There is used 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.

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 invention will 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 Il
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



The first surveill ance apparatus has a neasurenent control portion which—-
sets a neasurenent -condition of the nmeasuring unit and instructs the
measuring 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 neasuring unit and di splays the neasured data on a
nmonitor, a collection portion which stores and accunul ates data, a judgnent
function portion which analyzes the stored and collected data to thereby

j udge: whet her or not there is an abnormality, and a comunication portion

whi ch commugheaes s bRk seEond sl vaulikancengpaasat us when the j udgrrent
nor ma

function portion decides that there is an ab Ity exceeding a set val ue

or level and whigle tFafsids tmnﬂe%cogda@s@;ahgtegt & ddhtacgorgance with a
request or instruction fromthe second surveillance apparatus. The second

survei | | angespinal akdsphashd ridaka L aJUESE: ddIGI el RAHL-ER Whh&h £hecks an
abnormality occurrence report sent fromthe first surveillance apparatus

and j udgesishahigipedr wieh deisidred 1dat 2aSHEA ASei BYesdahR @Rde nyyreri cal
data are to be requested, a judgnent function portion which analyzes data

sent fromfde 8itstipafiyeid] angs appedaints tomdienehy gadigmarhet her or not
it i's necessary to replace the rope, and a command sendi ng portion which

- sends a resitdlefs The pndgment «n@ theaf f184t HiM@ililance apparadus. [ 0011]
Preferably, a measurement section is divided into segnments in a | engthw se
di recti on efuigred dpeani obseasetiain mome@svhedh®¥ashiep W t h passage of tine
is analyzed in each cycle in one segnent and a judgnent is nade as to
whet her or not Theresfsrearcabwaseml’i dysidpastesk ansadveichetnroeihbinge rat e of
the increase exceeds a predeterm ned criterion val ue.

apparatus installed in a remote place such as a loockout station

C in Japan; and 8, a transfer antenna installed 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 external detection portion includes a unit for
correcting an electromotive force detected by the detector coil
3b based on the acceleration detected by the acceleration

sensor 3c¢. This correction unit has a gorrection circuit 30

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

11



According to this configuration, inspection does not depend on human' - -
sense such as experience but judgnent as to deterioration of a rope is
‘perfornmed objectively and quantitatively. Thus, a result of the judgnent
dos not vary and the judgnent tine can be shortened. As accunul ati on of
measured data increase, the nmeasured data can be fed back to the past
record. Thus, accuracy can be inproved. [0012] There is used a

j udgnment program which sets wire breaking as a target of neasurenent of the
status of the wire rope, weights neasured val ues respectively with a
plurality of levels taken as vqltage height due to th rea |ng in a
nmeasur ement’ %’(?t FORS i%‘f?éi:ll%l P@grp%‘i‘%? gE %fcctrﬁégcé\? E%t?lé?j{) e, and
makes a deci sion that the wi,re ro nor mal mgfn t he ev Iuated val ue

exceeds a peFht oxf Ve ﬁ%ﬁﬁ%lFﬁtgd%uStlng REEGPHT éofhﬁ?n 6H9|6urat|on

when a de of. .deteriqra a_tine, 0|nt af.ter, el apse q
O oS08 Vrd g QB rE%%Eb %ﬁrcﬁﬁttﬁﬂab Fggefg 6 lead to

predeterntne perlod S equ

e g e Rle LR L0 I 'dsetse%% Spy I8 AR L2 IREE LORlo e w T e v ope

i s abnor ccor I'S pOSSi o co e mnt en abnormality,

so that itmjs AASIIRL Snt%u5899t§a£85¥stfﬂé3 145%%5”31 calculates a

degree for raising or reducing a detection signal level to keep
the detection signal level constant regardless of the
accelexation bf the wire rope relative to the detector coil
3b, and inputs the calculated degree as a correction signal
to the correction circuit 30. Incidentally, it is a matter
of course that an-amplifier, a filter, a wave detector, etc.
are also provided though they are not shown in the drawings.

[0016]

A wire 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 b_y
wire breaking, etc. The change quantity of the magnetic
‘leakage flux is detected by the detector coil 3b and.;onverted
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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There is used a judgnent program which sets wire breaking as a target of
measur ement of the status of the wire rope, sets, as a criterion, an
integrated value (signal area value) fromvoltage values due to the wire
breaking in a neasurenent section, detects change of the integrated val ue
in accordance with the nunber of operating cycles, and decides that the
wre rope is abnormal when the change is so large as to exceed a perm ssive
change rate. According to this configuration, it is possible to
recogni ze the extent of occurrence of wire breaking easily in addition to

the aforenentioned effect, .so that, it i ossi.bl e,to i nprove_accuracy of
j udgnent . Enbodi%r%lﬁf a@[ Yoot magnltuc;%ﬁ%o '?@ﬁ?&a&fqu{%sﬁ\?eﬁ? i(;c%e

on will be

descr i bed hel o Wt ipd BLet ege LA Le, corpanyigg AN o ne  FIO- 1

and Fig. an exanp ére e"Irnvention isap o Tenote

survei |l ange, of %%gr?oﬁ%ﬁi&%f%%eizﬁéaasﬂ%ﬁ P& s .Suﬁﬂeﬁfcg% AAENE ship.

The reference nu designates a crane equipped-in a s awre

kT e LUt E g R T A

3 is located fpearfye & AUt L8P P Q] NehPbS1ence of the magnetic
field due to wire breaking or 1ift noise increases so that small
wire breaking or lift noise is detected. On the other hand,
when the velocity of the wire rope is slow, there is a situation
that even large wire breaking cannot be detected. The:efore,
the acceleration sensor and the correction unit are used in
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.

[00617]

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

The first surveillance apparatus 6 includes a computer
6a and a wireless LAN antenna 6b. The computer 6a includes
a4 measurement control portion which sets a measurement

condition of the measuring unit 3 and instructs the control

13



exanple, the invention is not limted thereto. The reference nunber
4 designates a control panel disposed nearby the neasuring device 3. The
‘control panel 4 is equipped with a controller 4a and a wirel ess LAN unit 4b
for data-transfer. The reference nuneral 5 designates a wireless LAN
antenna; and 6, a first surveillance apparatus equi pped in an observation
room B on the ship. The reference nunber 7 designates a second
surveillance apparatus installed in a renote place such as a | ookout
station Cin Japan; and 8, a transfer antenna installed on the ship. For

exanpl e, the t sfe nna 8 Is constituted NNARS T antenna for
pér?'grmngpacfb ek e A G e bRas e bag ey 6s Lif

t hi | eakage, f t est
it ha PhaEroRG 1”5""51‘1‘%'ngsp‘é%ﬁv'y%§F§%ﬁ%e%%%ma%ﬁaraévﬁ%sﬁena Udes a L

magnet 3a Jor. HGRLtLEl NO-a e JORR. 3 deteqlan; oLl ydb 196 detect i ng
nagnet|c Iea age ?M re’i’s broken, a n acce erat|on sensor

3c for téﬂ%.ca dadé(@Ja %%I %ymoq{:l_tol}e ch{oe_‘l_le%%%ogo ér.rlt_g.\.dﬂn'w}l?tgh rgat:g)r}%tsl c field.

An extern etecti on ion’includes a un r correc

el ect r onotj, \66%39151{-},?1 i%%ﬁ%e%u&PS a%f‘ctaec &Ek%aﬂﬁn%% or ectl on unit

accel eration detecte e acce eratldn

has a cor raGldnon i hSWkt +38 E%r&&?r E&tbaﬂlé‘c%@r}ﬁ’éaﬁﬁte%ﬂo%%ab ridhe
detector coil 3b baSed on the acceleration and outputting the corrected

signal, anGiReeorfRSIAON @uantidd Y ¢adiStiNg A6 I e drodh ifeQr, SeRdling a
correction value to the correction circuit 30 based on an accel eration

si gnal detegieeib¥tihg ecehshalheBhSRaRn3catdBewGOh atld OdbdpmNtity
adjusting circuit 31 calculates a degree for raising or reducing a

det ecti on ssirgRah 1havel apghkAeR thehdetREiisaBnSE INlad evat €rasd ant
regardl ess of the acceleration of the wire rope relative to the detector

coil 3b, amdabnpuihslibe Saleedliabes oWt rasnadCRENesiroNe$ébNalnd 0 the
correction circuit 30. Incidentally, it is a matter of course that an

anmpl i fi er whd chitt@ismid VaN€ réebeab8meRiGedad£ral 80cpriovideskddroaegh t hey
are not shown in the draw ngs.
w1th a request or instruction from the second surveillance
apparatus ‘7.

[0018]

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

The computer 7a has a data request 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 Jjudges whether or not

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

be requested, a judgment function portion which analyzes data
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- [0016] A wire rope is made up of hard steel wires (carbon steel)
which are ferromagnetic substances. Therefore, when the wire rope is
intensely nmagnetized axially by the nagnet of a nmgnetization detector,
magneti c | eakage flux varies according to the change of a |ocal sectional
area caused by wire breaking, etc. The change quantity of the nagnetic

| eakage flux is detected by the detector coil 3b and converted into an

el ectric signal so that abnornmality of the wire rope can be found. A
speci fic exanple of specification is rope dianeter used: 40-60mm

measur enengenel@ohivhe A A0 PLL: 1 BILIBENSL 2t é%%g:ﬁg.f%@ Y%hrreé:gni tude of

magneti zation using a permanent nagnet.

the signaloingseagsse aepineerbBARLs Ofbibe RECLHINANE! cBhAEnd NELERSRS. The
magni tude of the signal is proportional to the neasured velocity.” Wen the

W re rope poyesord alchntRmiRENStiLsfiebd W haghhenfy RHeVeiQGi ty of the |
rope is not kept constant, turbulence of the nagnétic field due to wire

breaki ng osutvdilnnicke aps4RASRS 60 t hdte SBhinaWll &si@aki NGo¥idd ft noi se
is detected. On the other hand, when the velocity of the wire rope is slow,

there is acsitaiaid an fhatieMebol ai ger MidiEindy adlel 74 reanpetvoel oaicct ed.
Therefore, the acceleration sensor and the correction unit are used in
conbi nat i c¥ppEratescrd ed caboye Sioe thedsdtwnahet eohtionish ghadh |aveln can be
rai sed or reduced in accordance with change of the velocity of the wire
rope. I n thiterminend chiange theakidypentt condigii dico feas Wrediraind, hetconst ant
detection accuracy. [0017] The controller 4a of the control panel 4
is a unit Yrsm appeythen afi Acbnpend efinohhps coesant edri ndeperctian si gnal
output fromthe neasuring device 3 and recording the converted detection
si gnal . THéai §1x$zeduneablizaded apparat s afisperfecnd oméheusamarei | | ance
apparatus 6 through an LAN unit by a wireless LAN The first

survei | | andElospan aels - 61hnthedédss tgreomplitera staeardt acwhd et bss 4rAN ant enna
6b. The conmputer 6a includes a neasurenent control portion which sets a
neasur emetUKBedtt copddtieme neasuring unit 3 and instructs the control

[0013]
Incidentally, the judgment function .portion for
- analyzing the measured data stored and collected in the first
survelllance 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 reqguest 3judgment portion, etc. are
constructed as software.
[6020]
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

idetected.continuously'in this example while the rope is moved
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panel 4 to start/stop the nmeasuring device 3 in that condition, a recording
and di splay portion which records neasured data sent fromthe neasuring
‘devi ce 3 and di spl ays 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 neasured data and judges
whet her or not there is an abnormality, and a conmunication portion which
comuni cates with the second surveillance apparatus 7 when decision is nade
that there is an abnormality exceeding a predeterm ned value or |level, and
which transmts the recorded nmeasured data, et¢. in accggd nce with a

request or®% st PEELFEH Y9 @fitHe sBEORIFaRINeitPEEnTea Pt &8¢ #T° [0018]
Expert. ot SR of i irihery Hor b 1AM oSSR RS PEpsieThe second
dout ce. b SelRRRF o Bshe RE S ST Bk Che ¢ P Ro B s Rand Bpa e I
cochrrance r eporie aB LR Bk o 108 e R PRSP e ot o Y

sur vei | | angg,3pRapales Byl 2l e AeLgL CONECE 0. dayl e Abyand | udges

whet her or not ata such *as 1Tnage data, nunerica ata, etc. are

to be reaussledeud bULOEOLLLNCt 1Al ROGLLABEILEL Al HahdAl 45 Sent

fromthe fi'rst surveillance appar.atus judges r or not rope
repl acenenie 3 hERW By o APLH A %'?P@&é&ﬁﬁﬂ&l PO | OB chgtaaASM TS a
resul t of@%%e fudgnent t% t he ??rs survel |l [ ance appargtus 6. %he conmmand

sendi ng part A8 §RAt@lNS e YBGHEAR LA dNShlyeli BAat hecdidsd esenvei | | ance
apparatus 6 to change the neasurenent condi'ti on such as an interval and

change theyddgnmeRy caiplitd10en8hgbhs s PERYmARsueLa- akpani & eanty-er of a
command fromthis command sending portion, the first surveillance apparatus

6 perfor mpyTeRs URiFRh: FMAGIRIN poftEonl Nuike desi SN3t ad ABAS wWhaReNt
condition and judgment condition.
the value or increasing rate exceeds a predetermined criterion,
oécurrence of an abnormality is transmitted to the computer
7a of the second surveillance apparatus 7. ST
[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 reach other by a dedicated cable as operation
preparation, the detector 3 is installed in a predeterminéd
. place and then setting of the controller 4 is performed. This
- is to turn ON a channel (1ch) for measurement and Aselect a
measurement velocity changeover switch. Confirmation is made
as to whether the direction of the wireless LAN antenna is
ﬁormal,_ and the observation room-side antenna is directed

‘toward the detector-side antenna 5. Connection of an INMARSAT

phone is checked.
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[ 0019] : I ncidentally, the judgnent function portion for analyzing the
nmedsured data stored and collected in the first surveillance apparatus 6
“and judgi ng whether or not there is an abnornmality, the judgnent function
portion for analyzing detailed data of the abnormality in the second
surveill ance apparatus 7 and judgi ng whether or not rope replacenent is
required, the data request judgnent portion, etc. are constructed as
software. [0020] Measurenent is basically perforned in such a manner
that a nmeasurenment section is divided into segnents in a | engthw se

di rection of th% 22? and magnetic | eakage flux voltage is detected
continuously in £Ai exanple while the rope is noved at a required

vel ocity. Preferabl this nmeasured data are_ dat bj ect ed, a veIOC|ty
correcti.on roc@?s %‘iftﬁb © aCCHPEFEE o ﬁs&rhea %llﬁléfe gotYec a(?n unit as

d i bed | essly t f d f
(T Lo g oo TR olﬁazamesan%z IR0, o
6 and storeg, The, af.geneati oned. neasurenent, i, perfALIpd Aoy val s of a

predeternlne asure seg are displayed

and recordgd eﬂsma(&i@n gf}g%%%%g&% C&éng%9$ea he s yredhdala is

anal yzed by t he J udgnent Fon °porti on en decision’is nade that the

value or idengastig, ale-gxeeeds o egel & PEd 14 Ley LA 0eatiy ence of

an abnormality is transmtte the conputer second surveill ance
apparatus ¢htered in communication setting. In addition, mail
communication setting {(message check time,

transmission/reception interval and end time) is performed.
A ropelvelocity {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.

[0023]

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 a2 measurement start time
is entered. When measurement i's 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.. In the case
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[ 0021] Fig. 4 shows a surveillance chart according to the system of
the invention. Wile 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 predeterm ned place and then setting of the controller 4 is
performed. This is to turn ON a channel (lch) for neasurenment and select a
measur enment vel ocity changeover switch. Confirmation is nmade as to whet her
the direction of the wireless LAN antenna is normal, and the observation
‘roomside antenna is directed toward the detector-side antenna 5.
Connection_pf an MARSAT phone is checgked, 0022] fqr. the
conput er G%Pg'ranflﬁ '\‘f‘?lr%glers'uF‘%F‘l”F%fﬁ% &Epﬁ?%{%gé,% e E’Rﬁi%@%?%%sa phone

| i ne cabl e_and .a power_supply cable_a nnected. to the r. and t he
computer (SRRl mE AP Rt ot B SRSor hnerd Cfs SETREYs 45 T

-add f [ P d i]- '
ontored | etunArEsy, SHREEE YA e RN Bhkat PRERRSRIE AL S i g

- (message gheck il Bé??y}?{%a’f‘éi 09(73%?8%8 éz;?P 41{;}1‘:‘5‘6 valy %Egmfﬁ'gtéé ®) is

performed. A rope vel oc real velocity val'ue of a judgnent |evel

R R T R
' This is a mode in which a rotary encoder attached to the
measuring device-B is used as shown in Fig. 2, and when a rope
‘moves, measurement staﬁts based on oﬁtput from the encoder.
Based on the encoder output, a movement distance of the rope
can be recorded so that a measurement place of the rope can
be specified.

[00625]

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 wveloclity 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 pexformed.
Fig. 5{a) shows a monitor screen before fhe measurement starts.

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

18



Successively, tine trigger setting is performed in the measurenent setti ng
When nmeasurenent is performed once a day (rreasurerrent starts at a
‘predetermned tine point) , a check is put in "neasurenent time point" and
a neasurenent start time is entered. When neasurenent is perfornmed at
intervals, a check is put in "interval" and a neasurenent interval is
entered. Finally, a neasurenent tinme (e.g. 30 mn at nmaxinmun) is entered
and a set button is clicked. In this manner, nmeasurenent starts
automatically at each set tinme point. [0024] In the case of another
setting noged tdran 1oke® ba-g0eY anMRRtakgbli §885h G $hiBhea NBASWRENt 1S
selected. In the case of manual trigger, neasurenent is started at the
same tinme &slédtiakiAgn Qhe &ndRAIHARIENE d3bpLhybaihoDe chnatkBedcasaaf sinple
measurenent, a format is made as neasurenent preparation, and neasurenent
begi ns at &{eatuwienBntetimlle afthdurdibasaain AHIRASHEGRERAGLRRE
Alternatively, encoder trigger may be used. This is a node in which a
rotary encoaeyneatitcadkedabe thexneasutiogs deppeer 3in S5 uskscas. shuhen in Fig.
2, and when a rope noves, neasurenment starts based on output fromthe
encoder. Basgthrenl tdetacrcedebtaihpdt inasuok eaenamok:stidmoe ofsidmalr ope can
be recorded so that a neasurenent place of the rope can be specified.

[ 0025] detedAfederby hehaf dgietrentroned 1prepacatierteapebas¢dnena a8t ar t
command is transmitted fromthe conputer 6a to the controller 4a of the

" det ector Fdselaratilionebessed AN tthes teancte lepasdoenesnsoThe control l er 4a
fetches data about the set tine, analog-to-digital converts . a neasured

el ectric signal [0P8ébrds the signal as a digital signal on a nenory of the
‘body and on a nenory of the conputer 6a by the wireless LAN, and displ ays
t he nmeasur ed daf#cBndatargwiet stored asidbeiceymplated dpe ths QOUaﬁP‘g@EObe t he
measurenment and a voltage of a judgment level are entered in advance in a
t ext box d}ortqi@ncgﬁﬁheepo%utqméa whenever measurement is performed.

The judgment function portion of the computer 6éa analyzes
whether or not the data exceed a preset criterion (setting)
and judges whether or not there is 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
waveform after 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 opérating 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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judgment |evel is a voltage used when judgnent is perfornmed. Fig. 5 (a)

- shows a nonitor screen before the neasurenent starts. In Fig. 5(a), the
‘upper part is a whole graph of neasured data, and the lower part is an
enl arged graph in which a position selected fromthe whole graph is

di spl ayed while enlarged. Fig. 5(b) shows an exanple of neasured data in
whi ch high voltage (magnetic | eakage flux) portions appear in 5 places. The
hmeasured data are obtained in such a manner that a signal detected by the

detector coil is corrected based on an accel erati on sensed by the
~accel eration sen . [ 002 Such ta are stored an accy | ated in
he col | ectTbARdRERSR 1 PRk CHBAEBr= 6T MRAT et P S e

per f or med. The juq_nentcfu cti gg élon of th% comput%&am n I%zes

whet her or*Hd da‘a?’é % SPIRIRPSATS (5t FTATY: h B=udges
whet her or_ h nor ity ) qgg sShow an
exanpl e of " rIrnputél} §lia$ gﬁ‘gg&?an 8F{mv%ﬂ' eas“ﬁr%gd gaéggd I(sgéarrpl e, Fig.

S(a) shows.g yal fags syl of &f?t?% 55 5 Bsada PREy Ahiie BXELR3q JH OLP)

shows a vo tage mavefornla era t can be found

from Fig. (D) akgg%og%r ge9£ %ééﬂlﬂgtoggn% L5 G &a&ag%(@ 1sga%wana @t age

“waveform a perating cyc t can oun romFig. 6(c)

that the niher (Qf, Beoken.wifies INGLSASEH- VLPQQJA of 4.9v.Here, evaluation
based on vol tage height is taken as an exanple of the way that the judgment

function porti OfolUdGes16EYMHALLE) a 8BL A twbYeh dsShARS A AFRE dulbdch a
manner that a HHX|nun1nagnet|c | eakage flux 'voltage with el apsed years is
of values in a predetermined section though the data exhibit
a maximum vo_ltage of 3.5V which does not reach the set level,
there is however a possibility that decision may be made
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 voltage height in a
predeterﬁined measurement section and the number of pieces of
data (time or length) exceeding the level of woltage 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 peints for 0.5 sec. in a length of 10mm. The lnumber
of pieces of data may be replaced with the number of _voltages.

The level of wvoltage height is divided into sewveral.

levels and weights are given to the levels respectively. For
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set in advance so that occurrence of abnormality can be deci ded when a
val'ue exceeding this voltage appears. For exanple, the maxi num nagnetic

‘| 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 nmaxi mum voltage of 4.9V.
For exanple, when data after two years have a | arge nunber of values in a
predet erm ned section though the data exhibit a maxi mum voltage of 3.5V
whi ch does not reach the set level, there is however a possibility that

af or omont | SHREH 67, £E7PUS RBRGHETHaoHEE: 1Y o 4RbbI I B0 RRGR 1 HARt he r ope

| nvent 1 on PBRSSCRP L BT oAb AANAr (e DO HEPHOD 2VA 15450 Fodb P ohe
herght i n Gt BRBDEF A edohessr SRS S GRE: L and e LN 3pi cces of
For "examprs. Pat8Ef: S HSRRE-IRr ghifeded" 8k Spdly AN RETRER A LTIV ane

th nber_ qf . pi . i ' [ I th
of 10mm - Tsa ol BEr S oo ded et of YK pEhate Py RSt e ot

voltages. so v (2 ~THP koxel, ofs vobiagedie ofif I 8, divi ded; daiapsgyeral
evel s and wei ghts are given to the lTevels respectively. For
obtained. Accordingly, when the weéight for a high voltage
value is set to be heavy, that is, when, for example, the weight
for a voltage value over 3V is set at 5 and the weight for a
- voltage value over 4V is set at 8, the influence of the 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 afofementioned
condition, decision is made that the rope is abnormal and needs
to be_replaced.
[0029]
For example, assume that the aforementicned evaluation
-value was 10 affer one yvear, 20 after two years, and 30 after
three years (pattern A) in oné 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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exanpl e, assum ng the |evel over 1V: weight 1: 50 points (the nunber of

pi eces of data) , the |l evel over 2V. weight 2; 30 points (the nunber of

pi eces of data), the level over 3V: weight 3: 15 points (the nunber of

pi eces of data), the level over 4V: weight 4. 5 points (the nunber of

pi eces of data), then 1 x 50 + (2 -1) x 30 + (3 - 2) x 15 + (4 -3) x 5 =
100 .can be .obtai ned. Accordingly, when the weight for a high voltage val ue
is set to be heavy, that is, when, for exanple, the weight for a voltage
value over 3V is set at 5 and the weight for a voltage value over 4V is set

at 8, the jnfluenc f the voltage, height can, be reflected. en .t he change
rate is not® S%qoggeﬂhgﬁc%us& g&@?éﬁﬁ?nﬂ% rf\?élﬁugpl?? omYiew ot® :’é}"]%é_ rltle npor al
change (sl f .change f the eval ion.value in.t for tioned
condition,Sgg%ﬁ%ﬁgﬁegsoﬁagget@éﬁthﬁeﬂ?%%g ?%F%ﬂﬁﬁﬂ’%glggﬁg ﬁ%%ds 0 be

repl aced. 'L%g%%leeds tfob§? %&(gcng)d edasae%isggeg#l{ggéa{@eer@fé)r enment i oned

eval uati on ue was one year, Wo years, and 30 after

three years (parhelm i) bRofge gasaand phe,aletamni gnod, aualuat | on

value was 5 after “one , WO years, after three years

(pattern Blod, angiiere,easen LocLhese Lasesanl Be aRytAumEhae gate is 10

per year in the pattern per year in the pattern B. Therefore, when -

a change raieNAlentMibl 8h B3P eTvyRAY JoS PEeget 728) ask &R agrment
| evel , unexpected or sudden deterioration can be supported because

deci si on i g RdRN Bt wddiCt {RPBnb%rSEaludtSAP €aNasedsenckh@chaidiy n A but
decision is made that the rope needs to be replaced based on the pattern B.

in the pattern B is larger than a critical slope angle, decision
is made that the wire rope needs to be replaced.

[0030]

Next, a second mode of the evaluation method in the
Jjudgment function portion according to the inwvention 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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Fig. 7 (a) shows the relation between an eval uation value and a rope
strength rate. A residual strength rate 90%is equivalent to an eval uation
value 20. Fig. 7 (b) shows the relation between time and an eval uation
value. Since the angle in the pattern Bis larger than a critical slope
angl e, decision is nade that the wire rope needs to be replaced. [0030]
Next, a second node of the evaluation nmethod in the judgnment function
portion according to the invention is as follows. An integrated val ue
(signal area value) fromvoltage val ues expressing wire breaking in a

predet er m pedrEASUr el q8€614QN thiefCli A8 P a61 b LE1IRn (BBHGe.Pf the
integrated value is detected in accordance wth the nunber of operating

cycles. Whehe tdigmsinzeref vhaeChange syeeadsy 8yPeldbsstidlsrchangtod ate,
decision is nmade that the wire rope is abnormal. [0031] I n detail

Fig. 8 shoye E(vayehge Woiud $1 ghdbe 0bt agesyal usr dygrd . W Hreaking. The
voltage is 4.4V. Fig. 9 shows the relation between the wre breaking in the

case of Figut@naitad 15 giilaidieed Bl He.callkullBksoft X ERkeiohhanarga i s 120.
The signal area value is an integrated value of |engths (positions) in a
wavef or m expigessead fupcrabhagervidiles 1ahevhparisorivwgth8Fridhen, deiq are taken
finely at a uniformvelocity, the signal area value can be obtai ned by
di screte |%nt&ypwd iowaokfbimowhage Valakrse mohte ahapeecesaofiodadia). This
is automatically obtained by a calculation function in the judgnment
functi on pdkstimibutdionconmpathasonthet WaFefor8, iBi Flad teheds im watisfor m whi ch
is close to the shape of a normal distribution so that the waveformis
flattened PeFidtivns pobant Aonsbidramlasigbadr medcamghialglyfctbedstatys t he
status of occurrence of wire breaking can be recogni zed correctly.
of occurrence of wire breaking can be recognized correctly.
Incidentally, when the velocity of the rope in the data
is not uniform, the number of pieces of data per unit length
decreases as the velocity increases. Therefore, the weight
.+ Tor 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 multiplied 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 piéces 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 coefficient is low and error
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I ncidental ly, when the velocity of the rope in the data is not uniform the
nunber 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. Wen, for exanple, there is a velocity
difference of 2 times data of two-fold velocity may be nmultiplied by 2 so
that the weight for one data is increased. [0032] Fig. 10 shows the
rel ati on between voltage in the case where the nunber of pieces of data is
6 and rope residual strength. Fig. 11 shows the relation between area

| t f da d dual t R2
Corr el oei il % 2R, S Thebelfdh GO0 %ﬁ%ﬁﬁ%éﬁrgﬂf@mﬁ strength
d | t d t th f d | it
Pe oo DR S 130P A Ay £ AL Tt %&%%ﬁg?%lagﬁ#%”‘é?%f R Vol es?. ation |
f th t 2, F f
e o gnartd Bland £ 9l o0k 880,083 PR IE Ger e PEeTBET & o0
is estimatgdy nﬁg b@f 585 &.d agge %f %%‘V369125J edsiﬁo%bt%%§’é§aﬂ.?ﬁgldrp saf ety

eval uati on resi fength s estlna owner dener al

FS{);“?,]SS' bl@létfe%’lgitquSQi_/ﬁeﬂ@lﬁyllté 2d:iRaE08ted IR NORG"ERLS S&hdiey epl aced.

permissible strength 80%, resulting in that the rope needs to
be replaced.

_[0033]

.On the other hand, when the relation between area
(voltage x number 6f pieces of data) and rope residual strength
is used as a criterion, the area is estimated to decrease like
a quadratic curve from a range over 100 and the correlation

“coefficient becomes very high, -a4s shown in Fig. 13. o

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 periodic inspection.

[0034]

Accordingly, it can be said that the relafion between
area(voltagexrmmbarofpiecesofdata)andresidualstrength,
not the relation between voltage and residual strength, is
preferably set as a Jjudgment criterion for abnormality
judgment.

Figs. 14 to 16 show temporal change of a waveform in
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On the other hand, when the relation between area (voltage x nunbe

_pi €ces of

data) and rope residual strength is used as a criterion,

is estimated to decrease |like a quadratic curve froma range over
the correlation coefficient becomes very high, as showmn 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 nmade that the rope-is still u
Lowering of strength by 10% however occurs, so that decision is m
t he rope needs repl acenent preparation and periodic inspection. [0

Accordi ngl an be.sajd that the _relation bet en, area | t.a
%?C%]&% Cr)ce nd ﬁegg%urélf Eltrr é’r?gf)ﬁerﬁ'g{nq He! &%t oh ée vveer%

of pieces

it f’t‘%,%%l %Eﬁufz %sv"er REFE L8R 7 shghr F SRaA SR U,
d |

oy oy e Sb PRuPPBLEL' iR £2 ablled, oiéﬂmﬁv% e

part theregf alseaa&seehgagﬁg%v%gisgrng +AR %ﬁerlﬁappt a'F@s

| ower part. Fig. 14 s

ating cycle Fig. 15 shoms 3

r of
t he area
100 and

sabl e.
de t hat
034]
e xnunber
vol t age
or
eformin
ty. The
| ower

t he
0, 000

operating gy ®Popdik dggcyéﬁeéh%e 19, &%Qasowrc?dd elgefa/@iregscyéi@pr esses

vol t age and 'S expresses signal ar

and Fig. 16 shows 40, 000 operatlng cycles. Vexpresses voltage
and S expresses signal area.

Fig. 17 shows the relation between voltage and the number
of operating cycles in Figs. 14 to 16. Fig. 18 shows the
relation between signal area value and the number of operating
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 breakirg agrees well with
the signal area value. Thus, in the invention, the relation
between signal area value and the number of operating cycles
is .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 -

25



Fig. 17 shows the rel ati on between voltage and the nunber of operating
cycles in Figs. 14 to 16. Fig. 18 shows the relation between signal area
val ue and t he number of operating cycles in Figs. 14 to 16. These rel ations
~are obtained automatically by a programin the judgnent 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 nunber of operating cycles. Fig. 19
shows a result of practical exam nation into the status of w re breaking.

1t can be found that the status of w re, breaking.agrees well w.th the
si gnal ar'e%yc\:lja?%'e. Q?hﬂyf pla%%]_e%:g Z}’nﬁ\é\ﬁﬂ?i%?Eertlt’i’é:a%éf)gt?%%u?eFﬁBI\émnt%sﬁ gnal area

Uhat v ot Aot bR PRt A R Pt el S T B e *C

wavef orm . i 0...20 sho ransition of. sign I, si gnal

‘I nt egrat ed&%g%:’!a anldﬁ algcg?ga‘%%tete\%nt %'}tﬂlﬁ%%%%l re'%lr1l::Loc1Wl (%gr%g i%latgcbyc ((as. Ign B

th tt i i f th i Nl i f
© DAL Ol e ST ERE AV BB ORAULS (L EDSHIAUN B Dl LT ease o

the deterioration i S snal ern

det eri or at Lipd, ACEU I3y g&gd%tthiar@%gﬁﬁgatigﬁ g%gé! om{g:no%ei Sidgrge. The

sl ope of such a change 1s conpare preset critica ope . Wen the

slope is |88 Q8 ren¢if@SEads isNENG 858 1 KR 1R BALEELR B thBe-dpe i
eval uated to be "dangerous, so that deci'sion is nade that the rope needs to

be repl acefs &R1RAUPLS: b HAYAULCYSheEnat NS GRA 187 fAqbScdO for the
pattern A and 180 for the pattern B. Wen evaluation is made only based.on

t he absol uties !‘%Fé%eéctbetg%é %Epfﬁ&édy\orﬁ%-em{é}ﬂ@r inS8NeBoOt Bgcpattern B has
a |l arge slope of increase, decision can be made that the pattern Bis nore

danger ous tHw@Bighel patdaei § 260 MieBnk i tald-hl £ahdsl@Peck S HirepatedbO per
- 10, 000 operating cycles in advance, the pattern A exhibits 50 per 10,000

operati ng BycCkBsnadviheadidie iBGhddte 0h1¢! BhsS1 oh 6Re MHEAYElkesaldd) € the
pattern B exhibits 170 per 10,000 operating cycles which exceeds the.

repl acenenthepeter®is worse. |HeARA, adince the peritkirad hakepatgn be
conceived as a critical increasing anount. Fig. 21 is a graph in which the

i ncreasi ngsumpl {Stopege Olietheishgnal barfadd sHaaKkenegsatidenveris cal axis.
When the sl ope obtained thus exceeds a threshold val ue, decision is nade
t hat 't he - rmepee idard@rgasothan | thd B tEanar, Wiken HihE craftivage siopde rope
can be found accurately and exactly.
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 is dangerous.

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

accurately and exactly.

26



[ 0036]

A maiT—of-the thus-deci-ded result is transmtted as

warning to the second surveillance apparatus 7 fromthe conputer 6
first surveillance apparatus 6. As for the conputer 6a of the second
apparatus 7 which has received the mail, a mail for requesting dat
necessary for judgnent as to whether or not rope replacenent is re
transmtted fromthe conputer 7a. The requested data are inmage dat

di gi tal

data, prograns, etc. The conputer 6a of the first surveil

a
a of the

a
quired is
a,

ance

" apparatus 6 transmts the requested data to the conputer 7a of the second
surveillance appapakys 7. [0037] In the conputer 7a of the
surveill ance apparatus 7, the judgnent function portion analyzes t

transmtted data phugt Q?rtﬁ@@%sadg%ﬁa%dj Hdgpent; by .al 50; exam Elg

change of the data and conparison o

e data with past data, an

second
he

t enpor al
transmts

the final yasgmmnted ochle seaBRYt %ﬁr@éﬂiaﬁ@@ LbpataSid Vel lehanceappar at us

6. In.response to this, neasures such as preparation of a new rope

di spat ch OforgiiRPes tof Sné M rSict Su AF 11ARR. afiiiSt JOBE RRDEBERIRNt
performed w thout disturbance of operation of the facility on the site, so

that it iscqeasidd €ator GO 5BUEnQRA AWt i g hasakebyivEatod ment 2

[ 0038]

In the invention, "neasurenent of rope"” is not limted

mail, a mail for requesting data necessary for judgment as to

whether or not rope replacement is required is transmitted from

- the computer 7a. The requested data are image data, digital

data, programs, etc. The computer 6a of the first surveillance
apparatus 6 transmits the.requested data to the computer 7a
of the second surveillance apparatus 7. |

. [0037]

in the computer 7a of the second surveillance apparatus

7, the judgment functionportion analyzes the transmitted data,

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

and
t can be

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 replacemenf can be performed
without disturbance of operation of the facility on the site,

80 that it is possible to continue operation with high safety.

- Embodiment 2

(00381

In the invention, "measurement of rope" is not limited
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to the case of detection of wre breaking.Exanples of-tneasurenent contents -
(: ‘measuring neans) other than wire breaking include detection of

corrosion: total magnetic flux method; decrease of rope dianmeter: outer

di amet er neasuring device; detection of |osing shape: pitch neasuring

devi ce; detection of position: rotary encoder; neasurenent of tension: |oad

cell;" measurenent of conpanding: displacenent neter; neasurenent of
vel ocity: accel eronmeter and rotary encoder; mneasurenent of vibration:
accel eroneter; etc. [0039] Fig. 22 shows a second enbodi nent of the

surveil |l ance stem according to the invyention. As the_measuyring_neans, al
E%%t%a%ﬁeogngE%FEHO?noédd?FPoﬁqﬁSk&BFect@5ﬁm8 eﬁagﬁetic

magneti c f1%Ux

| eakage fl ux by the aforenentigned rope,tester 3, Further, an _oquter
di aneter MSASUF ARG HeGPRESEET s 1di JEASEALPH BSPBRL SAPRTt GTABALGrE rope

G aMeter SHSGRSFLYEL AU URBEMLS PoeLLOR, e 5Pl Tuifone

These det ected srgnal's C re

anal og-t o-gligl tal sconverd ed and recorded. . These digiiized, datggge sent to

the computer o] i r'st eirrance a us Via a data’col |l ection

Doard by tigswerelgsscbAlh o0 1hathd N8 JudonsoL, ockion, paddign anal yzes

the data and make eticju akl nhg tatus of wire

br eaking Rk cRGEAUN! ookl Ofn 23k Ay LRLoADE, (EYsAPOHLS EER Ao GhANTCS

(brand new, 30, es and cycles) o e rope di aneter neasured

by the outieidianalelXeasuibno d8Vieepdnali£as fordounthrampdiigs. 23(a),

H-gs.
(b) and (c) that periodic reduction in dianmeter Is I n process. [0040]

In this camlsutBRERL! S5 PSIGLI QA &UAYAMYOL Chngelsee¥pl dadddyr;poi nts
respectively for wre breaking, diameter decrease, corrosion, etc., and

i ssues a wRhRuREmshe N feffllAriald.0n B¥eeedscfe Py €A&L.erm ned eval uation
point. If configuration is nmade thus, the necessity and tine of replacenent

can be supervisgdospre accurately froma renote place.

Fig. 22 shows a second embodiment of the surveillance
system according to the invention. As the measuring means,
all magnetic flux ddta are extracted in addition to détection
of 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 (¢) show temporal changes (brand new,

30,000 cycles and 50,000 cycles) of the rope diameter measured
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Incidentally, the rope deterioration/abnormality judgnment in the invention
is not for exclusion of a paraneter as to whether or not a voltage exceeds
‘a set maxi mum vol tage, but includes synthetic judgnent based on conbination
of this paraneter and either of the aforenentioned two nodes. Cains 1. A
wire rope renote surveillance system characterized by conprising: a neans
whi ch nmeasures a status of a wire rope; a first surveillance apparatus

whi ch is connected to the neasuring nmeans by a comruni cati on nmeans and

whi ch records, displays and accumul ates neasured data output fromthe
measuri ng ment based on,the relation w_th accumul at ed

K j ud t
neasur ed d%%gggégﬁﬁgiﬂg?%%‘gbpeﬁﬁ?r%m%PEVFgeé% aBFdFﬁQ??F?PngnﬁxW§sues a

war ni ng n there (s abnornal jty; and g,second surveillance apparatus
whi ch i smg%ln%se'cgégab b @?I::?e i ég?sm%eipletréﬁgéca e tlﬂr‘%luag T grp :
cormunica.tign.n ans, and whi ch exchanges data with the first surveill ance
apparatus °, che SCRE dat a judged by the first surveillance apparatus
again to nmake a BPQBL decision, and infornms the first surveillance
appar at us of thé I'nal decision, wherein the systemuses a judgnment program

whi ch sets i e b eaklng. 85, 399 9L DEASHE STl Sl i of Aldis, Of Lhe

W re rope, weighi's neasured val Uues respec ity of levels

taken as voldnge el g ndUerLOpbhe i 2eaK IR0 B0 EASH BB Secti on

so that the weighted value s an ev val ue, checks’ tenporal change of

the eval uai&d-aalue, -apHo0BkeS a+deci shgy thal,ddhe M L§-heR§ Iwheabnor nal

when t he eval uated val ue exceeds a perm ssive change rate. "2. A wre rope

remot e suryiddidRee i suSEea84s Y Hickrini ALY dva A BRI poli e . fixsst
surveill ance apparatus has a nmeasurenent control portion which sets a
measur emendorGaR@irki-98n0fi 4 NGaEBaSUNIS) FRENH ARG iRt ricd Stihe remsuring
nmeans to execute an operation such as start, stop or the like in the set
condi ti on, repIRERHAENG2A NG CH%:E&I@MS@@&&Q@ A Eh e HeBIGO FdenNB asaticxtk dat a sent
fromthe neasuring neans and di splays the neasured data on a nonitor, a
col | ecti orpIpyd.i on which stores and accunul ates data, a judgment function
portion which analyzes the stored and col |l ected data to thereby judge

whet her or not trhekigehSaBlyAabnengal idgpe andktdeiypatiocedbbadrparityn which
comuni cates with the second surveill ance apparatus when the judgnent
f-uricti on pordgmemtdesitdaes ihkhahtiberes nstafodkelmlibhyoxcpadangten set
value or level and which transmts the recorded data, etc. in accordance
W th a reguesb wietitst lotChbdn o ath e s@eai asHey eidd iamaevappagat us ; and
t he second surveillance apparatus has a data request judgnment portion which
checks an mbindanobhdéy acingtdrceudgpent tserid bhosomibim st ofuthids | [ ance
~apparatus and judges whether or not detailed data such as i mge data and
‘nuneri cal rdatameaiee bodbeitkenest ethe afiordgaent ohadctvomagabad.i on whi ch

anal yzes data sent fromthe first surveillance apparatus to thereby judge
whether 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
appar at us . :
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3. Awire rope renote surveillance systemaccording to Caim1l,
characterized in that the systemuses a judgnent program which divides a
measurenent section into segnents in a |l engthw se direction of the rope,
anal yzes increase of a neasured value with passage of tine in each cycle in
one segnment and judges whether or not there is an abnornmality, based on
whet her or not a rate of the increase exceeds a predetermned criterion
value. 4. A wire rope renote surveillance system according to any one of
Caims 1 to 3, wherein the system u§é&*8S udgment program whi ch sets wire
breaki ng s a tmrgete ebpeeasusesenirai Tlwnsd ayus eaf chheankeeiregdebyset s,

as a criterion, an inte t ed ' I I - I
e to (HEOTRT S BREART TEHT ATieks (P enBAECoB et Tt it BotdEeniaBE of the
i nt egr at effi vat uesirveiccenmdancepwatrhtulse Woiber ¥ cperadtef cyel esheand
deci des trbé‘ésﬁiﬂfn@ﬂe&@%ﬁé’psy'é g&&egﬂfé wheR hbenghangeshscsorbabggsas to

exceed a perm ssive change’ rat AW Te roql;:?gt renote surveillance system
accor di ngditephEs mand waeceri lgEgsur BRBAEref tFatav AtYe £ACMUIERS in

addi tion }0, det-e6kinhf nwkes dredkhRat Bisteas! cnaerafatbbeatitentbé

corrosi on, detection of decreasé of rope dianeter and de i on, i
Shape. accumulated measured data as %o whery':[‘ier oY no t%érgnlgf ax|105| ng

abnormality, and issues a warning when there iz an abnormality;
and a second surveillance apparatus which is connected to the
first surveillance apparatus through a communication means
and which exchanges data with the first surveillance apparatus ,
checks the data judged by the first surveillance apparatus
again to make a final decision, and informs the first
surveillance apparatus of the final decision, wherein the
system uses a judgment program which sets wire breaking as a
target of measurement of the status of the wire rope, weights
measured values respectively with a plurality of levels taken
as voltage height due to the wire breaking in a measurement
section so that the weighted value is an evaluated value, 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.

2. A wire 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 means and instructs the measuring means to execute
an operation such as start, stop or the like in the set condition,
a recording and display portion which records measured data
sent from the measuring means and displays the measured data
on amonitor, a collectionportion which stores andaccumulates
data, a judgment function portion which analyzes the stored
and collected data to thereby judge whether or not there is an
abnormality, and a communication portion which communicates
with the second surveillance apparatus when the judgment

function portion decides that there is an abnormality exceeding

30



a set value or level and which transmits the recorded data, etc.
in accordance with a request or instruction from the second
surveillance apparatus ; and 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

3. A wire 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 a 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 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.

5. A wire rope remote surveillance system according 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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