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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
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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 mm ozkiddnavad iregpeetd oand nadderagndiatdied whatlepecadidingcad d 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 unles.s 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 output as
a signal. Even when such a magnetic | 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'nventi on JRaobledsm bhahohdEnd MR @R LRl 820! VaokA808k, 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




The invention was acconplished in order to solve the foregoing problens. An
object of the invention is to provide a wire rope renpote surveill ance
'system whi ch can performrenote, accurate, objective and continuous
surveill ance concerned with deterioration of a wre 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 Problens [0006]

In order to achieve the object, the invention is characterized by
including: a unit which nmeasures a status of a wire rope; a first

surveill an rat us ichis nn he I Nt .y a
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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 | | ang@~apParalds 2agakBche 3ks ad idle dedishongeand:bnf e the
first surveillance apparatus of the final decision. Effect of the Invention

[ 0007] 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



According to the invention, it is possible to performautomatic and
continuous surveillance in terns of a status of deterioration or abnornal
‘of a wire rope while an apparatus or facility equipped with the wire rope

i s kept operative ceasel essly and even- -when any expert for judging
deterioration/abnornmality of the rope is absent in a site of use of the
wire rope. In addition, the first surveillance apparatus processes

t he neasured data sent fromthe neasuring unit, judges whether or not there
is an abnormality based on the relation with the accunul ated data, and

i ssues a'V%ﬁﬂ%qﬁ% %thgﬁhh%ﬁ% gaggSPaégeéﬁdi%anORQDQEéﬁﬁgﬁsgeﬂ%&’ her, upon

reception notice o normal rty occurrénce warning, the second

surve | | angs ARNANALUS, PERbAGAL o eiBTBLEY R ACEHL UGS, S0l denthi! her of

not there iI's an abnormality, I Ssues a rope replacenent, etc.

as the finalpdeghsin te Ié"%ofsisﬁ’léiesw pal L hanes raPRH AL ASEYd naly, it

is possible to i nprove surveillance accuracy and to consistently perform
optinizati551ﬁygjf%§gnonic efficiency for the rope replacenent time, so that
it is possible to build a safe condition for use of the rope. In

‘addi tion, the syat gRCENORE (HY B WACRA KOMUHMRIG aRdnaa SeddWalea program
are used in conbination with an existing neasuring unit. Accordingly, the

syst em camita GAiftvedeqQitoganfa F&akiVig] ¥ohBih £05dn wBfh ef &eseediinpt i on of
t he Dr-awi ngs [ 0008]
- 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




[Fig. 1] (a) is an explanatory view showing a whole of a wire rope renote
surveil l ance systemaccording to the invention, and (b) is an expl anatory
view showi ng details of (a). [Fig. 2] An explanatory view show ng an
exanple of the wire rope renote surveillance system according to the
invention. [Fig. 3] An explanatory view show ng an exanple of a neasuring
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 neasuring tine. [Fig. 6] (a), (b) and (c) are

araphs eachyshost % chandean £ RASEAdYoLEa0R LA CARANGLNG S o | NoT ease

~in the nunber of operating cycles. [Fig. ~is agraph show ng the
rel ation bgty@ensmdlinRyahdat-boht Yah USe @Rk A iR dual tALr epgidad e, and (b)

is a graph showing the relation between tinme and the eval uati on val ue by
two patterf¥iuve 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. 13] 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. 171 A graph showing the relation between the number of
operating cycles in each of Figs. 14 to Fig. 16 and a signal

voltage.




[Fig. 8 A graph show 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 show ng
the rel ation between the signal voltage and a residual strength. [Fig. 11]
A graph showing the relati on 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
the signal area value and the residual strength. [Fig. 14] G aphs show ng
a whol e waveform and an enl arged waveform at a certain nunber of operating
cycl es. [Fig. 18] A graph showing the relation 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. 15] G aphs show ng a whol e waveform and an enl arged wavef orm when t he
nunber of operating cycles has further increased relative to Fig. 14.

[Fig. 16] G aphs showi 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 showi ng the relation between the nunber of operating
cycles in each of Figs. 14 to Fig. 16 and a signal voltage. [Fig. 18] A
graph showi ng the rel ati on 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 REMeeR Bolkeabn IHIPEL OL-QPEr ALLIG-GYGl e (iBE BEMREE Of broken

wres. [Fig. 20] graph show ng transition of a signal area in accordance

wi th the nunher gl Q& th“ﬂa &3 Pﬂe%s%%ﬁkgr&ﬁit 5 Oxe e An9raph
showi ng the contents of Fig. 20 wth increase of the si gna‘? taken as its
vertical @fetation 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 thch 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.inaccordanééwithiarequestorinstructionfréﬁthesecdnd
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. 22] An explanatory view show ng a second enbodi nent of the invention.
[Fig. 23] An exanple of measured data show ng tenporal change of a rope

di aneter. Description of Reference Nunmerals [0009] crane (facility) 2wire
rope 3measuring device

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



6first surveill ance apparatus 6aconputer 7second surveill ance appar atus
conputer Best Mdde for Carrying Qut the Invention [0010] The first
surveillance apparatus has a neasurenent

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



control portion which sets a nmeasurenent 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 di splay portion

whi ch records neasured data sent fromthe neasuring unit and displays the
nmeasured data on a nonitor, a collection portion which stores and

accunul ates data, a judgnent function portion which analyzes the stored and
collected data to thereby judge whether or not there is an abnormality, and
a comuni cation portion which communi cates with the second surveill ance

apparat us uhafide dnalgaRRhefUncHd APl ABdeRLAgs, hat there is an
I eve I C

abnormality exceeding a set value or and transmts the recorded

data, etc. in acgQr danes Ndh AumiRguest d%fslj.bﬂé%é'”ai Qe the second

survei | | ance apparatus. The second surveillance apparatus has a data

request j udgsBiiedbbi-8) Wi Gl2ashecks Al ARNGr MBbhd - REGHIT §REEL report sent
fromthe first surveillance apparatuS and judges whether or not detailed

data such as ddmgpedatiactAnNg dsHEId102l dat 3ndr£ JixdRskeanrsteds & j udgnent
function portion which anal yzes data sent fromthe first surveillance

appar at us for t et£byransiger whether rdfefticd tnirfeRACES S yidradegplace the
rope, and a command sendi ng portion which sends a result of the judgnent to
“the first wirelkidd anveanappaiai umd [00d1lfirst survdinetarabhypadat@asur enent
section is divided into segnents in a | engthw se direction of the rope,
i ncrease ofquippeendur ed vhkeevadidn paesage oaf thenghis. anal yzed in each
cycle in one segnent and a judgnment is nmade as to whether or not there is
an abnor mal i ty, Thasesfarentketivgse 017 dodigndtad=e acdeddirl snevedskameceeds a
predeterm ned criterion val ue. According to this configuration,
i nspect i o tnet 1gepeicddin hunem tspians esushcds asl eiperti shael dyut
judgnent as to deterioration of a rope is perfornmed objectively and
quant i t at i%diny Japhas,ard Besal traisfde aniegmeninsiosl vt onatheashtin-he
judgment tinme can be shortened. As accumul ati on of neasured data increase,
t he neasurkar ceandan Bdd drdradien antvenpadt ¥ecormstilinisd dncwracy can be
i npr oved. _
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 externai 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
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[ 0012] There is used a judgnent program which sets w re breaking-as—
a target of neasurenent of the status of the wire rope, weights neasured
‘val ues respectively with a plurality of |evels taken as voltage hei ght due
to the wire breaking in a neasurenent section, checks tenporal change of

t he eval uated val ue; and makes a decision that the wire rope is abnornal
when t he eval uat ed val ue exceeds a perm ssive change rate. Accor di ng
to this configuration, when a degree of deterioration at a tine point after
el apse of a predeterm ned period is equal but a change rate in the process

to lead to_t degree of deterioration s sudden, decisipn is nmade that the
wire rope 7% Q&ﬁnagﬁ%?r%@& ardPyEPYEing BB%S‘?%I@CFSdCBb%nﬁS't ﬁmgudden

b lity, that it i i b, K fet i gh. 013
There s Lot S U B g AR A S F LR b B-edinG B8 1A%t Ar get of

_ h t f i els,. iteri
't ogr at od VAR LPE, GAAISaF Bat V81 HaF 7Y B of Tata v el g e o Fhe i re
breaki ng |41 & 1TGARYLETE N, SCGH Ay deh5CLs, Shange of shhes Lt goral ed val ue
in accordance W th en er o opera¥|ng cycles, an &cides that the

wre rope g aiNGIRL ANGAahPP:§NARPEE Fud 01 ALEG 351 L RAAGRLSA JPer M SSi ve
change rate.

degree for raising or reducing a detection signal level to keep

the detection signal level constant regardless of the

accelexation Aof 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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According to this configuration, it is possible to recognize the extent of
occurrence of wire breaking easily in addition to the aforenentioned

so that it is possible to inprove accuracy of judgnment. Enbodi nent
Enbodi nents of the invention will be described below w th
reference to the acconpanyi ng draw ngs. Fig. 1 and Fig. 2 show an
exanpl e where the invention is applied to renote surveill ance of
deterioration in a mari ne ship such as a crane ship. The reference nunber
designates. a crane equipped in a ship A, 2, a wire rope used in the crane

1, d 3, ' ' di ' | f t th
of The wiro ropg I R EROUG EREENRRC PP A DEVPRELS 1% G065 80 Hear by b

ef fect,
1 [0014]

pol'e top pcg{ér{goen okq:ﬁ[eh Is%ct%éggi)laei\:‘eat :kLIECJI:ena\Llseenst.l O@hlesmangor{iédd@ égq:hteher LS

signal is proportional to the measured veiocity. When the wire
rope moves fast in the magnetic field while the moving velocity
of the rope is not kept constant, turbulence 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
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The reference nunber 4 designates a control panel disposed nearby the
nmeasuri ng device 3. The control panel 4 is equipped with a controller 4a
‘and a wireless 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 designhates 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 exanple, the transfer antenna 8 is constituted by an

| NMARSAT ant enna .for, perfaorm conmmunij catjon via,.a . conmuni cat.ion satellite
A L R L T R L R M

| eakage flux testi.ng unit., shown _in Fi.g. .3, a bady of the suring

devi ce 3 ifhcl Ut &Sy Ié%e?ls\A?ZlafyoPoﬁﬁbWét‘f%% rﬁc\?@rgé I_P%?)%",‘read glgat%gct or coil
3b for de.t§eq'_lttl r}g“og{a%glgtl galsgg kxi%edéx}i%)é %%%daréMsm?‘glf Iaiebrroekceor}:‘de%nd .an .
accel erati on sensor 3¢ for de ting a velocCity Rie"Wi r'e FOpe noving in

h ic field | ' ion i el f
the nagnetrﬁéésdr%d r{la@g' 0%5%4}%{;0(}?'[ eféé)::l[qgéﬁb;c/ﬁ![ﬁ%ﬂ&gﬁegﬁ‘féh%éﬁ 5 or

correcting an electronotive rce or coi b based on

the accel efat L otuflel A6 L0 Dincblif 88 RIS Al LONGRRRE Yurl.s ol SecQy ect i on

unit has a correction circuit r-cofrecting a signal g’by t he

detector G@iilen3Ras8ds Mot BeoRCGELEHALL Pl BNk A UL KidrlRe Lo rect ed
signhal, and a correCtion quantity adjusting circurt 31 for sending a

correcti onuglede FRedier COLT 66dd ORnekECUId 38 baseskHN 13y acgeh erat i on
signal detected by the acceleration sensor 3c. The correcCtion quantity

adj usti ng @ik badlofial et abeS whi BRI RaAl chaksi RALAr thRAUdHha@
detection signal level to keep the detection signal |evel constant

regar dl essufvetineaneechSratdtan of wikdle Mdig ibaPes e iknatt ehdhe idet ect or
coil 3b, and inputs the cal cul ated degree as a correction signal to the

correcti omnCebikha Bley |di@iedanhal 4 orddetieFmdnBBt $£IudHrCOBFSE, tdat an
anplifier, a filter, a wave detector, etc. are also provided though they
are not shoirhi tridemiiavhegdecokf8d@easured data, etc. in accordance
with 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

14



A wire rope is made up of hard steel wires (carbon steel) which are
ferromagneti c substances. Therefore, when the wire rope is intensely
‘magneti zed axially by the nmagnet of a nmagnetization detector, nmagnetic

| eakage flux varies according to the change of a |ocal sectional area
caused by wire breaking, etc. The change quantity of the magnetic | eakage
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
exanpl e of specification is rope dianeter used: 40-60nm neasurenent

velocity: 3on0@bithe AVLYRARFL PALANPELANGS PonBBANGIIZAd Gl.UST NG 2

5 n
per manent nagnet. Cenerally, gni tude of” the signal 1ncreases

as the chasgenof #di SRG1BALNET £8 FOGILARES anlNe RBERLA4 IS Aidde signal
is proportional to the neasured velocity. Wien the wire rope noves fast in

the magnetperticd ehwbh! ©rdritehitavih N MAOCE! thOfulifRehPRY tReNOirdtept
constant, turbulence of the magnetic field due’towire breaking or |ift

noi se i ncreasesi Sandat aspetdtud r 6. br egkd n@ofhahiif tshisg | Sodetqct ed. On
t he ot her hand, when the velocity of the wire rope is slow, there is a

situation ¢hatabuen [fangeivhr obr eakt Ag-CaiNahebeidet estiefei Thetwf ore, the
accel erati on sensor and the correction unit are used in conbi nati on as

descri bed athrmtse tthab thendet £igd | i Shg@intl @valieasn beudrmisedror reduced
in accordance with change of the velocity of the wire rope. In this manner,
Wi re breakimgrwticand ahabee wrasiirdphanitt Sowdinsitcand £ dat eatdg@amaceiy.acy.

[ 0017] The controller 4a of the control panel 4 is a unit for

appl yi ng dPow bPecepvirsiofne poonesd fimont hei sleoantindrsasidimnal pett part, from t he
measuring device 3 and recording the converted detection signal. The

di gi ti zed WEastitest davevel Blanensdmpamatitso § hpesfiones | hanser appar,at us 6

t hrough an LAN unit by a wireless LAN ‘ The first surveill ance
appar at us BdgEnidesta. cdnptberdésigmmtal weasessehBNcand Enien 6ind The
conput er 6a includes a neasurenent control portion which sets a nmeasurenent
condi t i on 3omsatneasditherunit 3 and instructs the contro

[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®Y FstPEELFEH Y@ iHe sBESHEFRVetPrEnTeaapra! £31E 5% 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 UhRiFRh: FMAGIRIN poftEonl Nuike desi SNAt ad ABaS wWhaReNt
condi tion and judgment condition. [0019]
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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I nci dental-ly, the judgnent function portion for analyzing the nmeasured data
stored and collected in the first surveillance apparatus 6 and judgi ng

‘whet her or not there is an abnormality, the judgnment function portion for
anal yzing detailed data of the abnormality in the second surveillance
apparatus 7 and judgi ng whet her 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 measurenent
section is divided into segnents in a | engthwi se direction of the rope, and
magneti c Ieakag% fl voltage is detected continuously in this exanple
whi |l e the rope igoﬁgied at a required velocity. Preferably, this neasured

data are data sybjected to a velocity correction_process by, t.he

accel eration se%@orﬁ%ﬁdtgﬁe‘¥%FW%8Fi6ﬁiuﬁ%tt&? 'ﬁbﬁﬂr¥§&i&§nce The
Comut or GBTARE 11 PO FORIF1 2O HppLFSPa0 1 SR SOUFE e PR
af orenent i r nt .i.s rfornmed at__interval p m ned
e NoasTHo JEE ZARUE kel PG CBHRE=E gt hft KRBy AR 100 e

each cycl e AN L RYROI A GNANOG.0L, LAS JTBARNE ol dalad 5, aalyded by the

j udgnent function portio crsion rs nade t hat e val ue or

e 5 B8 ORI R S L LN SRS
appar at us ghed21kn  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

17



Fig. 4 shows a surveillance chart according to the systemof the invention
While the detector 3 and the controller 4a are connected to each other by a
‘dedi cated cabl e as operation preparation, the detector 3 is installed in a
predeterm ned place and then setting of the controller 4 is perforned. This
is to turn ON a channel (lch) for neasurenent and sel ect a measurenent

vel ocity changeover switch. Confirmation is nade as to whether the
direction of the wireless LAN antenna is normal, and the observation
‘roomside antenna is directed toward the detector-side antenna 5.

Co ti f MARSAT ph i ked. 002 f th
coggﬁf elr Og%gg'ra%?lﬁ’ ﬂ%qe’%’gpgg%‘#%ﬁ%gcegﬁgﬁ%ﬁ{%gé‘,%] e E’*RRI%QJZ‘F%%% pﬁone
[ bl . | bl ted t dth
computor 1 S HRES H B o REaPE B Ro ey Everd St PEERIE S0, TR

‘address 0Tnd i Ll 2. £9UGEE! 0 LHET, 2083, [BkA 2 HillAg, 2408 LSt ©

entered in communi cation Setting i on,” mal nmmuni cati on setting

- (message check, i %%??@%éé' 0%@@8%8 191;?19 é'ﬂ;ixetr ;é.?xld %Ef.‘mfﬁ'&'téé R) 1S

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

(e.g. 2V) @ggaéuléﬁ%@@hdﬁ%{l&é}%%ﬂiv%?ﬁ %n%od%@tﬁg%e%‘[e%%gg]g At a

st orage fol r nane 1s entered |1 n nmeasufrenent setting.

‘Successi Velys 1418 thb@P8In SEEIdNTa | SoPSE] OLABSdN dheadiRASWerm setting.
When nmeasurenent is perforned once a day (neasurenent starts at a

pr edet er Mmad diiily 80Fdd 3 18 FRECKsi $ndw ihNei FBSS UsRARMent A BROI Nt " and
a neasurenent start tine is entered. Wien neasurenent is perforned at

interval s mived)eakakirBfbnt Nstdriebrakbd SRR IRASHRTERE diidfasal s
entered. Finally, a measurenent tine (e.g. 30 mn at maximum is entered

and a set BMHJOBni 6héldidRdr bithht 5 ATRRRCHenTEASIE LIRNLESLRE iope
automatically at each set tine point.
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
displayvs the measured data on a moenitor. A veloclty 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 the measurement starts.

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

18



[ 0024] In the case of another setting node than tinme trigger,
manual trigger or sinple neasurenent is selected. In the case of manual
‘trigger, neasurenent is started at the sanme tinme as clicking of a
measurenent start button. In the case of sinple neasurenent, a format is
made as neasurenent preparation, and nmeasurenent 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
measuring device 3 is used as shown in Fig. 2, and when a rope noves,

nmeasur emenindtidd 3 agegdapn wt&%n&é@&b&h@r%qqlelzm:.BﬁSﬂbmﬂlhﬂl encoder
out put, a novenent distance of the rope can be recorded so that a

nMeasur enenge pdanei oforh BBe WORE eCape: SREShLAGEd wh902%h1arged. Afiler the
af orenenti oned preparation operation, a start comand is transmtted from

the conput®(boahioast he eaniplel bermddsied diatdel eaindicn3nbyhthsl tigee! ess LAN
to start neasurenent. The controller 4a fetches data about the set tine,

anal og-t o- thaprediccdrsdmbe d#10RASpbedichechppeasi Dnad , plecss ds dee si gnal
as a digital signal on a nenory of the body and on a nmenory of the conputer
6a by t he mgasimsi daAN, sard oitaphaysithesuaokasunecheatizhan a siogmdior. A
velocity of a rope as a target of the measurenent and a voltage of a
j udgnent |@aksictade et hed deeativanc®iiln &s t extrdoxedf bésed conputrer 6a. The
judgnment level is a voltage used when judgnent is perforned. Fig. 5 (a)
“shows a nomiasdrersdrieensbesed eoy Hareaswlemattiost senser.d n F|g 5(a), the
upper part is a whol e graph of neasured data,
[0026]
Such data are stored and accumulated in the collection
portion of the computer 6a 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 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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and the lower part is an enlarged graph in which a position selected from

- the whol e graph is displayed while enlarged. Fig. 5(b) shows an exanpl e of
‘measured data in which high voltage (magnetic | eakage flux) portions appear
in 5 places. The nmeasured 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 sensor. [0026] Such data are stored and.

accunul ated in the collection portion of the computer 6a whenever
nmeasurenent is performed. The judgment function portion of the conputer 6a

' | whet I t dat d t t tt d
Tldgee: whetTeA AT RBESHLF BT S RREABNGT A Ty HRIGLY GUADS % B (c) Show

an exanple of te oral _cha forn1of measur d data F b exanple
Fig. 6(a) rglvﬁ t Cee%ﬂe%g? éﬁt EP< 34606 - opbgor A FFAGPLSEIES Fig.

o) shorecs m‘*l'ﬂ%%%%ﬂ“‘ﬁ“?ffearﬂag%t B abo et PR pRARSES Pt S ol t age

reakl ng OC rre

wavef or m afd ét5ﬁps«80c%k%p§£@&££§m%>’8£%% 8&&%%%%%&19&'&%%88% 9. 6(c)

that the nu er of e€n W res 1 ncrease , eval uation

based on valiage.be églfeét yzf r 03135 3 Silgel B2 1A Lhaladte | udgment

“function portion ju eval uat es hi's I performed 1 n such

manner  t hal @ MgoMyRl PRODSE 416 %a‘fr%&‘}mEJnU%YQé&@Qﬁf vty el apsed year s is

For example, when data after ’;wo years have a large number
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 [ GERIEr | FETFEIRY ROBGIE Yo oHEE: By O SLHBEI S B0 FAHLT HAPSt he rope
| mvent§ on TBPBRESERP Lo ST BeabAr S bR HEPHOA LA TV FodbrgrERe
Rei ght in bt BRECEE o el SHESe0s SR ‘S BaTi LHand ERe RINBEohST Spi cces. of
data (¢ bk 201 ) LxGaedinge e Jevele 8l Yol Lages DeL gty gyshecked

For exanpl'€, “assumne 'S Set a € Case over 1V, and

t he nunber'equhgi ??%(ﬁcﬁirﬂ?& a(tih%f ﬁﬁ%?‘%% rrcg% F@Cééégsfggéa%ﬂ ﬁ'ﬂtﬁ:"nn iinea length

~of 10mm e “nunber pi eces erep e nunber of

“vol t ages. dsowgi éﬁt_s_Tf’e sexely 9 vo Feaﬁgelge; gt 1 8ydivided dpto sexer al

"levels an are given to t evel s respectively. For exanpl e,

assuming tdig qliayal %@éoéﬁn\%%gphe_ 400 poioke {46 muerdifcapkeces of

data) , the level over 2V:- 2; 30 points (the nunber of pi'eces of

data), thegghewels Quer3Ne nWakINtedit 19, RALAL SEd BaMbIWeEnfvdlighges of
data), the level over 4V- weight 4: 5 points (the number of pieces of

data), theRrlaxvdleayd a1l ¥vaP Fv (3 se?) a¥ F%urk the 32idnd frlQ0 can be

obt ai ned. Accordingly, when the weight for a high voltage value is set to

be heavy, vi@hgkSsa Metvet O exam g; o henyaingtehol ¢ vaklrgeagl ue over
3V is set at 5 and the weight for a voltage value over 4V is set at 8, the

i nfl uence nefighlecmolderder Nt &, Cancheti@ldnaeabedrathan hbe sbange rate is
not smaller than a predeterm ned value fromview of the tenporal change

(sl ope of tehaangeprodetdianiord waliuensyah ugidw dihenal eegperdl anaethgeondi tion,
decision is nmade that the rope is abnornmal and needs to be repl aced.
. {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 aforementicned evaluation
-value was 10 aft‘er 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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[ 0029] For exanpl e, assume that the aforenentioned eval uation val ue
was 10 after one year, 20 after two years, and 30 after three years
(pattern A) in one case, and the aforenentioned eval uati on val ue was 5
after one year, 8 after two years, and 30 after three years (pattern B) in
anot her case. In these cases, the maxi num 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 replacenent |evel, unexpected
or sudden deterioration can be supported because decision is nmade that the

is still bl e .based th tt b | Si ' de.that th
rope nocastt CBEPERFaRBe B STCOR O hCt pAERE hhat The oo Fp G I (00

the rel ati tween .an_eval uat,i,on val ye, and a . ope strengt.h te. A
resi dual s'?%laeb%‘et \tg%rs gtdeoﬁos)g? P |r\?a$e§iltt%e%lnsleovrgllﬁafnﬁgﬁg%%?%gth%a Fig. 7

(b, S"ove g sl o8 BE!VESTuLL R0 B0, pNaLpaLtam el ve, Since the
made that the WiEri%. r—ppae) Qﬁ&gg tth% Peelzftei@nakgggween an evaluation value
| and a rope strength rate. A residual strength rate 90% is
equivalent to an evaluation walue 20. Fig. 7{(k) shows the
relation between time and an evaluation value. 8Since the angle
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 integratéd 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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[ 0030] Next, a second node of the evaluation nethod in the judgnent
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 erm ned neasurenent section is set as a criterion. Change of the
integrated value is detected in accordance with the nunber of operating
cycl es. When the size of the change exceeds a permni ssible change rate,
decision is nmade that the wire rope is abnormal. [0031] I n detalil
Fig. 8 shows a waveform of a signal voltage value due to wire breaking. The
vol tage isid . #G. Bi.O.wkshawe {18 chgbal o Netwesn, Jite W t&1ELaKi ng in the
case of Fig. 8 and a signal area value. In this exanple, the area is 120.
The si gnal thé efgnallUgrés van ubNta0hat 86 yaldie pef al fnatdes 1 Lpoghdiads) in a
wavef orm expressed by vol tage val ues shown in Fig. 8. Wen data are taken
finely at efupitherpayel 0gity, xt RSt INGt Bied-yabreqsady be @btained by
discrete integration of E(voltage value x nunber of pieces of data). This
i s aut omat acabhat iahiidiyneshiii nedc abe Uk atdaQrufiBBebh OFunBtE B8 jivd ormRnt
function portion. In conparison with Fig. 8, Fig. 9 shows a waveform which
is close tpuddwemhdfimcafiica portidn.di shr bbups O1s&0 Wihat Fige spvEi@rmis
flattened in other positions than an abnormal signal. Accordingly, the
stat us of dcehrwenceraof fwirmewbieaki mg-aae e deoghapedot o recthayl
I nci dental ly, when the velocity of the rope in the data is not uniform the
nunber of Pisoeidwificdatsr pehatunthel eagefiodecrieastistasntede irel oy
increases. Therefore, the weight for the data may be corrected or added in
accor dancePasi ttiianise thehosnt gbnatierd, sfignaéxanpteyrdimerly,i tha sedogity
difference of 2 times data of two-fold velocity may be nmultiplied by 2 so
t hat the v&f gmcurgengaecfiarirs Hricakrivgsedn 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 correlaticon coefficient.

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

can be found that the correlation coefficient is low and error
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[ 0032] Fig. 10 shows the rel ation between voltage in the case where
t'he nunmber of pieces of data is 6 and rope residual strength. Fig. 11 shows
‘the relation between area (voltage x nunber of pieces of data) and rope
residual strength. R2 nmeans a correl ation.coefficient. When t he

rel ation between residual strength and voltage is applied as a criterion to
the af orenenti oned exanple, it can be found that the correlation
coefficient is low and error in estimation of the residual strength is

| arge, as shown in Fig. 12. For exanple, as for the signal in Fig. 12, the

ol tage is.about. 4.4V an he residual strength is estimated to,be in a
Vonealer ! Sifetatignrida il s loseFRaiel i reh by LB PRI A bl dual

strength is,estimated to be |ower. than general, perm ssihle strength 80%
Fesul $1 ng ATt AL UG POBE Iuehs 50 e FoRtALed T1D053y The ST [ O o,
hand, when; L *Ag)oﬁa%' é‘%x?%%ﬁh‘@&er%s%r %1(‘3’%%19?% X nymber_ ol y RI,egES Of data)
and rope residual” strength’is Used as a Critéerion, R 5 ea i€ edtimated to

Ot Frerort Bels UL T VS LA LA VR DL e el oo
the residual strength is estimated to be lower than general
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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In the case of a value 120 in Fig. 13, the residual strength is estimted
to be about 90% so that decision is nmade that the rope is still usable.
Lowering of strength by 10% however occurs, so that decision is nade that
the rope needs repl acenent preparation and periodic inspection. [0034]
Accordingly, it can be said that the relation between area (voltage xnunber
of pieces of data) and residual strength, not the relation between voltage
and residual strength, is preferably set as a judgnent criterion for
abnormality judgnment. Figs. 14 to 16 show tenporal change of a waveformin

rd iLth.th f ti i tain_faciJlity. Th
cccordance Al LIS DUREL, O SRETELNEIC) B8 0,8 STl LA LY, The
t th j S i i i th
part hereelel 1) SHEIGLIREL UL O o0 MU SEAPL kg e
operating gyel&s., gith £ige ﬂ%éﬁ;?g’;ﬁ%&%@ﬁ%ﬁt %lrgﬂasﬁi%e\%ﬁgﬁ%%/c} presses

vol tage and S expresses Sign el ation

betueen Vol afANd LBeagHIReL, AlsORPLAL! R8yEY PR ! N phh0S1g Mhde 10. Fi 0.

18 shows the relation between signal” area value and the nunber of operating

cycles in fi 050 dfed L ity cJOESS, ?f&?ﬁ!s%m%rﬁ,%@éﬁégaﬂﬁ&%éiéﬁ' ly by a

programin the judgnent Tunction portion. As shown in Fig. t he signal

vol t age i sz@abpeul. 3¥ @}M@@%owbpébéaﬂ?g sociugh. vixbhesthesihand, the

signal area value in Fig. shows a tendéency toward increase in accordance

with the namder «prepgeat 5NgnEVCdLse. Fig. 19 shows a result of practical
exam nation into the status of wire breaking. It can be found that the

status of wire bigakinghagsens yaldt ivnt BedhRStoNehgahaa vl dembehus, in
the invention, the relation between signal area value and the nunber of

oper at i ng &f cbRarats ngsS edcaesa ijpudggent 1el esent. spighaisgrepbacermnt

judgnent is nmade based on an increasing rate of the waveform
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 -
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[ 0035] Fig. 20 shows transition of signal area (signa

integrated value) in accordance with the nunber of operating 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
sl ope of such a change is conpared with a preset critical slope. Wen the
slope is large (increase is intensive) like the pattern B, the rope is

eval uated to be dangerous, so that decision is nade that the rope needs to

‘b I . l e, .in 60,000 ,_.the si I ' 00 f th
pat torn A SHE S0 B IREBRECRI BRI S A P S ABE BT based on
2 Targe st beat Bt phEcuBesl OF el Bh Rk HRRIe Chae T pat OB | & more

a large s crease, o € pat rm B is more
danger ous fhan. t at.te A\ he itical. slope is_S t,..150 per
10, 000 opeéatlnén§§gléé %ﬁe Jﬁﬁ%ﬁ{%?hgg%%% é?#F 1%§%F8?FSE%B§§3&'1O,OOO

oper at i ng. £yl en il Bhcl iR AL L oL s ol B0 Mgy gles,uhid ¢ the

pattern B ex operati'ng cycl es exceeds the

repl acene ' [ r L en NG ; Lti be
conceivednggﬁgkiﬁ%fgggﬁ ?%é?525| %g%%%§%%¥l$%gsl§ééis%ghaﬁg%ﬁgyﬁﬁahich t he

i ncreasi ng; aMYRL ( $hoResOfi st Ngr Sl gnal) aige ire HakedrAS t RReVRSHd cal axis.

When the sl.ope obtained thus exceeds a 'threshold value, decision is made

that the ropeds3.4aRger8Use ddhddlichaTBBBeLnat Needididn ok Hage Ofndthe rope
can be found accurately and exactly.

the rope needs to be replaced. For example, in 60,000 cycles,
the signal area is 200 for the pattern A and 180 for the pattern
B. When evaluation is made only based on the absolute value,
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. Whenthe critical slope
is set at 150 per 10,000 operating cycles in advance, the
pattern A exhibits 50 éer 10,000 operating cycles at the time
point of elapse of 60,000 cycles while the pattern B exhibits
170 per 10,00070perating'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.
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[ 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

27



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

28



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. Cdains 1. A
wire rope renote surveillance system characterized by conprising: a unit
whi ch nmeasures a status of a wire rope; a first surveillance apparatus
which is connected to the neasuring unit by a conmunication unit and which
records, displays and accumul ates neasured data output fromthe neasuring

unit, nakes j udgrment . based on the relation with the accunul.ated nmeasured
data as t g"%ﬁ&%%&e&réhﬁe‘i%%aﬁgrw 46RO t y& ERPT ggﬁggaégo\f\%r ni ng

when there_is a boorpal i ty, ,apnd _a second surveill ance,apparatus which is
connect ed%Jogst'hg%?FFSt@uﬁféi I(angbaiéﬁ’ﬁﬂﬁflbg 1§ BigIPatB o Hh%t(?:lrti on unit
and whi ch ggchan es _data with the first surveill ance apparatus, checks the

dat a judgel Bvl SFPrst  surveillance apparatus again to nake a final

deci si on, and iq 8Le% the first surveillance apparatus of the final
decision. 2. Awre rope renote surveillance systemaccording to Caim1l,

wherein: the fi st cgucvelll anse.appar ghus. Pas, AGASULENERL; gPNUd@ poT ti on

whi ch sets a neasurenent conditi1on of ng-unit and instructs the

TeasUr i g Ayl oRX BENhESAPOPEL A SUGh A eShALkiciaLoPafindta |1 ke i
a i'sp

the set condition, a recording an l'ay portion which records neasured
data sent ddomdde MBasPpiNgnUnideand dhspl aysudde Meqaunedy dafifeon a

noni tor, a collection portion which stores and accunul ates data, a judgment
function peutd QR 4R 8R8LYdES: 1R RkREAINEN+2I L ACIHd pdaha t ord her eby

j udge whet her or not there is
' configuration is made thus, the necessity and time 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 includes synthetic judgment based on combination of this

parameter and either of the aforementioned two modes.
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an abnormality, and a ceonwuni-eati-on portion which communi-cates w-th the . ..
second surveill ance apparatus when the judgnent function portion decides
‘that there is an abnormality exceeding a set value or |evel and which
transmts the recorded data, etc. in accordance with a request or
instruction fromthe second surveillance apparatus; and the second
surveil l ance apparatus has a data request judgnent portion which checks an
abnormality occurrence report sent fromthe first surveillance apparatus
and judges whet her or not detailed data such as inage data and nuneri cal
data are to be requested, a judgnent, function portion which analyzes data
sent fromthe first surveillance a s to thereby judge whet her or not

it : t 0. I th , d d di i whi ch
LS eSSy oy LBLARe LG T ope. PO 8 ORI 20D, pOLLLen i
i f.e, ill . { di { i 1 h t i di
i1e T one SRS sy el LLACE sl emaccordu g o T ol charagter zed |
I nto segmepts, ns?ﬁJr&MJ}lVgese?glarre":%:_[ulsonwgg.ﬁl'r[ihelsr op&:,ANnalyzes imgerease of a

measured value w passage o ime 1nh each cycCl e in one seghent and judges

whether Ol LOET €nlit 89 20RALARLLLY: s BEsed OnAhebhar, dldglisd rate of
e predet erm ne ue.

the increase exceéds a criterion va A Wre 'rope

remt e SUrdedlaac ey SLEMAGROrLl NGeLe,R0Y MEOfGEAINELIohO che Wher el n

the system uses™a judgnment program sets wre ng as a target of

MEasur eNeieah iRg uilfl Usa s tah‘ilu%ﬁlsnaﬁ IRIORLS PERSW GY Wahues

respectively with a plurality of "l evels taken as voltage height due to the

Wi re breaking akbBufulRAss RIRMr L EhtANas COS Gl thRIPeLaho£ B Qs the
eval uated val ue, and makes a decision that the wire rope is abnormal when

the eval ualnedabtifa BXGEEdSnd RBLNLSSIVeeaPANGS FALR tierdA YT @nfope
renote surveillance system according to any one of Clains 1 to 3, wherein

the systemb#semadikyfIaBAL aPeEbAR Wikehi SBAScM 48R0 Rhidm adt arget of
measurenent of the status of the wire rope, sets, as a criterion, an

i nt egr at edondldeelisitgnatndr ear¥el ok vbiomhMebt agpavatues taueud tshe wire
breaking in a neasurenent section, detects change of the integrated val ue

i n accor dap@eunithtibe- auibeinOfwioRe alkddhangke! 85ta andiKklegnslesi Adat t he
wire rope is abnormal when the change is so large as to exceed a perm ssive
change-ratsaxveillance 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.
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 like in the set condition,
a recording and display portioﬁ which records measured data
sent from the measuring unit and displays the measured data
on amonitor, a collection portibn which stores and accumulates

data, a judgment function portion which analyzes the stored

and collected data to thereby judge whether or not there is
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6. AW Te rope—+enote surveillance system according to-Caim1l, wherein - -
measurenent of the wire rope includes, in addition to detection of wre
“breaking, at |east one of detection of corrosion, detection of decrease of
rope di ameter and detection of |osing shape.

anabnormality,andacxmmunicationportionwhichcommunicates
with the second surveillance épparatus when the.judgment
function portion decides that there is an abnormality exceeding
a sel 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 surveiliance apparatus
and judges whether or not detailed data such as image data and
numerical data are to be requested, a judgment function portiqn
which analyzes data sent from the first surveillance apparatus
to thereby judge whether or not it is nécessary 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 systemaccording 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
mgasured 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 wvalue.
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, weights measured values respectively
with a plurality of levels taken as voltage height due to the
_wirebreakingiJlanmasurementsection,checkstemporalchanqe
of the evalu_ated 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 fope, sets, as a criterion, an integrated
value (signal area value) from voltage values due to the wire
breaking in a measurement section, detecis change of the
integrated value in accordance with the number of operating
cycles, and decides that the wire rope is abnormal when the
change islso 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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