*SPECI FI CATI ON APPARATUS FOR W RE ROPE | NSPECTI ON, APPARATUS, METHOD.
PROGRAM FOR W RE ROPE DAMAGE DETERM NATI ON Technical Field 5The present

invention relates to an apparatus for wire rope inspection,

There has been known an apparatus for inspecting, 10 using
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an appar at us,
met hod and program for wi re rope danage determ nation. Background Art
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determ . nation of whether or not the wire rope 25l s danmaged depends highly

on the subj-aring tnyowd trhepection, an apparatus, method and program for

wire rope damage determination.

Background Art

There has been known an apparatus for inspecting,

10 using a leakage magnetic flux method, a defect in a wire

rope for elevators and cranes. The inspection

apparatus

is carried to a site where a wire rope 1s to be inspected.

The inspection apparatus 1s attached and set on the wire

rope manually using a fixing jig. A signal cable, a power

15 supply cable, a waveform monitor, and the like are also

connected to the inspection apparatus at the site. An

operator looks at a leakage magnetic flux-based waveform

appearing on the waveform monitor and determines, for

example, whether or not the wire rope is damaged.

20 Thus, carrying the inspection apparatus to each site

for every inspection of a wire rope naturally requires an

operator to move to the site and therefore reguires paying

labor costs. This also requires a long inspection time.

Further, the determination of whether or not the wire rope

25 is damaged depends highly on the subjectivity of the



operator. The inspection apparatus m ght be installed fixedly and
permanently on an el evator, for exanple. However, fixed and pernmanent
installation of the inspection apparatus would cause the inspection
apparatus (sensor unit thereof) and the wire rope to be in constant contact
wi th each other, thereby both the wire rope and the inspection apparatus
woul d beconme worn. In particular, using such a sensor unit as described in
I nternational,JOPatent Publication No. W2011/148456 having a shape
surrounding a najor part of the outer peripheral surface of the wire rope

coul d cause the mnﬁ%lroR?&ﬁgﬂi‘ﬂby el +dg"ﬁléﬁ%tﬁé fhéﬁﬁ“f5§-§*§ghﬁ?Ch

other via a large area an e morn accei erate
accel eration of 15 wear coul d occur ven i f e wire rﬁge mé%ever

magnet i zed stTShdt S GHd Br olght ?%t% Y%%?rto fRct* W h"t he' Sensor unit.

Di scl osure of the |.nvention IS an object of the present
i nvention to %Pﬁ%ﬁ6@“26@%@@@%@?ob%s?%%b%E%?%noépﬁ%?at%%o%%F%%%le for
per manent installation. It is another object of the present
i nvention®to @@@WI@@U%hW@@%@I@amﬁ%t%¢¢abm%pﬁﬁiéomoﬁ@P@ﬁ%b@%tK%ﬁn%®baratus
that conmes into contact wwth a wire rope via a
unit thereof) and the wire rope to be in constant contact

with each other, thereby both the wire rope and the
inspection apparatus would become worn. In particular,
using such a sensor unit as described in International

10 Patent Publication No. W02011/148456 having a shape
surrounding a major part of the outer peripheral surface
of the wire rope could cause the wire rope and the sensor
unit to be in contact with each other via a large area and
thereby to be worn acceleratedly. The acceleration of

15 wear could occur even 1if the wire rope might be magnetized
strongly and brought into tight contact with the sensor
unit.

Disclosure of the Invention

It is an object of the present invention to provide
20 a wire rope inspection apparatus suitable for permanent
installation.
It is another object of the present invention to
provide an easily installable wire rope inspection
apparatus that comes into contact with a wire rope via a

25 small area.



25smal | area. It is a further object of the present invention 'Jo
renotely confirmresults of a wire rope inspection. The present
invention is directed to a wire rope inspection apparatus including a
sensor device provided 5(installed) along a passage through which multiple
wire ropes arranged in parallel wth each other travel and adapted to sense
a | eakage magnetic flux leaking fromthe wire ropes that have been

magnetized, in whigh the sensor, device dincludes. g,.sensor surdace,f argred in
a plane and 10 having a length (wdth) greater than the entire width of the

T oo oar Blefry anded: i 1o Jones. o and o N i gl dpalsensing of the

| eakage nmagnetic € sensor surface of t sensor ‘device Is disposed
parallel to a plane definedrﬁ%.the nultipJe(ParaIIel-arran ed wire ropes 15

to be La |ine contact® Wit THe MY pI¥ wit & ropes and acr'oss tHé%entire

width of the nmultiple parallel-arranged wre ropes. I n accordance

with the presErtPsRvent i e sinee tiMel $ehsora strfice GFVihe RENSOTedevi ce
for sensing a | eakage 20 magnetic flux leaking fromthe wire ropes that
have beenSmaghietdzed ¢d) forored d roas ptamet nelicypon sengi higi fe t'her ¢ eakage
magnetic flux, the sensor surface comes into |[ine contact with the nmultiple
W re ropes, theecomacdngs@albhetaveenldhevsensorcisuwilace anave heamdir e ropes
is small and
adapted to sense a leakage magnetic flux leaking from the
wire ropes that have been magnetized, 1in which the sensor
device includes a sensor surface formed in a plane and
10 having a length (width) greater than the entire width of
the multiple parallel-arranged wire ropes, and in which,
upon sensing of the leakage magnetic flux, the sensor
surface of the sensor device 1s disposed parallel to a
plane defined by the multiple parallel-arranged wire ropes
15 to be 1n line contact with the multiple wire ropes and
across the entire width of the multiple parallel-arranged
wire ropes.
In accordance with the present invention, since the
sensor surface of the sensor device for sensing a leakage
20 magnetic flux leaking from the wire ropes that have been
magnetized is formed in a plane and, upon sensing of the
leakage magnetic flux, the sensor surface comes into line
contact with the multiple wire ropes, the contact area

between the sensor surface and the wire ropes is small and

25 therefore the sensor surface and the wire ropes are less



25 therefore the sensor surface and the wire ropes are less likely to he
worn. Also, the sensor device, which enploys the planar sensor surface, can
be used comonly even if the wire ropes to be inspected may have different
dianeters or the 5 nultiple wire ropes may be arranged in parallel wth
each other at different intervals. For exanple, it is not necessary to
prepare different sensor devices according to the dianmeters of the wire

ropes to be ing §¥§exg Mpop,jnstallation of the sensor device, it is only
required to ‘b ace the planar sensor surface of The sensor device along

the multiple travel (runnin e t

effort. I L vvljﬁcg’béC under § ogtl)\llddeteVl €pt ﬁ%nbot hg}i\ﬁ%g\/lstsﬁ%? aE%

portions of the planar ensor sur face y be curved in the 15 sane

di rection and>©pon %%% TNy o?a?rﬁﬁl%%ﬁg %O%%%%L¥ TUEruk the Both

| ongi tudinal ends of the sensor surface may be lateral to the two

respective emPRideniPe TopeCBdIEEY Héaﬁﬁl t+pterpar aﬁi]r%me%??%m@]édtl\}\? re

ropes. This can increase the sensitivity of damage sensing for the two end

20 side mﬁreJm@b©spl®hWthear@p¢%l®§Yv@¢ya¥¥k@@9dtbnb@aﬁ@hg@bdwééﬁi%@%Wy.

In an enbodi ment, the sensor device includes a sensor coil for sensing the

| eakage magnedsiﬂcef | aiix . d Thee sens of ndevvees pr éfar abiandlr,t hier dinclaides a

magneti zer for 25 magnetizing the nmultiple wire ropes. The only one sensor
necessary to prepare different sensor devices according to

the diameters of the wire ropes to be inspected. Upon
installation of the sensor device, it is only required to
10 place the planar sensor surface of the sensor device along
the multiple travelling (running) wire ropes, which can
save time and effort.
It will be understood that the both longitudinal end
portions of the planar sensor surface may be curved in the
15 same direction and, upon sensing of the leakage magnetic
flux, the both longitudinal ends of the sensor surface may
be lateral to the two respective end side wire ropes among
the multiple parallel-arranged wire ropes. This can
increase the sensitivity of damage sensing for the two end
20 side wire ropes, which are relatively likely to be damaged
seriously.
In an embodiment, the sensor device includes a
sensor coil for sensing the leakage magnetic flux. The
sensor device preferably further includes a magnetizer for

25 magnetizing the multiple wire ropes. The only one sensor



device can be used to both nagreaizc the multiple wire ropes and sense Lhe
| eakage magnetic flux. The nultiple wire ropes are preferably limted to
undergo an unsaturated magneti zation so as not to he saturated. It is
preferred that the wire rope inspection apparatus further includes a
novenent nmechani smfor noving the sensor device, in which the novenent
mechani smis arranged to, upon sensing of the | eakage nagnetic flux, nake

the sensor deyigte £lose 10 they Wd e 4:0pgs, 4,0 bring HO L.he- sensays surface
into line contact with the wre roues and,” off sensing of the | eakage

magnetic fl uxr’op%osveaﬁcpe e%qesnesatrhedelvé-acﬁaﬁé/\@xaérgé)@é hP‘ LWE re T'h%p?n%'lty%%esensor

surface of the 'sensor device comes into contact with the wire ropes only

during Inspection of the wire ropes 15(sensing of the |eakage magnetic
f1ux), mhichWﬁﬁ?fﬁﬂﬁ?&wa?%dﬂggggﬁ%’ zﬁ?m*teg to1¥%9%%$%ﬁ¥%t neghanisnlnay
include, for exanple, a rotary nechanismfor rotating the sensor device. In
an enbodi mentiN§He W T rigE ¢ hsieict §or® @pparat ust 20t urthett 1 et udes t wo,
first and second, sensor coils arranged separately in parallel with each
other, inSwhi oh tHe spaciasfdretasedn porticons: of e rigspattinv@ first and
second sensor coils through which the | eakage nmagnetic flux passes is the

i ntegral nul tagpeeraofud hierdilstancecludes a movement mechanism for moving

the sensor device, 1in which the movement mechanism is
arranged to, upon sensing of the leakage magnetic flux,
make the sensor device close to the wire ropes to bring
10 the sensor surface into line contact with the wire ropes
and, off sensing of the leakage magnetic flux, move the
sensor device away from the wire ropes. The sensor
surface of the sensor device comes into contact with the
wire ropes only during inspection of the wire ropes
15 (sensing of the leakage magnetic flux), which can further
reduce the wear.
The movement mechanism may include, for example, a
rotary mechanism for rotating the sensor device.
In an embodiment, the wire rope inspection apparatus
20 further includes two, first and second, sensor coils
arranged separately in parallel with each other, in which
the spacing between portions of the respective first and
second sensor coils through which the leakage magnetic
flux passes 1is the integral multiple of the distance

25 between adjacent ones of multiple strands constituting the

W



25 between adj acent ones of nultiple strands constituting the wre ropes.
If the wire ropes are each fornod by twisting nultiple strands, a | eakage
magnetic flux may al so | eak from concavo-convex portions existing between
the multiple strands. If the two, first and second, sensor coils arranged
separately in parallel with each other are thus provided and the spacing
bet ween portions of the respective first and second sensor coils through

whi ch the | egkage /mgnetic f lix passes-dizd hed ntegr alo mud ip) e ofsdihey
di stance between adjacent ones of the multiple strands 10 constituting the

W re ropes, even a qu?gg; agnetjc. fl Lpg.fFom concavos conyvex
portions between the s raﬁ&g?ba% %e %gyééﬁggkgge?aggT§?ﬁi aﬁa%g nmagneti c
fl uxes Ieakigg due to the existence of such a concavo-convex portjon can be

di sti ngui shed" &d8i ¥ %7 6m ¢ Cakage” Magh®t? cF 1 tixes? | 8aki g due” t 8" dandge i n
the wire ropes. The present invention alsocﬁrovides a determ nation
appar at us suit@m s or HutSifativCal Iy Iddt i MSTE UsiFig S Hspetition dat a
acquired by the wire rope Inspection apparatus, whether or not a wire ropes
i s damaged. 20THnaRd es¢ope dahrge. det e i fat Vohh appar ab tlscacebr difgSt o t he
present invention includes: | nspection data receiving neans for receiving
an i nput of vettagéedadad aclcorspaginro bhheveagnpoudeons afl eakage magnetic
flux |l eaking froma magneti zed wire rope, said voltage data 25 bei ng out put
froma sensorr&obdcprevi dedsal ong ecpassagensor coils through which the
leakage magnetic flux passes is the integral multiple of
the distance between adjacent ones of the multiple strands
10 constituting the wire ropes, even a leakage magnetic flux
leaking from concavo-convex portions between the strands
can be detected averagely. Leakage magnetic fluxes
leaking due to the existence of such a concavo-convex
portion can be distinguished easily from leakage magnetic
15 fluxes leaking due to damage in the wire ropes.

The present invention also provides a determination
apparatus suitable for automatically determining, using
inspection data acquired by the wire rope inspection
apparatus, whether or not a wire ropes 1s damaged.

20 The wire rope damage determination apparatus
according to the present invention includes: inspection
data receiving means for receiving an input of voltage
data according to the magnitude of a leakage magnetic flux

leaking from a magnetized wire rope, said voltage data

25  being output from a sensor colil provided along a passage



t hrough which one or nore wire ropes travel and adapted to generate an

el ectronotive -force caused by the | eakage nagnetic flux; peak voltage
detecting neans for detecting a maxi num voltage val ue using the voltage
data received by the inspection data receiving neans; first determ ning
means for determ ning whether or not the maxi num voltage val ue detected by
the peak voltage detecting neans is equal to or greater than a fi rst

threshol d val&gog}@ HISt det ermipati op: data,out putding deansaforeq o

outputting 10 r eterm nation data to be used at |east for calling

attention if the first determni ) er m hat, t he. maxi oum
vol t age val ueqeenqeura t? oanoreigﬁéga?%@%ﬁ%nf%}gg% i éré;%é]?%r%% hb}f% f/%‘?%%é%
recorded in the voltage data. The re senious2y a wire rope is, damged
(6.g. the 15 TR tHo muiiber> 6t BFORKPere prtch)S THe frore (He Humber of

| eakage magnetic fluxes, and accordingly a higher_electronotive force
occurs on thet dEHSErIEOTT L taFatva sie dlhiyher'vol taged v atldle? i 8¢ B LY
measured. Setting a threshold value (first threshold value) in advance and
20 out put bi ng-He ristspletteron ndttonc et v for eed s hgl Arterds o inihe

exi stence of a maxi num vol tage value equal to or greater than the first

t hreshol d valmeans Senséd afrhowsn¢ oviobjleet | vel yodetlee maneimibatve heage r e
20QC i s damaged wi t hout depending on the subjective criterion for 25

det er mi nati onybyu@riOpeFedOroy the peak VHEL ¢ edsoper tafmgeagdoles m i ation
annaratus may further include second determ ning neans for deternbning

whet her or nat.the ymxiumyvoldage,yalderi ssequalediooon greaterathan a
second threshéﬁd value that is greater than the first threshold val ue and

second det er i AL of). af.A QUL PUL 1 08: BRI { OInQUEML | AG: 966808k ¢ ing

determ nati o

10 first determination data to be used at least for calling
attention 1f the first determining means determines that
the maximum voltage value equal to or greater than the
first threshold value is recorded in the voltage data.

The more seriously a wire rope 1s damaged (e.g. the

15 more the number of breaks per pitch), the more the number
of leakage magnetic fluxes, and accordingly a higher
electromotive force occurs on the sensor coil, that is, a
higher voltage value is to be measured. Setting a
threshold value (first threshold value) 1in advance and

20 outputting first determination data for calling attention
if the existence c¢f a maximum voltage value equal to or
greater than the first threshold value 1s sensed allows to
objectively determine that the wire rope is damaged
without depending on the subjective criterion for

25 determination by an operator.



to be used for calling alert it the second determ ning neans determ nes
that the maxi num voltage value equal to or greater than the second
threshold value is recorded in 10 the voltage data. This allows to
objectively determne that the wire rope i s damaged nore seriously.

The wire rope damage determ nation apparatus may further include third
determ ning neans for determ ning whether or not nultiple separate voltage

val ues equal to 15401, gr:eal erodhanthe fddst 4 heshol dyalue and.spal | er
than the second threshold value exist"wthin a data range corresponding to

one pitch of P&léﬂ&}gmfsc;]m&éﬂss&@&édcﬁi&@éé@&iﬁbﬁo%é&gOp&!cﬁewﬁgnm

determ ni ng neans an e second determ ning neans deternmine that the 20
naxinun1vo|tqﬁg val ue is equa% to or qéeatgl than the first t rg§hgéd val ue
and smal | er tHAN"tHe ¥edbnd tHF 5Fotd val Uet @ And’ The” second det erni nati on
data outputting means nmay be adapted to output second determ nation data to
be used for cAlFITRy et &l 2o Pid 25 ¥R ¢ hi r &P et ef i hi by PEARS=det et M nes
that nultiple voltage values equal to or greater than the first threshold
val ue andSsnatherfihan thweeshkebhdvahieshiol dsvabue existmwie hionthetdat a
range corresponding to one pitch. This allows to automatically determ ne
whet her or 5 motpdamagesnedins efat i vetyut ownses¢oustedst ocoima comcenttdcal |y
in one portion (wthin the |length of one pitch). The wire rope
damage det er mdatd onsappas at ¢isl mayg far s her i f nehadee foud t be detetr mingng means
for determ ning 10 whether or not the maxi mum voltage value is smaller than

a third threshol ds val uerhhatsisnhspathernthanuthheoftast threshehdavatye and
third determ nation data outputting nmeans for outputting third

determ nati on_ da i fyi d rm pat| ratus is
in an 13 abnd?%a.@%%égﬁn?ﬁé%h%ﬁgoég?%n%g?%?%gﬁgﬁg ﬁ%g%§1g%t£€§$ﬁ%§§t%gt t he

nax'”“”‘%%ltagﬁevégf%%ég a £!eﬁ%&%@%fﬂ%ﬂét¥g(%bjectively determine

that the wire rope is damaged more seriously.

The wire rope damage determination apparatus may
further include third determining means for determining
whether or not multiple separate voltage values equal to

15 or greater than the first threshold value and smaller than
the second threshold value exist within a data range
corresponding to one pitch of multiple strands
constituting the wire rope if the first determining means
and the second determining means determine that the

20 maximum voltage value is equal to or greater than the
first threshold value and smaller than the second
threshold value, and the second determination data
outputting means may be adapted to output second
determination data to be used for calling alert also if

25 the third determining means determines that multiple



threshold value. If the wire ropes are each fornmed by twisting nmultiple
strands, concavo-convcx portions exist structurally on the surface of the
wire ropes, which 20 causes a small nunber of | eakage magnetic fluxes even
if the wire ropes are not damaged and therefore a | ow vol |l age value to be
detected. Using the third threshold value, which is smaller than the first
threshol d value, and determ ning that only a voltage value smaller than the

25 third threshoi é’axlélﬁlésg detected (i Q%é'éj&é‘g the,case swhere no vol nage
val ue is detecte lows to determne that the damage determ nation

apparatus is '” a %tﬂoryﬂhe Sér"f‘fﬁesrfilﬂgll u&aﬁgtﬁ%1a§e$gﬁg'@§f§§$ég#he wire

apparatus inc e sensor coil 1s 'not installed proper

rope damage deternlnatlon may further include transn133|on

devi ce for tr4nsHi t3hy t'he T?s?h%ﬁﬁi§%d§ﬁaj%e?%¥ﬁ$%%?n 'Yatd Ehd the
third determ nation data external |y through a network. ThIS allows the wre
ropes to be mohitior ed renstidid)s 1%?Tﬁé“[fﬂ“@géfﬁ éjrﬁqe(ﬁli“%esdmﬁfr%\ﬁrd@sf a

met hod and program suitable for controlling the wire rope damage

det er mi nathi om@ppiaTEtUsS and e Fetbrdl ngl preds et ¢esgeseptéeal recordi ng

medi um magneti c di sk, sem conductor nenory) recording the program -
concentrically in one portion (within the length of one

pitch).
The wire rope damage determination apparatus may

further include fourth determining means for determining

10 whether or not the maximum voltage value is smaller than a
third threshold value that is smaller than the first
threshold value and third determination data outputting
means for outputting third determination data for
notifying that the damage determination apparatus is 1n an

15 abnormal state if the fourth determining means determines
that the maximum voltage value is smaller than the third
threshold value. If the wire ropes are each formed by
twisting multiple strands, concavo-convex portions exist
structurally on the surface of the wire ropes, which

20 causes a small number of leakage magnetic fluxes even 1if
the wire ropes are not damaged and therefore a low volftage
value to be detected. Using the third threshold wvalue,
which 1is smaller than the first threshold value, and
determining that only a voltage value smaller than the

25 third threshold value is detected (including the case

Nej



Brief Description of the Drawings Fig. 1 shows the structure of an

el evator; Fig. 2 shows the structure of a novenent nmechanism Fjg. 3 is an
enl arged perspective view of a rope tester; 20Fig. 4 is a cross-sectional
view taken along the line V-1V of Fig. 3; Fig. 5is a
cross-sectional view taken along the line V-V of Fig. 3;

Vi.o. 6is a graph showi ng a neasured voltage 25(inspection data);

7 is a graph J%E%l"%t@ede(ﬂébg@é‘&\“&ﬁ At @) determidd g 8 s
a flow chart s OWI ng an gorithmof wre rope damage determ natlon

pr ocessi ng; d Gt %es fdon, Ch@fgn shawi ng. {Ee, a1 gords fup olyif e

rope damage dte}% erm na iOn - pF oc I's a f ow c art
showi ng the al gorit m of e o det er m nati on_ proces
9 ég ugﬁ ng na Q1spectlon apparatus 1ng rgano

the sensor coil is not installed properly).

5 The wire rope damage determination apparatus may
further include a transmission device for transmitting the
first and second determination data and the third
determination data externally through a network. This
allows the wire ropes to be monitored remotely.

10 The present invention also provides a method and
program suitable for controlling the wire rope damage
determination apparatus and a recording medium (e.q.
optical recording medium, magnetic disk, semiconductor
memory) recording the program.

15 Brief Description of the Drawings

Fig. 1 shows the structure of an elevator;

Fig. 2 shows the structure of a movement mechanism;

Fig. 3 is an enlarged perspective view of a rope
Ttester;

20 Fig. 4 is a cross-sectional view taken along the

line IV-IV of Fig. 3;

Fig. 5 1s a cross-sectional view taken along the
line V-V of Fig. 3;

Fig. 6 1s a graph showing a measured voltage

25 (inspection data);

10



Fig. 11 is a table showing results of a test 10 measuring danmaged wire
ropes; Fig. 12 is a graph drawn based on the test results shown in
Fig li; Fig. 13 shows the positional relationship between a wire
rope and the rope tester; 15Fig. 14 is a table showi ng results of another
test measuring danaged wre ropes; Fig. 15 is a graph drawn based
on the test results shown. Fig. 14; Fig. 16 shows the

posi tional relationship between, a.20 mwite rope and the;rope fester, and

] h)

Fig. 17 is a cross-sectional view, corresponding to Fig. 4, of a rope

tester accordwyg t o_anot her e)n‘_oodi ment. Best Mbdde for Carrying out the

| nvention Fin. ‘15%%%%501% h%ats?r’ucture of an erevator. 25The el evator
i ncl udes a hol stway_ 1, machi ne room 2 pr.ovi ded Over. the.
d i it o

L ostway 1, an
el evator car 3 arranged t o hov w9 1 hethot t Sty 1 C%/% Carty
passengers and cargoes, and a ware rope 5 with one end thereof fixed to an
upper part (oUPRT de2BFo¢ HeceRfTingy)1of Phecefevator 5 car 3 and the ot her
end thereof fixed to a balancer weight 4. In general, multiple wire ropes 5
arranged iPn paral | lian th jeach biherclaret usled foF dievatorsithm ghiwsire
enbodi nment, four parallel-arranged wire ropes 5 are used. In Fig. 1, one of
the wire ropesobeigamndy Sdownmfontidbe processing;

Fig. 10 is a flow chart showing the algorithm of
wire rope damage determination processing;
Fig. 11 is a table showing results of a test
10 measuring damaged wire ropes;
Fig. 12 is a graph drawn based on the test results
shown in Fig. 11;
Fig. 13 shows the positional relationship between a
wire rope and the rope tester;
15 Fig. 14 is a table showing results of another test
measuring damaged wire ropes;
Fig. 15 is a graph drawn based on the test results
shown in Fig. 14;
Fig. 16 shows the positional relationship between a
20 wire rope and the rope tester, and
Fig. 17 is a cross-sectional view, corresponding to

Fig. 4, of a rope tester according to another embodiment.

Best Mode for Carrying out the Invention

Fig. 1 shows the structure of an elevator.

The elevator includes a hoistway 1, a machine room 2

B
o

11



10sake of clarity. The mddl e portion of each of the four wire ropes 5
travels (runs) through the machine room2 to be wound around a hoist 6 and
applied to a deflector sheave 7 provided in the machine room 2. An el evator
control panel 15 8 including a comunication device 10 is provided in the
mach71. ne room2 to control the hoist 6. As the hoist 6 rotates forward and
backward, the wire rope 5 noves and accordingly the el evator car 3 nobves up

and down in the hojstway 1., 2010, the, npehi ng, room 2,04 here ﬁraeqféﬂct&er
provi ded a rope tester 20 for detecting a damage (the exi stence and

seriousness of a real fl aw t.he , ]g?§¥% gggﬂﬂqgsn130
for noving thé)rope te ster f%?%hﬁ' éhéoﬁyili{ Qﬁﬁgi con I ng the rope
tester 20 and the 25 novenent nechani sm 3 J,nspe ect the mnre fope,

As menti oned VELIHE el fbﬁ“%ﬁﬁﬁ?%egpanéﬁLé(grovﬁaéd T The ﬁ%c i ne
room 2 includes the connunlcatlon devi ce_10. The communi cation device 10 is
connect ed t hrisugh! &R & ol & i § ot ntdq%y%eiﬁe]n%?ﬂ dtt amelevatorer
managenent firm Data representing the elevator situation is transnitted
fromthe &l evator3 cont ridle paretr 81 at hdvee Conmuti € dt® oh eVt 10’ @htho
nmoni toring system 11, and the elevator situation is constantly nonitored by

the nonitoring syst eantlallOThe telévatworrecantresl Spanelar8dds ial e rednmect ed
to
with each other are used for elevators. In this
embodiment, four parallel-arranged wire ropes 5 are used.
In Fig. 1, one of the wire ropes 5 1s only shown for the
10 sake of clarity.
The middle portion of each of the four wire ropes 5
travels (runs) through the machine room 2 to be wound
around a hoist 6 and applied to a deflector sheave 7
provided in the machine room 2. An elevator control panel
15 8 including a communication device 10 is provided in the
machine room 2 to control the hoist 6. As the hoist 6
rotates forward and backward, the wire rope 5 moves and
accordingly the elevator car 3 moves up and down in the
hoistway 1.
20 In the machine room 2, there are further provided a
rope tester 20 for detecting a damage (The existence and
seriousness of a break or flaw) in the wire rope 5, a
movement mechanism 30 for moving the rope tester 20, and a

controller 9 for controlling the rope tester 20 and the

25 movement mechanism 30 to inspect the wire rope 5.



the controller 9 through a signal Iine. As will be described hereinafter,
data representing inspection results (determnation results) for the wire
rope 5 is also sent fromthe controller 9 through the signal line to 15 the
el evator control panel 8 and then transmtted fromthe elevator contro
panel 8 to the nonitoring systemfll of the el evator managenment firm

Fig. 2is , side viewin which the novenent nmechanism 30 for noving the

rope tester 20 provided.in dhe 20, JAChine. r00m 2 d;s Shown, t ggethers wi th the

wire rope 5. The novenent mechanism30 is fi..xed in the nmachine. room 2

and conprises_an induction nmotor, 31 i (o} ot {not . shown. Qgﬁgxed to
rotate forward and backwar ¢ v‘"vittaf TR %§%ﬁ§$elr%1dn‘é%g%nb‘ﬂ$a? rang)ec. e end
of a first 25 arm32 is fixed toja.rotag¥ls aft SL%kqoupled tq the rotor

of the induct®Oh-Hotot: 31, an@ Ghe &rd Je¢Ond Form 33 &t éndi ng
perpendicularly to the lorigitucirral direction of the first arm32 is
fixed to the GtHeroeml BFEYNE fi7 st B 820110 ropet st erchtfachh®emt 32 is
fixed to the other 5 end of the second arm 33, and the rope tester 20 is
attached to timenaopecniesterm at tadRTEMP 3BT tHe inductticon stet 3D | s
driven, the rope Lester 20 nobves on an arc trajectory by a predeterm ned
angl e about the rotaeyi shaltf3A tiOWheevd her ropet testeanD doesa note

i nspect the wire rope 5, the novenent nechani sm 30 keeps the Lope tester 20
in a standby posidhomtidh Rigvide theral ties nadeitongnandyshont1dasindi ne

indicates that the rope tester 20 is kept
the elevator situation i1s constantly monitored by the
monitoring system 11.

10 The elevator control panel 8 is also connected to
the controller 9 through a signal line. As will be
described hereinafter, data representing inspection
results (determination results) for the wire rope 5 is
also sent from the controller 9 through the signal line to

15 the elevator control panel 8 and then transmitted from the
elevator control panel 8 to the monitoring system 11 of
the elevator management firm.

Fig. 2 is a side view in which the movement
mechanism 30 for moving the rope tester 20 provided in the

20 machine room 2 is shown together with the wire rope 5.

The movement mechanism 30 is fixed in the machine
room 2 and comprises an induction motor 31 including a
rotor (not shown) adapted to rotate forward and backward
within a predetermined angular range. One end of a first

25 arm 32 1s fixed to a rotary shaft 31A coupled to the rotor



t he standby position. The rope tester 20, when kept in 15 the standby
position, is not in contact with the wire rope . Applied with a drive
voltage fromthe controller 9, the induction notor 31 starts to rotate
forward (clockwise in Fig. 2). The rope tester 20 gradually conmes close to
the wire rope 5, and a planar sensor surface (front face) 20 of the tester
is made in parallel with a plane defined by the multiple wire ropes 5 and

brought L ntse cont aGiq Mt t he M r &1 opess ynhsele 4he i ndugtd onmoipr 31

stop rotating forward. This position of the rope tester 20 is called

det ecting poseil dQ s AP B 245 dhe sal i, %ﬂbe i Jdndicates thal-the rape
en

tester 20 |s 1I'n the detecting position. e rope tester 20 cones to

the detecting positign and the sensor surface of the rope Lester. isin
contact with r%e ﬁ/ﬁrrsgt r‘ope 352h Jt%eg}vﬁer% troop%]% O?Cshe[*o ebneé)ionfs:c_)tencet eilrdlrasgC will be
descri bed hereinafter. Since the 5 wire ropes 5 each have an approxinmately
circul ar crosssetti ofal O8Rapes tehe ASEREGF S PAce Sof tré F&pégﬁeﬁ%ﬁfzo
and the four wire ropes 5 cone in |ine contacteach other. Wen the

i nspecti oh ofertchee nitiee respeorBl s ol etled, LIF0 tdiee dontrol 1€t ‘% appl i es an
anti phase drive voltage to the induction notor 31. The induction notor 31
then starts teo traotratce tvackwarchbe diad erc| ocikanseenitn H g. W2ent ghput t he

induction motor 31 is driven, the rope tester 20 moves on
an arc trajectory by a predetermiﬁed angle about the
rotary shaft 31A.

10 When the rope tester 20 does not inspect the wire
rope 5, the movement mechanism 30 keeps the rope tester 20
in a standby position. In Fig. 2, the alternate long and
short dash line indicates that the rope tester 20 is kept
in the standby position. The rope tester 20, when kept in

15 the standby position, is not in contact with the wire rope
5. Applied with a drive voltage from the controller 9,
the induction motor 31 starts to rotate forward (clockwise
in Fig. 2). The rope tester 20 gradually comes close to
the wire rope 5, and a planar sensor surface (front face)

20 of the tester is made in parallel with a plane defined by
the multiple wire ropes 5 and brought into contact with
the wire ropes 5, where the induction motor 31 stop
rotating forward. This position of the rope tester 20 1is
called detecting position. 1In Fig. 2, the solid line

25 indicates that the rope tester 20 i1is 1n the detecting

14



rope tester 20 back to the original standby position. One to three tines
per day at a specific tinme, for 15 exanple, the controller 9 controls the
novenent nechani sm 30 to nove the rope tester 20 fromthe standby position
to the detecting position and, at this timng, the wire rope is inspected.
Since the rope tester 20 noves to the detecting position only upon

i nspection of the wire rope 205, the rope Lester 20 and the wire rope 5 are

hot in constantscontact wdh each Ald ewhareby, d he,wear: dub. & oidhe-dime

contact between the sensor surface of _he rope tester 20 and the wire rope

5 can be redugg%iti%% and the seﬁ%gr gg&%aé@ 89'@%8690§§r§899 £V§9V1§F10f

the rope 25 tester in a view on the sensor surface (front face h a
cover 21 partijall néggﬁved. Flo 4 is a cross-sectional viewtaken along the

life IV-1V of “Fi G dVEFy. U5% 4 B cF RS- Bect 1 ondt T Vi BW t akeh® al OngC t he
line V-V of Fig. 3, shown tpgether}mjth,the mﬁre,roFes 5. 1n Fig%i 54 and
5, the cover P1SPChet dhownll Pe deSRetBEF| RGFEONEF gL B Hifd B!€ and
based on Fig. 5 the rope tester 20 conprises a rectangul ar parall el epi ped
yoke 22, & pavirofreeesahgetalr paval #el epPpediagneysCRaAculsrffgedsto the
| ateral ends on the upper surface of the yoke

sectional shape, the sensor surface of the rope tester 20

and the four wire ropes 5 come in line contact with each

other.

When the inspection of the wire rope 5 1s completed,

10 the controller 9 applies an antiphase drive voltage to the
induction motor 31. The induction motor 31 then starts to
rotate backward (counterclockwise in Fig. 2) to put the
rope tester 20 back to the original standby position.

One to three times per day at a specific time, for

15 example, the controller 9 controls the movement mechanism
30 to move the rope tester 20 from the standby position to
the detecting position and, at this timing, the wire rope
5 is inspected. Since the rope tester 20 moves to the
detecting position only upon inspection of the wire rope

20 5, the rope tester 20 and the wire rope 5 are not 1in
constant contact with each other, whereby the wear due to
the line contact between the sensor surface of the rope
tester 20 and the wire rope 5 can be reduced.

Fig. 3 is an enlarged perspective view of the rope

25 tester 20 in & view on the sensor surface (front face)



10 22, a rectangul ar parall el epi ped coil base 23 fixed to the upper surface
of the yoke 22 between the pair of magnets 24, 25 in a manner spaced from
the magnets 24, 25, and a pair of planar sensor coils 26L, 26R fixed to the
upper surface of the coil base 23. Referring to Fig. 3, the 15yoke 22,

magnets 24, 25, coil base 23, and coils 261, 26R are covered with the cover
21. The side on which the coils 26f, 26R are positioned corresponds to the

sensor sur facg (f ront, face) qf, tihe rape dester. 20, guhich i s toumed in a
pl ane. 20The l'ength (w dth) of the rope tester 20 (dinmension in the

| ongi tudi nal s%ié%telcotz- n gew-rhceakye%ealﬁg'io mgnet.s, 24;,_2p,, €04, base, 23, and

sensor coils iI's greater tham the entire width of the four
paral |l el -arr ed wire ropes 5 (i.e. diameter x ,nunber of th 'nree\/r_qpes 5

H o e ESh=/ e W
+ 25 soacl ng “‘di%st ahce® » nunbar Of° 'spaces bet'ween adj acent W' e topes 5).
The length of the rope tester 20 is adjusted appro riatehgéiccordin% to the
nunber of wir¥ ridges 5. KOHhy- GHtie et He' Yopd G est’er PP {sensor siirfdce and
sensor coils 26L, 26R) is provided across the entire width of the 5
mul tiple Wre raopes /5 the bevgispectied nRefErdithg to Fig. 3, a magnetic flux
generated fromthe pair of magnets 24, 25 forns a magnetic | oop that passes
t hrough t he magnet RREexwiire rcopé'isy,s .magretd 24 and! yoke2n do.d-hdt, tthe wire
rope 5 is magnetized. The wire
rope tester 20 comprises a rectangular parallelepiped yoke
22, a pair of rectangular parallelepiped magnets 24, 25
fixed to the lateral ends on the upper surface of the yoke
10 22, a rectangular parallelepiped coil base 23 fixed to the
upper surface of the yoke 22 between the palr of magnets
24, 25 in a manner spaced from the magnets 24, 25, and a
pair of planar sensor coils 26L, 26R fixed to the upper
surface of the coil base 23. Referring to Fig. 3, the
15 yoke 22, magnets 24, 25, coil base 23, and coils 26L, Z26R
are covered with the cover 21. The side on which the
colls 26L, 26R are positioned corresponds to the sensor
surface (front face) of the rope tester 20, which is
formed in a plane.
20 The length (width) of the rope tester 20 (dimension
in the longitudinal direction of the yoke 272, magnets 24,
25, coll base 23, and sensor coils 26L, 26R) is greater
than the entire width of the four parallel-arranged wire

ropes 5 (i.e. diameter x number of the wire ropes 5 +

25 spacing distance x number of spaces between adjacent wire
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10 rope 5, which may undergo a saturated magnetization or an unsaturated
magneti zation, s preferably limted to undergo an unsaturated

magneti zati on. The degree of magnetization of the wire rope 5 can be

adj usted accordfng to the type of the magnets 24, 25, the distance between
15 the magnets 24, 25 and the wire rope 5, the cross-sectional area and/or
the length of the yoke 22. For exanple, if the nagnets 24, 25 are not

neodymi um but_ferrite ones, ithe degree of (mmmgnetizati on ofs the wire rope 3
can be lowered.” Limting to an unsaturated 20 nmagneti zation all ows the

signal -to-noise ratio (S/N ratio). I ns t ta-t.o: i bed

herei nafter t%?@ﬁ?gTﬁﬁ%éa %Héé%%ﬁ %é%gtﬁigmggﬁbgﬁeggdg%ﬁi gﬁ%%%c$'bé¥heen
the wire rope 5 and the rope testert20 %@ Fe reduced, Referrhng now to Fig.
1, the wire ropes B wach 25 P9l Ude & bundl ed F7bef " cbie” 54 @nd"ei ght
strands 5B tw sted around the fiber core S5A. The strands 513 are agh
formed in a s&a]lstdet uf @R net U NG L CoF e W T e LSt ot W r‘é}Q%&,oﬁi e

i nner-1layer element wires (steel wires) 5b twi sted around the core wire 3a,
and ni ne 6ut enultayere 5vietenere i ¥ elso (18t el 9We@s3dSc twi sted further around
the inner-layer elenent wires 5b (denoted "8xS (19)", for exanple).
Magnetic fluxes framifde imagnet 524, 25 passondiroughl wutesn i atcadfierant i al
strands 5B of each wire rope 5. 10Iln the wire ropes 5, the strands 5B are
likely to be dasmaged- eaf | hesndham 1 hexsentriah | y-hogatedcfibep cose 5A and,
focusing on the strands 5B, the outer-layer element wires Sc are | Kely to

be damaged earli&ls thanthe €oL enk&: Sas angdi therppaes; | aypletehenenl W res
5b. Wien a
yoke 22, so that the wire rope 5 is magnetized. The wire
10 rope 5, which may undergo a saturated magnetization or an
unsaturated magnetization, is preferably limited to
undergo an unsaturated magnetization. The degree of
magnetization of the wire rope 5 can be adjusted according
to the type of the magnets 24, 25, the distance between
15 the magnets 24, 25 and the wire rope 5, the cross-
sectional area and/or the length of the yoke 22. For
example, 1if the magnets 24, 25 are not neodymium but
ferrite ones, the degree of magnetization of the wire rope
5 can be lowered. Limiting to an unsaturated
20 magnetization allows the signal-to-noise ratio (S/N ratio)
of inspection data to be described hereinaffter to be
improved and further the wear due to the contact between
the wire rope 5 and the rope tester 20 to be reduced.

Referring now to Fig. 4, the wire ropes 5 each

25 include a bundled fiber core 5HA and eight strands 5B

17



IS break occurs in the outer-layer element wres Sc, magnetic fl uxes
passi ng through the strands 5B are disturbed and | eak out of the wire rope
5 at the broken portion. A nmagnetic flux :caking out of the wire rope 5
will hereinafter be referred to as '|eakage nmagnet c¢ flux". 20 Wen the
broken portion of the magnetized wire rope 5 passes by the rope tester 20,
the | eaKage magnetic flux causes an el ectronotive force on the sensor coils

26L, 26R The exdsience, and seriousness, of 4he dagnge i:nkhepwire copg 5
can be detected according to the existence and 25 magni tude of the

el ectromti V& r(?nreho QN 4 e sensar, 04 1r?cﬁi|'udl%§)1]a core wire &Steeq and 7

are grapes eac W' ng a nmeasure tage (i nspection data) based or an

el ectronoti ve forcqioccurrln on. tQEg%?ngr q:I%JgGL eel'T@gxyqugcal
axi s represeﬁf§fiheEVoFPéﬁ%Jv&] e ‘based on tHe el'éctT ohbtive force

occurring on the sensor coils 26L 2611, E§£|Ifled by 6,000 tines. The
hori zont al axi's: St et tHe 54 Ih- Whi tHe Vottade val ue ¥els acqui r ed
over time fromleft toright. In Figs. 6 and 7, the time width (data range)
10 corr espondilmyard tHeE den@IPof o i tTh ofl 1R st ants’ 55° @ostitut i ng
the wire rope 5 is also indicated by the solid The nore seriously the wire
rope 5 i s danaged (leyrr tdemorte wihe nuibetdofotbreadkds perl Pi't.,cHor t he nore
the 15 nunber of | eakage magnetic fluxes, and accordingly a higher
el ect ronot i ve::f01Cle: Joccuagnen ithe 1sersor reai khe2bbgnets 24, 25 pass
through outer circumferential strands 5B of each wire rope
5.
10 In the wire ropes 5, the strands 5B are likely to be
damaged earlier than the centrally-located fiber core 5A
and, focusing on the strands 5B, the outer-layer element
wires 5c¢ are likely to be damaged earlier than the core
wire 5a and the inner-layer element wires 5pb. When a
15 break occurs in the outer-layer element wires 5c, magnetic
fluxes passing through the strands 5B are disturbed and
leak out of the wire rope 5 at the broken portion. A
magnetic flux leaking out of the wire rope 5 will
hereinafter be referred to as “leakage magnetic flux”
20  When the broken portion of the magnetized wire rope 5
passes by the rope tester 20, the leakage magnetic flux
causes an electromotive force on the sensor coils 26L,
26R. The existence and seriousness of the damage in the

wire rope 5 can be detected according to the existence and

25 magnitude of the electromotive force on the sensor coils
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2611, that is, a higher voltage value is to be neasured (found by

conpari son between Figs. 6 and 7). If nultiple |ongitudinally-separate
damages exi st at short ntervals 20in the wire rope t-.), multiple nmeasured
vol t age peaks appear within a narrow data range in the graph (see ig. 7).
Referring further to Figs. 6 and 7, it is found that a | ow voltage value is
nmeasured constantly. This is for the reason that since the wire rope 5 1is
formed by tw stingetght strands rh as nentioned above, concave- convex
portions resulting from tmnstlng the eight strands 53 exist on the surface

Dot woon el oht oir o ! r { onyex, portions
déﬂg3 |neV|ta5¥R9eX| 4 e §WB§Q&§@¥q“§ s

bet ween ei ght stran ts even on non-damaged 5 wire
rope 5 to e _ng as a, | ow neasur ed vo;ta e maveforn1 n the g{agh ThIS ki nd
e

of wavef orm GiTy HUE RSt he” eXi 5t ende of c%ncav%‘convex por? i on
bet ween the strands 53 is generally cal|ed strang Ol%ﬁgiThe st nd n0|se
causes a vol tage" valie %%v?%% 2Pk oftabotitlo. 3%t o edits
Referring again to Fig. 5, in order to keep the variation in the neasured
vol tage (St r anebhosee)s duee t 601 hedexy st encea8td conchlve- @ bAVEROPOF VNS
between the strands 5B as Tow as possible, the rope tester 20 includes the
pai r of sensofocot|sc@6tyi2g3omndhShecdsst ancel 8b26bet hedn thelt Megensor
coils 26L and 26R (the spacing between portions through which the | eakage
magneti c fl uxepasses)inés. t ed ntegraintall td:ple ofptdeerspaciieg tiate bet ween
the tops (crowns) of adjacent strands 53. Since
which the voltage value was acquired over time from left
to right. In Figs. 6 and 7, the time width (data range)
10 corresponding to the length of one pitch of the strands 5B
constituting the wire rope 5 is also indicated by the
solid line.
The more seriously the wire rope 5 1s damaged (e.g.
the more the number of breaks per pitch), the more the
15 number of leakage magnetic fluxes, and accordingly a
higher electromotive force occurs on the sensor coils 26L,
26R, that 1is, a higher voltage value 1s to be measured
(found by comparison between Figs. 6 and 7). If multiple
longitudinally-separate damages exist at short intervals
20 in the wire rope 5, multiple measured voltage peaks appear
within a narrow data range in the graph (see Fig. 7).
Referring further to Figs. 6 and 7, it 1s found that
a low voltage value is measured constantly. This 1s for

the reason that since the wire rope 5 is formed by

25 twisting eight strands 5B as mentioned above, concavo-



20 the nunber of | eakage magnetic fluxes |eaking due to the existence of
concave-convex portions p_ -een the strands 53. and passing through the two
sensor coils 26L, 263 is thus averaged, the | eakage magneti cl eaki ng due to
t he exi stence of concave-convex portions between the 25 strands 53 can be
di stingui shed easily from| eakage magnetic fluxes |eaking due to a danmage
inthe wire rope 5. That Is, the variation in the strand noise energing in

the measured yoltage gan he kept,ion,, Adpasyred voltage (Jnspectdon data)
representing 5 such a waveformas shown in the graph of Fig. 6 or 7 is

output from tSQBe S OR& t%sh%ge Zsou d%ef %dF tt%et %rceog&{tpé |5€r %ha‘%s \éﬁ ! la next be
olier s the 1nspe a N F Y

descri bed, the control use I'nspecti on ta to inspect the wire
rope 5. Figs., 8 to 10 are flow.charts show ng an al orithqglo of_ wire rope
danage det er MiSFati%n Hrotess %@ﬁ%ﬂ@@q%%%§%%n%ﬁ?%ﬁ%ﬁ/@h%ﬁ%m
for executing the algorithmshown in the flow charts is prelimnari
momammdi@@W@%ﬁ%@%ﬁ%ﬁ%ﬂﬁﬁ%ﬂ§WM$W%@%&%%h@%§%@ﬁ?Ilm
9. The program may he recorded on a CO-ROM or the like 15 and installed in
the controll erir® vicpea I érqrigndr device (levy. et sioiral Vo dorgsutvery)e L orfe

term nal device may be used to nodify (adjust) various paraneters (e.g.
mul ti pl e threshalid wdddges Thas kanidows detverfmizmativens ing beedésc tinked
hereinafter) and transfer the nodified 20 paraneters to the controller 9.

As menti oned abomesn@ne t adives tddmesepasodayorad Beispeai filce tdmmsndor
exanple, the controller 9 automatically . inspects the multiple wire ropes

3 used in theelevalOe AN | NsPectd on stradf thsi gnal MRy she shuansistt ed
manual Ty or 25 automatically fromthe nonitoring system 11l to the
causes a voltage value having a peak of about 0.3V to be
10 measured.

Referring again to Fig. 5, in order to keep the
variation in the measured voltage (strand noise) due to
the existence of concavo-convex portions between the
strands 5B as low as possible, the rope tester 20 includes

15 the pair of sensor coils 26L, 26R and the distance “b”

between the two sensor coils 26L and 26R (the spacing

between portions through which the leakage magnetic flux

ANY rr

passes) is the integral multiple of the spacing “a
between the tops (crowns) of adjacent strands 5B. Since

20 the number of leakage magnetic fluxes leaking due to the
existence of concavo-convex portions between the strands
5B and passing through the two sensor coils 26L, 26R is
thus averaged, the leakage magnetic fluxes leaking due to

the exlistence of concavo-convex portions between the

25 strands 5B can be distinguished easily from leakage

20



controller 9 and, 'based on the inspecilon start signal, the inspection may
be performed. The controller 9 first cooperates wth the el evator contro
panel 8 to nove the elevator car 3 to the top floor (see Fig. 1), and then
5 controls the novenent nmechani sm 30 to nove the rope tester 20 fromthe
standby position to the detecting position (see Fig. 2). The elevator car 3
is nmoved fromthe top floor to the bottomfloor at a predeterm ned speed
(e g. o0mm n)yqqyring Wikeh the, rope.testers 20 acqui [escdd inspeesion data
(see Figs. 6 an . After determnation processing using the inmspection
data to be next scri.bed, .t he . r.ol | er ont.r - the venent. chani sm
30 to put theg('r oggla'%esltsér “2‘“(53 ﬁ%ﬁ% lgmdgtne%th%ngrgtp%s%irg)niig;cﬁ( toJltrr}‘Ié: e

ori gi nal staq§%¥lﬁosition. It wll be understood that the 15 Lope tester 20
may be put frio the” et et TRgt posi (7o backCt o' the origi nal st andby
position innediatebg after the acguisation of the inspection data,

it is assuned that & REaHEFECLT O al (gt v vot tager )T Y cv
(waveform -l ess data). If the 20 neasured voltage Vs were 0O\7, the
control | ef 9 sighla beavaf ancabhors el statehsughaals af pbwer-bfPrstate or 4n
a state where power is supplied but a short-circuit occurs on the circuit
board of the conpuiol fesm ©he Thepaoveseat hechadi Saf 80 hihghtoberdhlan
abnornmal state and could not nove the 25 rope tester 20 fromthe standby
position to the detectiingie:posid idkcrriesitl, tihag-drit 4didted rspectd armalat a

wi th no voltage value recorded therein m ght be ge eraLed. The el evator

control panel ;8 for; exagple - Fayndetect - khaf; val idoknspection data cannot
be acquired (|nc?ud|ng that no inspection data is output fromthe

controller 9). In t%&}qgs.ngset?tf@_ﬂee_Vﬂa{)_&%#w's@%ﬁkgfﬂa%%ﬁ@w

transmts, for exanp determnation bit of Cto the nonitori.ng system

11 The monitoring system 41,L0Lo0p. OREGIYELS 8L LRE, PRGUELERSERQh BHCh an

the controller 9. A program for executing the algorithm
shown in the flow charts is preliminarily programmed in a
computer or memory (not shown) included in the controller
9. The program may be recorded on a CD-ROM or the like

15 and installed in the controller 9 via a terminal device
(e.g. personal computer). The terminal device may be used
to modify (adjust) various parameters (e.g. multiple
threshold voltages for various determinations to be
described hereinafter) and transfer the modified

20 parameters to the controller 9.

As mentioned above, one to three times per day at a

specific time, for example, the controller 9 automatically
inspects the multiple wire ropes 5 used in the elevator.

An inspection start signal may be transmitted manually or

N
o

automatically from the monitoring system 11 to the
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10 a blue warning light, warning sound, etc. A warning |light and/or a
speaker may be provided on the elevator control panel 8 or the controller 9
in the machine room2 and the warning |ight nmay be turned on and/or a
war ni ng sound nmay be made. 15l nspection data (neasured voltage Vs) output
fromthe rope tester 20 (see Figs. 6 and 7) is first fed to the controller
9 (step 41). if the neasured voltage Vs is within the voltage range

of CV < Vs < 0,2V, though not QLsddhal, ise NG peak: 20, votage equali to or

hi gher than 0.2V energes in the waveform of the neasured vol tage Vs ("YES"

at step 42), the contrall ‘ .@Pq, ransm t ter.m natd. bit of
0 to the mniﬁh(r;erilﬁqg%sey%leoﬁ f?a}e:.gaé)ﬁ]ezhe e\/éa(%'orSI(:mgn'?t 0 tq%algeelmg i9Re
(communi cation device 10). (st 43). This is for. 25 t eason that. a
strand noi se Ce%ﬁpsﬁirs“te%seﬁ)low a eongged‘éarﬁ(ag%d:%§%01r ope 5 %stonerrﬁch%ﬁterbe above,
and the strand noi se has a peak of about 0.3V, If there is no, peak voltage
equal to or HiGHEITXh&0.2VEC d FhorQR ci YU t (3%l t~br A o%%%-@??rbuit
fault, for exanple, mght occur 5 on the sensor coils 26L, 26R Aso in
this casep a @etterad hatliondiaedny nechannymi 14 e tie0 thet oni o | MY 535t em
Il to informobservers of the occurrence of such an abnormal state wth a
bl ue war ni ng 2G4 ghtgm wareni sigprstundyosticiorld eheyofit et viad ueoeuiadnt o or

ni gher that 0.2V is Mcluded in the waveform of the measured voltage Vs
("NO' at step(£) ,rihe mmaxi mum idstvanianeeus vals ageadaliuen( hereitnaf t er
referred to as peak voltage Vp) in the neasured waveformis acquired and it

i s determ ned:- whet het 45 afoaln thesdeake: Vol 4 adee Morh snd@Weseddane 0y 6V
(steps 44 and 45). lithe peak voltage Vp is lower than 0.6V, it is

determ ned that fhe wi r%@{%pﬁéﬂiéh n@%{? ﬁ%@g%sé&% S, CaS€ered he

controller 9 outputs 'a rmnation 1 ("YES" at step 45 and step
o T Y S B GO IREL 0o &0 #15s NERla 1Y) OF AN MK LRGN M I 2

green |i e.

processing using the inspection data to be next described,
the controller 9 controls the movement mechanism 30 to put
the rope tester 20 from the detecting position back to the
original standby position. It will be understood that the

15 rope tester 20 may be put from the detecting position back
to the original standby position immediately after the
acquisition of the inspection data.

It 1s assumed that the inspection data (measured

voltage Vs) is not 0OV (waveform-less data). If the

20 measured voltage Vs were 0V, the controller 9 might be in
an abnormal state such as a power-off state or in a state
where power 1is supplied but a short-circuit occurs on the
circuit board of the controller 9. The movement mechanism

30 might be in an abnormal state and could not move the

25 rope tester 20 from the standby position to the detecting

22



If the peak voltage Vp is equal to or higher than 0.6V ("NO' at step 45),

the voltage val ue does not indicate a strand noi se but muht be de cted due

to a 25 danage in the wire ropeThe controller 9 nmakes a two- Level
determ nation of the seriousness of the damage in the wire rope 5 as
follows. is first determ ned whether or not the peak voltage Vp is equal
or higher than 1.4V (step 47). 5if the peak voltage Vp is equal to or

hi gher than

1,4Yi £1dn 4 rdsuVpinat i step.47) nspedamgesofargtati vgly high

seriousness nay occur in the wire rope 5. Inthis case, the controller 9

outputs a d6t§§figgé;f%%8§tg%&opgédoghérépﬁgﬁggﬁEdb@95¥n&9§tggpitfﬁéng

system 11 not|
the wire rope 5 i

d d t 5
o T ool PTG AP B2 g VEER LahSr RO haVele

I es red war ni ng

en it is.-notified %h the wire
ﬁcéné o the

multiple wire ropes. 5 is damaged is to be perforned

in general. 15|f the
peak voltage Voli$ éﬁ%%?chO%rdﬁ?@h%?“?ﬁénb@.GQQBhFeﬁoﬁchiﬁahn@.E@af

at step 41),
5

10

15

20

25

, warni ng sound, etc., that
a

to

"YES"

t he nunber of
no inspection data 1s output from the controller 9). 1In

this case, the elevator control panel 8 outputs and
transmits, for example, a determination bit of 0 to the
monitoring system 11. The monitoring system 11 informs
observers of the occurrence of such an abnormal state with
a blue warning light, warning sound, etc. A warning light
and/or a speaker may be provided on the elevator control
panel 8 or the controller 9 in the machine room 2 and the
warning light may be turned on and/or a warning sound may
be made.

Inspection data (measured voltage Vs) output from
the rope tester 20 (see Figs. 6 and 7) is first fed to the
controller 9 (step 41).

If the measured voltage Vs is within the voltage
range of OV < Vs < 0.2V, though not 0V, that is, no peak
voltage equal to or higher than 0.2V emerges in the
waveform of the measured voltage Vs (“WES” at step 47),
the controller 9 outputs and transmits a determination bit
of 0 to the monitoring system 11 via the elevator control
panel 8 (communication device 10) (step 43). This 1s for

the reason that a strand nolse exists even on a non-
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vol tage val ues (peaks) within the range of 0.6V Si' Vp < 1.4V is next
counted within the I ength of one pitch of the strands 5B (data range
corresponding to one pitch) (see 20Figs. 6 and 1), and then it is

det erm ned whether the nunber is one or nore (steps 48 and 49). This
determ nes whet her or not damages of relatively | ow seriousness occur
concentrically in one portion. I f the nunber of voltage val ues

wi thin the range 2> equal 19,0r highefethan & B put d.ovnernd hanh 4V is

one wthin the length of one pitch, the damages m ght not occur

Concentricajlﬁgjé% Qﬁﬁsppﬁ§é§ﬁ‘é¥ égghﬁMCn%ﬂfOp%fb ’% etqisn%a %’kthe
K ' put’ 5 g and acc%rgi

controller 9 outputs a determ nation output bit o ngly a

yel l ow warning .l ight, for exanple,. is used to call attention to observers
("YES' at sté%ﬂiggﬁhénggp%§b¥B:qﬂ*qher The’ of frer” Hand, - 11 the nunber of
vol tage values within the range equal to or higher than 0.6V but |ower than
1.4V is two Orttor @MmidthidPahe Hength GFiome Pt chie™o ¢ hé™ dHhadd<'Hi ght be
of relatively | ow seriousness but may occur concentrically in one portion.
In this case,ort Heicarroit ero 9l HutPut LR determi nat itér Sosepey Bit of 3 and
observers are infornmed of the abnormality with a red warning |ight, warning
sound, etc., descdmnitrtes icaseo wherfe A5 4 her peakl viold age VI isoeguat in® or

hi gher than 1.4V ("Two or nore" at step 49 and step 51). The

above- descri hggs@drgori tdun usesrit heb dd reird hyestiod baeltagecofoD. 2H o
determ nation oi whether or not the rope tester 20 (sensor coils 26f, 26R)

is in an 20 ahnormell state dhe, seoond thyesiml d voht ages of i Qy 836 fron,
determ nation of whether or not the wire rope 5 is damaged, and the third
t hreshol d vol e of 1.4V for two- |level determ nation of the seriousness
of the damage. These three threshold voltages were obtained through a

10 If a voltage value equal to or higher than 0.2V 1is
included in the waveform of the measured voltage Vs (“NO”
at step 42), the maximum instantaneous voltage value
(hereinafter referred to as peak voltage Vp) in the
measured waveform is acquired and it is determined whether

15 or not the peak voltage Vp 1s lower than 0.6V (steps 44
and 45). If the peak voltage Vp is lower than 0.6V, it 1is
determined that the wire rope 5 is not damaged. In this
case, the controller 9 outputs a determination bit of 1
(“YES” at step 45 and step 46). Observers are informed of

20 the normality of the wire rope 5 with a green light, for
example.

If the peak voltage Vp is equal to or higher than
0.6V (“NO” at step 45), the voltage value does not
indicate a strand noise but might be detected due to a

25 damage in the wire rope 5. The controller 9 makes a two-
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25 test, the details of which will hereinafter be descri bed. Fi g.
11 shows results of a test neasuring danaged wire ropes 5 using the rope
tester 20, show ng val ues of the peak voltage Vp neasured using the rope
tester 20 (anmplified by 6,000 tinmes). Fig. 12 is a graph drawn based on the
test results showmn in Fig. 11, showing the rel ationship between the peak
~voltage Vp (vertical axis) and the defect pass-by position (angle) (to be

described hereinaf ter). LHorizont al ¢ axis) se Fl @ s d3s shows: thegpesit i onal
rel ati onship between the wire rope 5 and the 10rope tester 20. In the table

of Fig. 11, some of | ues_ o eak voltage Vp have no synbol on the
upper right t“h‘erevg“fr,€E g?%ghé;vist]\%\%igﬁqr%bls (**) on the upper right thereof,

and the other have one synbol (*¥) on the upper right thereof.. The val ues
with two symbols (**) 15 %%aﬁ%t?%%n?%e oectirr gonrcen%% Hbndriatity is to
be notified (step 51) in the determ nation processing according to the
MQmiHm(H@§t@$WH®$q%@%ﬁ%&ﬁﬁﬂ@%@%%%ﬁ4*f%ﬁ%d&ethm at

| east attention is to be called (step 50) in the determ nation processing
20 accordibfng to thelfallgor ivdmh Thetags uds W t9dl syrbor kel eatda

determ nation that there is no abnormality. In this test, four wire

ropes 5 havi np. 4he(%t rict uve” ofit 8x5e 19)) descidibede abdvee andi ae dv anetler of
10nm were used arranged in parallel w Sh each other wi.tn a space of 25 3mm
bet ween adj acestiwisge£Opesy Socdhe testhawasiteiedpe 5. In this case,
the controller 9 outputs a determination output bit of 3
and accordingly the monitoring system 11 notifies, with a
10 red warning light, warning sound, etc., that the wire rope
5 is damaged (step 51). When it is notified that the wire
rope 5 is damaged, a minute inspection for identifying
which one of the multiple wire ropes 5 is damaged is to be
performed in general.
15 If the peak voltage Vp is equal to or higher than
0.6V but lower than 1.4V (“YES” at step 47), the number of
voltage values (peaks) within the range of 0.6V £ Vp <
1.4V 1s next counted within the length of one pitch of the
strands 5B (data range corresponding to one pitch) (see
20 Figs. 6 and 7), and then it is determined whether the
number 1s one or more (steps 48 and 49). This determines
whether or not damages of relatively low seriousness occur
concentrically in one portion.

If the number of voltage values within the range

25 equal to or higher than 0.6V but lower than 1.4V 1s one

DO
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several, tinmes after all of the four wire roves S had been denmagnetized in
advance. Figs. 11 and 12 show i nspection data acquired not in the first
trial (in which the wire ropes 5 passed by the rope tester 20 for the f st
time 5 after demagneti zation) but in the second trial w_.hout

demagneti zation. This is for the reason that through the several trials,
the data acquired in the second and following trials had only a snal

di vergence berueen, the, trdals, but,ldhe datia agquised dd thefd gl trial

differed 10 significantly fromthe data acquired in the second and

followng trials, | ”oﬁc%%tsreﬁagg_ﬂ% foldowing trigls,, d iy@rfﬁeopae.s 3 had

resi dual nmagnetism because ad been nagneti zed in the previous
trial (s) and mer%inagngtized intotal, with the residual magnetism and the

magnet i sm duri’hd L5 tHeGrialc fHe degriee ( ragiitude) ot THE WHghat i zat i on

during the trial was adjusted so that the residual magneti smand the

3

magnet i sm durdH@PUthe it il i hatCunderyda saftrdted daghet i 24t on in
total. The wire ropes 5 were each prepared by twi sting 20 nultipe strands
5E) as mehti dited eiove, e and threstirandgsl 58 Wegtel edch prapar e by tWist'i ng
multiple elenment wires. I'The wire ropes 5 are likely to be danaged in the
outer-|ayer etensrp WY esidScstamngdithe el ement wires constituting the
strands 58. In the neasuring Lest, 25firstly, a specific one of the fourre

ropes 5 (excludi ngit he:d warend rones) was iseirested and wardous valdeer s of
breaks were made purposely within one pitch of the outer-Ilayer el enent

wires Sc of qpeof, the el gite stdands: SR, cansiid Mtd g, theswi ke ropees, and
then the four 5 wire ropes 5 including that with the broken outer-|ayer
than 1.4V is two or more within the length of one pitch,

10 the damages might be of relatively low seriousness but may
occur concentrically in one portion. In this case, the
controller 9 outputs a determination output bit of 3 and
observers are informed of the abnormality with a red
warning light, warning sound, etc., as 1s the case where

15 the peak voltage Vp is equal to or higher than 1.4V (“Two
or more’” at step 49 and step 51).

The above-described algorithm uses the first
threshold voltage of 0.2V for determination of whether or
not the rope tester 20 (sensor coils 26L, 26R) 1s in an

20 abnormal state, the second threshold voltage of 0.6V for
determination of whether or not the wire rope 5 is
damaged, and the third threshold voltage of 1.4V for two-
level determination of the seriousness of the damage.

These three threshold voltages were obtained through a

25 test, the details of which will hereinafter be described.



el ement wires Sc were passed by the rope tester 20. In the table of
Fig. 11, the nunber of breaks within one pitch of the outer-|ayer el enent
wires Sc is shown in the colum ' Nunber of breaks". However, the undernost
10 "One strand” shows results of a test in which one strand 5B incl udi ng
Liot only the outer-layer elenent wires 5c but also the inner-|ayer el enent
wires 5b and the core wire 5a was entirely broken. For exanple, the nunber

of breaks "One in the, 15 €lenent Mmides's eans that aspecifd cistdand 53
constituting a specific one of the two wire ropes 5 between the two end

ones of the four, p@&g&%e%-@:;m@g@ﬁe%ﬁ?er@@sé P ¥@s select ed, and. ong. br eak
ne prtcn o -1 a t

was made within © an outer yer eJenment wire Scconstituting

20t he strand 5B. : eferring now to Fig. 13, the auto | ayer, el enent
wires be can ec%ﬁ%@oY?i%Qﬁ?hY%q?%?%%r?§p%g?n?iSh%r %%ee?%%é% %?res: ones
in contact with onlg,the outer layer element wires Sc adjacent on both
sides in the same! strand 2558 0¢i F3%F p- ellerfent! wires %Jr‘?ﬁl al’sd'i n cont act

with the outer-layer element wires be in The‘adﬁacent strands 36. and
(iii) bed>5el ewettd wr eshe ohest | FeeohtactRaVEhi70 he- f i berskorenGAL N The
crown, nip and bed ones of even the outer-layer elenment wires Sc included
in the sane st¢hndi&8shavebetetenrespeptakevditdeeerip dvstances tovithe rope
tester 20 (sensor coils 261,, 26k). In the neasuring test, secondly, not
only the nunberg of hbreakscbubaabsoythesposoti oangfepr eakspbéndeberibed

outer-layer elenment wires 5¢c was nmade different.
hereinafter) (horizontal axis). Fig. 13 shows the
positional relationship between the wire rope 5 and the

10 rope tester 20. In the table of Fig. 11, some of the
values of the peak voltage Vp have no symbol on the upper
right thereof, some have two symbols (**) on the upper
right thereof, and the other have one symbol (*) on the
upper right thereof. The values with two symbols (**)

15 indicate that the occurrence of abnormality is to be
notified (step 51) in the determination processing
according to the algorithm (Figs. 8 to 10). The values
with one symbol (*) indicate that at least attention 1s to
be called (step 50) in the determination processing

20 according to the algorithm. The values with no symbol
indicate a determination that there is no abnormality.

In this test, four wire ropes 5 having the structure
of 8xs8 (19) described above and a diameter of 10mm were
used arranged in parallel with each other with a space of

25 3mm between adjacent wire ropes 5. The test was tried
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10Referring to Fig. 11, the colum "Type of breaks" indjcates which of the
bed elenent wires, the nip elenent wires and the crown el enent wres was
broken. For exanple, the nunber of breaks "One in the elenment wires" shows
test results for the three types of breaks "Bed wire 15 bre I/ "Nip wire
break” and "Crown wire break". This nmeans that one break occurs, which is a
common condition, within one pitch of a "bed", "nip", or "crown"

outer-layer elgnent; wie Sc eflrther, since the rope tester 20,4 guoyi ded
only 200n on?esi e of the v%\ire rope SO(see Fi gs. f, 2 %ﬁ% 13), when the

wre rope 5 wlh g dreak nasses hy.dhe fope hestely 20, e alaselce break

to the rope testet € higher e péak voltage becones, e nore
distant the break fromthe rope tester. 20, the |ower the peak 25 voltage
becones. Hendétd rfct%e”r?e@gsriﬁ' ng’ test, Fthi T dryiat \tAﬁen a‘ﬂb]u(ﬂ?a?t‘p%svf]trieon of
the break with respect to the rope tester 20 was al so made_different.
Referring to FREAP RIHESTERY vidE coiftfuct e For2 Ui ftereit tasds wHdt e the
positional relationship between the rope tester 20 and the break in the
W re ropebs5 wdst aefderethint didferentoEhgul arhpossedohst bfe D, Wi4510090, 135,
and 180 degrees (corresponding to the above-described "defect pass-by
posi tion (angle)dgnethertel ¢h defhee nears 1t hate trire shmeak ats télrosgst the t he
rope tester 20 and 180 degrees neans that 10 the break is nost distant from
the rope test®fve2Q1 trials, the data acquired in the second and
following trials had only a small divergence between the
trials, but the data acquired in the first trial differed
10 significantly from the data acquired in the second and
following trials. In the second and following trials, the
wire ropes 5 had residual magnetism because they had been
magnetized in the previous trial(s) and were magnetized in
total with the residual magnetism and the magnetism during
15 the trial. The degree (magnitude) of the magnetization
during the trial was adjusted so that the residual
magnetism and the magnetism during the trial did not
undergo a saturated magnetization in total.
The wire ropes 5 were each prepared by twisting
20 multiple strands 5B as mentioned above, and the strands 5B
were each prepared by twisting multiple element wires.
The wire ropes 5 are likely to be damaged in the outer-
layer element wires 5c among the element wires

constituting the strands 5B. In the measuring test,

25 firstly, a specific one of the four wire ropes 5
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In the table of Fig. 11, voltage values (stationary voltage val ues) that
m ght be due to a strand noi se as nentioned above are further shown in the
colum "Noise (V)". 15Referring to the table of Fig. 11, the strand noise-
caused voltage values are 0.3 to 0.4V in all the test results. This is why
the first threshold voltage for determ nation of whether or not the rope
tester 20 (sensor coils 26L, 26R) is in an abnormal state was set to 0.2V.

20 The st rand&&%%%&ﬁ% measued vokd agess cam hardhy.be equabydo or
| ower than 0.2V and, when a peak voltage equal to or lower than the first

threshol d vol t age 0-2V.1s, onl ' RO Y erm n : tipened
above t hat tH@gggﬁggf%%ﬁ%?éiﬁg?giﬁggﬂﬂ%%sgg*%%i%fydg%fgf%sgﬁ%aghﬁgga nor ma
state (step 43). . Referring to.the table of Flo. 11 and the graph
of Fro 1o fabe st BT HoL PHORE POStT T st The Peaiebof Lot Bebomes. hioh
at the defect pass-by position of 0 degree (the break is closest to_the
rope Lester 20)ranghiied tHepenk! Vol age® betofesCRow astthel det et paest by
posi tion approaches 180 degrees (the nore distant the break fromthe rope
tester 20p, fwrre heosased t ypel of itantlyes. wikht bee defeetn passe by posTti on of
180 degrees, where the sensitivity is |owest, no peak voltage equal to or
hi gher 10 t hanl &\t i 6l showhc exeeptpdosed hey numberopd beeaks 20One strand”.
At the defect pass-by position of 180 degrees, a peak voltage Vp of 1.311,
whi ch is higher tham the segond dhreshol o votiageuaie 0.6V, bisalshowrtHiar t he
entirely broken strand 58, and therefore attention is to be called 15(see

steps 49 and §0) .pitch of Alnd heydefectypassrbyeposition of 135sdegrees, the
peat voltage Vp for the entirely broken strand 5B is higher than the third

th hol d | f [ i f t
reshol d vo g@g%{s@%g&wg& gg)cwgﬁge 0 é{ecﬁgig{gﬂa ﬂﬂ%’ ddherefore to

be notified (See and At the pass-)y position of 135

10 “One strand” shows results of a test in which one strand
5B including not only the outer-layer element wires 5c but
also the inner-layer element wires 5b and the core wire ba
was entirely broken.

For example, the number of breaks “One in the

15 element wires” means that a specific strand 5B
constituting a specific one of the two wire ropes 5
between the two end ones of the four parallel-arranged
wire ropes 5 was selected and one break was made within
one pitch of an outer-layer element wire 5c constituting

20 the strand 5B.

Referring now to Fig. 13, the outer-layer element
wires 5c can be categorized into three types: (i) crown
element wires: ones in contact with only the outer-layer
element wires 5c¢ adjacent on both sides in the same strand

25 5B; (1i) nip element wires: ones also in contact with the

29



degrees, a peak voltage Vp of 0.6V or higher is shown for the cases of
"Seven in the elenent wires and Ctown wire break.", "Three in the el enent
wires and Crown wire break"”, and "Two in the elenent wires and Crown wre
break”, and 23 therefore attention is to be call ed. At the defect
pass-by bositlon of 90 degrees, attention is to be called also for the case
of "Four in the elenment wires and N p wire break". At the defect

pass-by position. of, 45 degrees,: a,Peak yol tage,Vp. i ghere thapthe 4hird
t hreshold voltage of 1.4V is shown not only for the one strand broken but

al so for the cases. of, "Seven i e nt wires and wn, wi re, break' and
"Three in the el efr*eln]t’ v&??%s&ae%\rge@?m#%g?eé%%\%a%, and%tﬁe %ccurrence of
abnormality itsi t her ef ore5}t\o ;ITSq be notified. At,the, defect Pass- b)@posi tion

of 45 degreest it entionds t0DE A ed Furthel For the dases of e in
the element wires and CGrown wire break", "Two in (%h_e el ement wires and Bed
wire break”, TwRriiEYHe o GHENt WTe3s And N PUURT et br Ak S RAC EFWS i n t he
element 15 wires and Crown wire break". At the defect pass-by
position &f (CRldyree, tiotr at¢emiohvealli Jfengnbull abmordal Fe yE ot i¢84¢ ng i s
to be performed for the cases of "Four in the elenment wires and Bed wire
break"” and "Foitgtéen ihe(stementcoiles2@nd NeR) 20vir & Her erld'surAlitchoggh /.t he
sensitivity at the defect pass-by

secondly, not only the number of breaks but also the

position of breaks in the outer-layer element wires 5c was

made different.

10 Referring to Fig. 11, the column “Type of breaks”
indicates which of the bed element wires, the nip element
wires and the crown element wires was broken. For
example, the number of breaks “One in the element wires”
shows test results for the three types of breaks “Bed wire

15 Dbreak”, “Nip wire break” and “Crown wire break”. This
means that one break occurs, which is a common condition,
within one pitch of a “pbed”, “nip”, or “crown” outer-layer
element wire 5c.

Further, since the rope tester 20 is provided only

20 on one side of the wire rope 5 (see Figs. 1, 2 and 13),
when the wire rope 5 with a break passes by the rope
tester 20, the closer the break to the rope tester 20, the
higher the peak voltage becomes, while the more distant

the break from the rope tester 20, the lower the peak

25 voltage becomes. Hence, in the measuring test, thirdly,
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position of 180 degrees is sonewhat |low, attention calling and abnormality
notifying can be perforned relatively successfully by setting the second
threshol d voltage for 25 determi nation of whether or not the wire rope 5 is
damaged to 0.6V and the third threshold voltage for two-I|eve

determ nation of the seriousness of the damage to 1.4V. wlt be
understood that the first, second, and third threshold voltages are nerely

illusLru lye, jand that. 5 5&@&%}%@4@ i -0r - def erpm ni ng whet her, or - not  the

wire rope 51is danagedlnay e I ncreased by lowering the second threshold

vol tage, and the nunber of cases where. ity i.fying is performed
Lesgzebzg/ Owas aL% em%che %?fﬁ@ro&q@ Ref%(}y A@' T%FlFSd.}S).. 1f

may be i ncrease weri ng Prd reshol d vol tage.” . 4 and
13, “Show ng reCul (S b s ST HITAT 1 oh BT (he! C368" WhE &) OFe- FosliFs 20 are
provi ded not on one side but on both sides of the wire rope 5 as shown in
Fig. 16. ThusPPiidvididg Thed t ) Tioe IS W@kt eF 38 200h % & HrefnetV pit® i Wef t he
wire rope 5 fromboth sides allows the sensitivity at the defect pass-by
posi tion fror@kkt olrl8thdegreesr @@ be Vaeréaseded Ref ed ¥ § hgr ¢t FRgouiar
providing the rope testers 20 on both sides of the wire rope 5 causes the
i requency of @atien ioh Calddnge(see3d heasynbdl aneatest notifying
(corresponding to the above-described “defect pass-by
position (angle)”), where 0 degree means that the break is
closest to the rope tester 20 and 180 degrees means that

10 the break 1s most distant from the rope tester 20.

In the table of Fig. 11, voltage values (stationary
voltage values) that might be due to a strand noise as
mentioned above are further shown in the column “Noise
(V).

15 Referring to the table of Fig. 11, the strand noise-
caused voltage values are 0.3 to 0.4V in all the test
results. This is why the first threshold voltage for
determination of whether or not the rope tester 20 (sensor
coils 26L, 26R) 1s in an abnormal state was set to 0.2V.

20 The strand noise-caused measured voltages can hardly be
equal to or lower than 0.2V and, when a peak voltage equal
to or lower than the first threshold voltage of 0.2V 1is
only acqguired, it is determined as mentioned above that

the rope tester 20 (sensor coils 26L, 26R) 1s in an

25 abnormal state (step 43).



(sec the synbol k*) to increase conpared to the case where the rope tester
20 is provided only on one side of the wire rope 5. In the case of thus
provi ding the rooe testers 20 on both sides of the wire rope 5, the second
25 and Lhird threshold voltages may be set dicicrently from the case where
the rope tester 20 is provided on one side. Fig. 17 is a
cross-sectional view, corresponding to Fig. 4, of a rope tester 20A

according to anot h%{e%ﬁ)&qﬂmi nHNe JoRe dester. 20A did fels Jrom tde rope

5 tester 20 shown in g in at the both longitudinal end portions of

t he sensor surfac sensor ils 26l,, 26R I . COl i i m
Fig. 17) are %H%V2%£Upﬁﬁ?da% %%gra H@éﬁﬁFgggo%%%QPT%b %%%ﬁ&%%géégg 3¢
supporting the sensor cails 26L, 26 | so has _raised portipons formed 10 on
the both ends®tH&reoflion at th?fgﬁﬁégEH???%§%Xd?%sﬁ?fﬁ%ep o@rQegree
paral l el -arranged wire ropes 5 (spacing between the wire ropes 5) is
greater than tHee wieRdk ofS aCHpvove Th Eeheave et the ot st ®'and/ or
the defl ector sheave 7 (see Fig. 1), the surfaces 15 of the two end ones of
the four Wi resopeso Btage bectomeont@ctawi tihe t hef shieaves arley ded$ et @d
outward and thereby conme into tight contact wwth the sheave to be danmaged
nore accel er aigetyadihan 1he devwreesai thagnere edi opast Sthd her dot hi eord
portions of the sensor surface (sensor coils 26L, 20 26R) of the rope
tester 20A arg d huspeuryedet o be, | aberahe t oatbecypo ¢ espeeidye. end sirgde

ones of the four wire ropes

defect pass-by position of 180 degrees, where the
sensitivity is lowest, no peak voltage equal to or higher

10  than 0.6V i1s shown except for the number of breaks “One
strand”. At the defect pass-by position of 180 degrees, a
peak voltage Vp of 1.3V, which is higher than the second
threshold voltage of 0.6V, is shown for the entirely
broken strand 5B, and therefore attention is to be called

15 (see steps 49 and 50).

At the defect pass-by position of 135 degrees, the
peak voltage Vp for the entirely broken strand 5B is
higher than the third threshold voltage of 1.4V. The
occurrence of abnormality is therefore to be notified (sece

20 steps 47 and 51). At the defect pass-by position of 135
degrees, a peak voltage Vp of 0.6V or higher is shown for
the cases of “Seven in the element wires and Crown wire
break”, “Three in the element wires and Crown wire break”,

and “Two in the element wires and Crown wire break”, and

25 therefore attention is to be called.
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whi ch can Inc-ease the sensitivity of damage sensing for the two end side
wre ropes 5. C AlIMs: A W re rope inspeorion aopatatus conprising
a sensor device provided along a passage through which a plurality of wire
ropes arranged in parallel with each other travel 5 and adapted to sense a
| eakage magnetic flux |l eaking fromthe wire ropes that have been

magneti zed, wherein the sensor device includes a sensor surface forned in a

pl ane and having a.ength greater,than fhe entile W dh Qf the plurality of
paral |l el -arranged wre ropes, 10 and wherein upon sensing of the

| eakage magNeL| & 11, Lhe Se050L, SULL ace, Of i e pensol. dgvice,i s i sposed

parallel to a plane by the plurality of par ei -arranged wre
ropes to be in line coq;act mﬁth(&hf, lurality of,1.5 wire ropes and across
the entire width OoftHe plurat ity o lggavﬁaﬁ éIt%Ffanged wire ropes. 2.The

W re rope inspection apparatus according to claim1l, further conprising a
nmovement mechani sm*fort IFoASE T SE1d0r RISV [den viblerel ifegrees, a peak

5 wvoltage Vp higher than the third threshold voltage of 1.4V
is shown not only for the one strand broken but also for
the cases of “Seven in the element wires and Crown wire
break” and “Three in the element wires and Crown wire
break”, and the occurrence of abnormality is therefore to

10 be notified. At the defect pass-by position of 45
degrees, attention is to be called further for the cases
of “One in the element wires and Crown wire break”, “Two
in the element wires and Bed wire break”, “Two in the
element wires and Nip wire break”, and “Two in the element

15 wires and Crown wire break”.

At the defect pass-by position of 0 degree, not
attention calling but abnormality notifying is to be
performed for the cases of “Four in the element wires and
Bed wire break” and “Four in the element wires and Nip

20 wire break”.

Although the sensitivity at the defect pass-by
position of 180 degrees is somewhat low, attention calling
and abnormality notifying can be performed relatively
successfully by setting the second threshold voltage for

25 determination of whether or not the wire rope 5 is damaged
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20t he novenent mechanismis arranged to, upon sensing of the |eakage
magnetic flux, nake the sensor: devace close to the wire ropes to bring the
sensor surface into line contact with the wire ropes and, off sensing of
The | eakage magnetic flux, nove the sensor device away from 25the wire
ropes. 3. The wire rope inspection apparatus according to claim 2,
wherei n the novenent nechani smincludes a rotary nmechanismfor rotating the

sensor device., @ g The, W6 rape. d NSPecti on appar atdisraccofding,do any 5
one of clainms 1 to 3, wherein the both |ongitudinal end portions of the

pl anar _sensor Syl ace, af.s, i ved: 10 11e, SAe. di £ ectd on, and. upon sgnsi ng of

t he | eakage nagnetic ux ongi t udi ends of the sensor surface

are lateral to the two respective end sj ire ropes .anong 10 the |
plurality of paral IItetI A %‘aﬁ)geed*%erresq?ooop%g&ﬂ&t* eJPW e Lso%ceor}dﬂspaenc(%i on
apparatus according to any one of clains 1 to 4, wherein the sensort,devi ce

i ncl udes a sensord coiTesiyrl et P thed Fedkage: Yragnets - ¢ Hu%e angta that
magneti zer for magnetizing the plurality of wire ropes. 15 6. The wire rope
"inspecti 6n apparstiust becordi fgr tée et @nm 519 fwike Wee L conpresi MyC twor e fir st
and second, sensor coils arranged separately in parallel wth each other,
wherei n the spact Ny betdwengportavnse ofntheasedpect ivecfingtthe second
threshold voltage, and the number of cases where
abnormality notifying is performed may be increased by
lowering the third threshold voltage.
10 Figs. 14 and 15 show a table and a graph
corresponding to those shown in Figs. 11 and 12, showing
results of a simulation of the case where rope testers 20
are provided not on one side but on both sides of the wire
rope 5 as shown in Fig. 16. Thus providing the two rope
15 testers 20 in a manner putting the wire rope 5 from both
sides allows the sensitivity at the defect pass-by
position from 90 to 180 degrees to be increased.
Referring to Fig. 14, providing the rope testers 20 on
both sides of the wire rope 5 causes the frequency of
20 attention calling (see the symbol *) and alert notifying
(see the symbol **) to increase compared to the case where
the rope tester 20 is provided only on one side of the
wire rope 5. In the case of thus providing the rope

testers 20 on both sides of the wire rope 5, the second

25 and third threshold voltages may be set differently from
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20 and second sensor coils through which the | eakage nagnetic flux passes
is the integral nultiple of the distance between adjacent ones of a
plurality of strands constituting the wire Lopes. A wire rope
damage deter nation apparatus 25conprising: inspection data receivfng
means for receiving an input of voltage data according to the magnitude of
a | eakage magnetic flux | eaking froma nmagnetized wire rope, said voltage

data being output. froma senspr soll arovlded: & al ong, oy assaoed heough

whi ch one or nore wire ropes travo pted to generate an

el ectronotive force,.cau by the |eakage . neti.c. flux; .
vol t age detecting Egéﬁs Qﬂﬁf%é%égﬁ%%;%?E%%gﬁﬁﬁnxkﬁ4h3§“¥§ﬁﬁ?%%ﬁﬁ%hfhe

vol tage data received by the 10 inspection data receiving neans,

first deternihithg A’msa%}s) 5 orro%eet%ﬁsrﬁ% et Her oY n'ot ?rﬂ%”h%&i num vol t age
val ue detected by the peak voltage detecting neans is equal to or greater
than a first ¥HEEHEIE valllie, ramg 156t 2@%[ EFMbTatS g Fat@SodOptt ti ng
means for outputting first determ nation data to be used at |east for

cal | i ng abt entéorer f2¢ hehdvwr stn dét@er i nihgt imeansh el b el hess tthatinde

maxi mum vol t age val ue equal to or greater than the first threshold value is
recorded in tded portions of the sensor surface (sensor coils 26L, 26R;

only the coil 26L is shown in Fig.1l7) are curved upward

(toward the wire ropes 5). The coil base 23 supporting

the sensor coils 26L, 26R also has raised portions formed
10 on the both ends thereof.

If the entire width of the four parallel-arranged
wire ropes 5 (spacing between the wire ropes 5) is greater
than the width of a groove in a sheave used in the hoist 6
and/or the deflector sheave 7 (see Fig. 1), the surfaces

15 of the two end ones of the four wire ropes 5 to be in
contact with the sheave are deflected outward and thereby
come into tight contact with the sheave to be damaged more
acceleratedly than the two remaining wire ropes 5. The
both end portions of the sensor surface (sensor coils 26L,

20 26R) of the rope tester 20A are thus curved to be lateral
to the two respective end side ones of the four wire ropes
5, which can increase the sensitivity of damage sensing

for the two end side wire ropes 5.
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20vol tage data. 8. The wire rope damage determ nati on apparatus according to
claim?7, further conprising: second determ ni ng neans for

determ ni ng whet her or not the maxi num vol tage val ue detected by the peak
vol tage 25 detecting nmeans is equal to or greater than a second threshold
value that is greater than the first threshold val ue; and second
determ nation data outputting neans for outputting second determ nation
data to be used fypr. calling alert it the second determ ning neans
dete.rmines that the maxi mum vol tage value equal to O greater than the

second threshol d val ye is recor. e%éc’{itogue a\ép taf)&gi%aﬁdﬂ%og”p%gi e W re rope

damage det er ninati on apparatus accordin S further conprising
third determ ning nmeans for dﬂe]'i erom' ni n% vvheét hﬁ{a or not.. acplyrgﬂdta)/ jof
separate vol tHge VallUes &kl =19 bre grest e t Han  tHe ¥itst ¢ Hrestold Yal ue
and smaller than the second threshold value exist within a datagan e
corr espondi ngt o' oife Pirch A5 B9 phurkd 13y oF BtraneRCeonstt uﬁ&h‘&]he
wire rope if the first determ ning neans and the second detern ning means
det er m ne 5t hatnd hedambddnire vt sges vt alee§s ertiadt 1@ bkuygrbatermg 1t he
first threshold value and smaller than the second threshold vafue, wherein
20t he second idet erimaatdos datat owtputibeary meanst ized, wherein
the sensor device includes a sensor surface formed
in a plane and having a length greater than the entire
width of the plurality of parallel-arranged wire ropes,
10 and wherein
upon sensing of the leakage magnetic flux, the
sensor surface of the sensor device 1s disposed parallel
to a plane defined by the plurality of parallel-arranged
wire ropes to be in line contact with the plurality of
15 wire ropes and across the entire width of the plurality of
parallel-arranged wire ropes.
2. The wire rope inspection apparatus according to
claim 1, further comprising a movement mechanism for
moving the sensor device, wherein
20 the movement mechanism is arranged to, upon sensing
of the leakage magnetic flux, make the sensor device close
to the wire ropes to bring the sensor surface into line
contact with the wire ropes and, off sensing of the

leakage magnetic flux, move the sensor device away from

25 the wire ropes.
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adapted to output second determ nation data to be used for calling alert
also if the third determ ning neans determnes teat a pluma rry of voltage
val ues euuaU to or greate t.an the first threshold vague and small er than
25 the second threshold value exist within the data range corresponding to
one pitch. 10.The wire rope damage determ nati on apparatus according to
claim?7, further conprising: fourth determ ning neans for determ ning

whet her or nof the Hpxium voltage xalye drs sl dierd ha @ thidd dhreshol d
value that is smaller than the first threshol'd val ue; and Third

det i nat i dat tputti. t ' ' ' d
For ot i1yl n ThAL A H0 GRME QoL CT I patt O GOOar af s, 1201 17 o Gbor mal

state if the foqp&h degerniniQ%:nean%hdeternine that the maxi num vol tage
value i s smalTe T han’ tHe tHi T o tHf esHol VAl ue”®V1<he wire rope damage

determ nati on apparatus according to any one of clainms 7 to 10, further
conpri si ng . The wire rope 1nspection apparatus according to any

5 one of claims 1 to 3, wherein the both longitudinal end
portions of the planar sensor surface are curved in the
same direction and, upon sensing of the leakage magnetic
flux, the both longitudinal ends of the sensor surface are
lateral to the two respective end side wire ropes among

10  the plurality of parallel-arranged wire ropes.

5. The wire rope inspection apparatus according to any
one of claims 1 to 4, wherein the sensor device includes a
sensor coil for sensing the leakage magnetic flux and a
magnetizer for magnetizing the plurality of wire ropes.

15 6. The wire rope inspection apparatus according to
claim -5, further comprising two, first and second, sensor
coils arranged separately in parallel with each other,
wherein

the spacing between portions of the respective first

20 and second sensor coils through which the leakage magnetic
flux passes i1s the integral multiple of the distance
between adjacent ones of a plurality of strands
constituting the wire ropes.

7. A wire rope damage determination apparatus

25 comprising:
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15 a transm ssion device fortransmtting the determnation data externally
t hrough a network. 12. A conputer-readable wire rope damage determ nation
program adapted to control a conputer to: receive an input of voltage data
according to the 20 nagnitude of a | eakage magnetic flux |l eaking froma
magneti zed wire rope, said vol Lago data being output froma sensor coi
provi ded al ong a passage through which one or nore wire ropes travel and

adapted to generat e an&lacts ommt] ve-doree caused: by he. Leakage Jmgnet i c

flux; 25detect a nmaxi num vol tage val ue using the received vol.:age data;

det er m ne whet her or ﬁres eé@Ctggch&qg%lﬁ ‘% % rs%ﬂy 4L S, gqé,lal to or

f
greater than amfl rs(f and determ nati on data

to be used at east for |ling attention if_ 'f& is determ ned that the
mexi mum vol t agfe” § v%%é"%%‘h@a 09]0 * greater? thar " the"¢ 7St thY e$hot o VaTue is

recorded in the vol tage data. 13, The wire rope damage determ nation
program accordiHg 10 t0 | &t 122 18 Ur e U adapted® t TNt r P t et CoHpRA er

to:
5 along a passage through which one or more wire ropes

travel and adapted to generate an electromotive force
caused by the leakage magnetic flux;
peak voltage detecting means for detecting a maximum
voltage value using the voltage data received by the
10 inspection data receiving means;
first determining means for determining whether or
not the maximum voltage value detected by the peak voltage
detecting means 1s equal to or greater than a first
threshold value; and
15 first determination data outputting means for
outputting first determination data to be used at least
for calling attention if the first determining means
determines that the maximum voltage value egual to or
greater than the first threshold value is recorded in the
20 voltage data.
8. The wire rope damage determination apparatus
according to claim 7, further comprising:
second determining means for determining whether or
not the maximum voltage value detected by the peak voltage

25 detecting means 1s equal to or greater than a second
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determ ne whether or not the maxi mum voltage value is equal to or greater
than a second threshold value that is greater than the first threshold

val ue; and output second deternmination data to be used for 15 calling alert
if it is determned that the nmaxi num voltage val ue equal to or greater than
the second threshold value Is recorded in the voltage data. 14. The wre
rope damage determ nafion program according to claim 13, further adapted to

cont.rol the conpulery 40 20det.er mae whather. or, nate & pluralid tae0f o
separate vol tage val ues equal Lo or greater than the first threshold val ue

and small er than the %pcond threshol d value exist within a data range
. Vo iue an .. . . . . .
correspondlngé%o one pitch of strands constiiuting the wire rope if it is

determ ned 25 that the maxjne voltage val ue is equal, to or greater than
e T EE % PELTora

the first threshol &SV& e “ahd "Emar % e d'% hfFe d*val ue; and

out put second determ nation data to be used for calling alert also if it is

det er mi ned t KAERA HIGYRISRGPISE & Aot de Wl UES dualPe 6@ gr¥at er than
the first
5 calling alert if the second determining means determines

that the maximum voltage value equal to or greater than
the second threshold value is recorded in the voltage
data.
9. The wire rope damage determination apparatus

10 according to claim 8, further comprising third determining
means for determining whether or not a plurality of
separate voltage values equal to or greater than the first
threshold value and smaller than the second threshold
value exist within a data range corresponding to one pitch

15 of a plurality of strands constituting the wire rope if
the first determining means and the second determining
means determine that the maximum voltage value is equal to
or greater than the first threshold value and smaller than
the second threshold value, wherein

20 the second determination data outputting means is
adapted to output second determination data to be used for
calling alert also if the third determining means
determines that a plurality of voltage values equal to or
greater than the first threshold value and smaller than

25 the second threshold value exist within the data range
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t hreshol d value and smaller than the second threshold value exist within
the data range corresponding to one pitch. 15. The wire rope damage
determ nati on program according 10 to claim 12, further adapted to control

t he conputer to: det ermi ne whet her or not the maxi mum vol tage val ue
is smaller than a third threshold value that is smaller than the first
t hreshol d val ue; and output third determ nation data to be used for

notifying that,thesdetermnation. apparatus is in an abnormal state if it is
determ ned that the maxi num voltage vaiue is snmaller than the third

t hreshol d valy@. 16, Awicrog%cg chag?%{;\eblfge%ﬁ%%%,ﬁ%gﬂg@&g ding a

program accordi ng to any one O ‘AW re rope damage
det ermi nati on_ et hgd ada(Fte to J(:onj,rol a_conputer.conprising the steps of:
recei ving an THpltof9 vl t age afa accordl ng td' t he fragni tude of a |ea age
magnetic flux |leaking froma magneti zed wire rope, said voltage data output
froma 25 sensor coi tUigriovided Aoy d"gassager 14 ught Whi ¢ h ' ghe or ©nor e

wire ropes travel and adapted to generate an el ectronotive force caused by
the | eakage naghetie mixiuum voltage value is smaller than a third

threshold value that is smaller than the first threshold
value; and
third determination data outputting means for
outputting third determination data for notifying that the
10 damage determination apparatus is in an abnormal state if
the fourth determining means determines that the maximum
voltage value is smaller than the third threshold wvalue.
1. The wire rope damage determination apparatus
according to any one of claims 7 to 10, further comprising
15 a transmission device for transmitting the determination
data externally through a network.
12. A computer-readable wire rope damage determination
program adapted to control a computer to:
receive an input of voltage data according to the
20 magnitude of a leakage magnetic flux leaking from a
magnetized wire rope, said volfage data bheing output from
a sensor coll provided along a passage through which one
or more wire ropes travel and adapted to generate an
electromotive force caused by the leakage magnetic flux;

25 detect a maximum voltage value using the received
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detecting a maxi num vol tage val ue using the received voltage data;
determ ni ng whether or not the detected nmaxi mum voltage value is equal to
or greater than a first threshold val ue; and outputting first

determ nation data to be used at least for calling attention if it is
determ ned that the 10 maxi num vol tage val ue equal to or greater than the
first threshold value is recorded in the voltage data. The wire rope
damage det er ginatiQn yxethod according to claim 17, further adapted to
control the conputer conprising the steps of: 15deterni ni ng whether or not

the detected maximim.yoltage yalue i g equal (o 'ét%rc%%tde'fnagjq?n%ma second

threshold value that is greater than the first threshold val ue; and

outputting second determ natjon data to be used far, 20 calling: alert if it
is deternm neaotqﬁftget ﬁ’@%?aexi%r%o\?oaﬁtgt Ralis Biial T

e Vvalue “equal qﬂ?(ﬁ greater than the
second threshold value is recorded in the voltage data. 19. The wire rope
damage det er &SGR etHod /acédr di ng to claim 18, further adapted
to control the conputer 25 conprising the steps of: determ ni ng
whet her oP not a plutalitt y 166 ts egdeatra ngdlitagearal Ges bequalect ¢ torl egiséat er
than the first

for calling attention if it is determined that the maximum

voltage value equal to or greater than the first threshold
value is recorded in the voltage data.
13. The wire rope damage determination program according
10 to claim 12, further adapted to control the computer to:
determine whether or not the maximum voltage value
is equal to or greater than a second threshold value that
is greater than the first threshold value; and
output second determination data to be used for
15 calling alert if it is determined that the maximum voltage
value equal to or greater than the second threshold value
is recorded in the voltage data.
14. The wire rope damage determination program according
to claim 13, further adapted to control the computer to:
20 determine whether or not a plurality of separate
voltage values equal to or greater tThan the first
threshold value and smaller than the second threshold
value exist within a data range corresponding to one pitch
of strands constituting the wire rope if it 1s determined

25 that the maximum voltage value is egual to or greater than
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t hreshol d val ue and smaller than the second threshold value cxi st within a
data range corresponding to one pitch 5 of strands constituting the wire
rope if it is determ ned that the maxi mum voltage value is equal to or
greater than the first threshold value and snaller than the second

t hreshol d val ue; and outputting second determ nation data to be used for 10
calling alert also if it is determned that a plurality of voltage val ues
equal to or 9{@@@&&@%%@%&1&%1héec%hgl dnyat ue and,sprller-than the
second threshol d val ue eX|st within the data range corresponding to one
pitch. 15 20. T e ¥ﬂ£fdr9£ qgg determ nati on nethod according to claim

17, further adapted to cont f ol e conputer conprising the steps of:
determ ni ng whether_ or not the imum vol tage valu snaller t han a
third threshol d val%t%fatsﬁ%o%?nrg te?rW?Wa%“t%%?u ST hreshol & val ue:
and outputting third determ nation data to he uso.d for notifyi

ng
that the detef®thbit? on' @ppatatts'ts'tnlandabfiofmafstate ffPiErsity of

determ ned that the maxi num voltage value is snmaller than the third
t hreshol d Sval el tage values equal to or greater than the first

threshold value and smaller than the second threshold
value exist within the data range corresponding to one
pitch.
15. The wire rope damage determination program according
10 to claim 12, further adapted to control the computer to:
determine whether or not the maximum voltage value
is smaller than a third threshold value that is smaller
than the first threshold value; and
output third determination data to be used for
15 notifying that the determination apparatus is in an
abnormal state if it is determined that the maximum
voltage value is smaller than the third threshold value.
16. A computer-readable recording medium recording a
program according to any one of claims 12 to 15.
20 17. A wire rope damage determination method adapted to
control a computer comprising the steps of:
receiving an input of voltage data according to the
magnitude of a leakage magnetic flux leaking from a
magnetized wire rope, said voltage data output from a

25 sensor coil provided along a passage through which one or
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15

20

25

more wire ropes travel and adapted to generate an
electromotive force caused by the leakage magnetic flux;

detecting a maximum voltage value using the received
voltage data;

determining whether or not the detected maximum
voltage value 1is equal to or greater than a first
threshold wvalue; and

outputting first determination data to be used at
least for calling attention if it is determined that the
maximum voltage value equal to or greater than the first
threshold value is recorded in the voltage data.
18. The wire rope damage determination method according
to claim 17, further adapted to control the computer
comprising the steps of:

determining whether or not the detected maximum
voltage value is equal to or greater than a second
threshold value that is greater than the first threshold
value; and

outputting second determination data to be used for
calling alert if it is determined that the maximum voltage
value equal to or greater than the second threshold value
is recorded in the voltage data.
19. The wire rope damage determination method according
to claim 18, further adapted to control the computer

comprising the steps of:
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15

20

determining whether or not a plurality of separate
voltage values equal to or greater than the first
threshold value and smaller than the second threshold
value exist within a data range corresponding to one pitch
of strands constituting the wire rope if it is determined
that the maximum voltage value is equal to or greater than
the first threshold value and smaller than the second
threshold value; and

outputting second determination data to be used for
calling alert also if it is determined that a plurality of
voltage values equal to or greater than the first
threshold value and smaller than the second threshold
value exist within the data range corresponding to one
pitch.
20. The wire rope damage determination method according
to claim 17, further adapted to control the computer
comprising the steps of:

determining whether or not the maximum voltage value
is smaller than a third threshold wvalue that is'smaller

than the first threshold value; and
notifying that the determination apparatus 1s 1in an

abnormal state i1f it 1s determined that the maximum

voltage value is smaller than the third threshold value.
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