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Bevice for detecting the discarding state of » Mghestronpth fhre rops duving vse on o Hiftiag gesr

The present bvention relutes gencrally to ifing gear such 48 ¢ranes which use Mghestrength fiber ropes instead
of stee] ropee. T this vegpect, the inversion in partioniar relates to an spparatus for cognizing the diseard stare
of a high-strength fiber rope in use at such hifting gear compriving 2 detection device for cietect?tég at foast one
rope pavameter as well @ comprising an evaluation snit for evsluating the rope paramster and Hir providing &

diseard signal in depeadenve o the rope paransersr evaluation

¥ is known Fom docusnent US2003/0052695 to inspect the residual strength and readiness for roplacement of
avasid fiber vables by wn dcoustic wave measurement wherstn the cable v exposed to avoustic waves, the fransit
time of the scoustic waves through the cable is messured, and the residual sirength is determined fom the
greasured fransit thoe. Bt is fectheroore kaoven oo doswment IP2003/18%1 57 I savople 2 steel rope having s

shosthing by meaneof & sepsing soller to-deterroing surface tevegulanities due to the wear of the rope sheath

I rocont timaes, tials have been made with cranes o was highestrength fiber ropes awvde Bom vynthetle Sbes
sach as gramid Shors {HPMA), avamidicarbor fiber wivtares, hgh-madales polvethylens fhery GIMPEY of
pady{p-phonylene-2,S-benzobizoxazole) fhors (PR} instvad of the proven stvel ropes ased for many yeass. The
advantage of such high-strength fiber ropes is their low weight. Such high-strength fiber ropes are considerally
lighter than corvesponding steel vopes at the same rope diameters and the ssme or higher tensily strength. T
purticular with high cranes with comespondingly farge rope fengths, & greater weight ssving is ey gohisved
which enters fito the deadowaight loud of the wane and results in corvespondingly higher pavioads with an

otherwise unchanged vonstrsetion design of'the orane.

A disadvantaguous privpeety of such bighectrength Sbor ropes &, however, Sl break hehavior or thelr fafhas
without substantiad, longer preliminary signs, Whereas the wear is clomrly visihle o stest ropes snd sigmls a
fathare wver @ longer peviod i advance, For exmmple by the breakage of lndividual wisel wins and 2

-

sorrespanding splaying which s caaily noticed, Righ-strength Hher ropes show handly any sgns of exgessive
wear which would be easily pevecivable for the eye and which would show themselves clesely over @ loager
periad before the soteal fudlers, In this respect, intellipent moniioring measures are reguired to recopniss fhe

discard state of Righ-strength Sber ropes in time.

As apparats 8 knows fom DE 199 58 285 Bd Hr monitotiog the operation of hoiq winches on cranss which
moniters the rops forre of the holst rope and the bver arm of the hodst fope on the rope wingh and deternines
therefrom the Tvad appllostivns acting on the mope wineh which sre stored I o oad spectram Countsr, Ths toad
speciram counter s integrated inte the holst wineh fo matatain the bistory of the hoist winch retraceabdy on &
removal and relastallation of the holst winch, A bvasd spestram coenter B furthermwrs kangws fron EP 8 749 934
A2 which determines the load changes which svcgr, determines the rope fovce asting on the boist winch at sack
foad change, calouiates the load spectram therefrom and calondates and displays the remalning servios fife o the
hoist winch while considering the sosalled Withler papves
Such moenitoring measures of the holst winch can, howaver, not really reliably give the remaining service ik or
the diseand state ol s Mghestrength fber rope stnee the highestrangth fiber ropes ave subject to & varisty of steaing
awd bopaioments which intheence the weae aud whikh are ndependent of the winch straln, for fnstancs e the

deflection snd bending strafns at pullsy blocks, sxternst blows and bufts on thy rope, swraes contamination of



cormiponants contacting the rope, sic. Un the other hand, inflexible service B standards for high-strength Tiber
ropes are practically lnsompatible with respect 1o evonomic wtitization of the actuel servive life and shsorvation
of the meuired safety sinoe the servive 1k and wear of the high-strength 8ber rope oan fluctuate strongly in

dependenve on the conditions of use snd on the extermal influences on the high-strength Bber rope.

Starting Fom this, § ¥ the underlving obisct of the present fnvention to provide an improved appasatus for
determining e discard stste of high-strength fiber ropes which avoids disadvantages of the prior art and further
developd the latter i wn advaniigeous munner. & reliable, precise determinaticn of the discand staty should
proferably be achieved which sconomically utitizes the remaiving service Hie of the fiber wope without putting
safiety «t risk and manages for this purposs with simple detection devices which siso operste reliably under

SHfical conditions of use Ry comtruetion wachioery.

This ohiect is achieved 1o accordance sith the nvention by an apparstis i sevcrdance with clabn 1, Proforeed

smbodinente of the invention are the nhject of the dependent alalms.

o aocordiove with the pressnt inventice, ¥t le proposed 1o monttor & change o the transverse comprossive
stiffens or i the rope cross-section and o oo ¥ ay oan wdivator for the discard state, The detegtion device Ry
detacting rope changes can iy partioular have tramsverse compressive stiffhess determination means sudfor cross-
sevtivosl deteemination muane & determining the ansverss compressive stiffnesy or the rope vepsseseotion,
whersin the svalustion unit wonitors the wansverse conpressive atiffness or the dewrmingd rope cross-setion

for chonges and praddes o discard signal 85 seceysary.

It can be shown o long-torm tesds of Kigh-strength fiher ropes thatas the strein and the number of bending cyeles
fncrease, the tansverse compressive stiffness changes in a charseleristic mamner, fn particulsr shows an inoresse:

The degree of changing ransverse compraessive stiffioss can therefors alvo be wxnd in an advantageous manner
for fixing e thue of the discard. In this regpect, an Increase in the transverse Smnpmssive stiffoess can ke
secompanied by @ reducdon in the rope diamster. The rope can be given o higher bending stiffress wodior 8
permavent, sessurable vops lengthening can fake plass A dependenve of the change «f the fmusverse
cornpressive stiffireas on e change of the rope dlameter can i particalir by detected, wherein in particular an
ncresse i the trangverse compressive stiffness van be detected in dependenge ow & rope diameter reducing v
stre, Altevnstively or additionally, a dependency of the dhmnge of the repe withhess o the chatge o the o
length can be detenmined, wherein in particidar an inorsase in fhe rope suiifiess in dependence on an invreass in

3.

the rvope fongth can be deternsined, The outpat of the diesrd signal can iy this respest genendly talie plave in

dependency on e monitored andverse compressive stiffhess o on e rage crossseation. Howseer, & wom

previse deternsination of the discard state <oy advantageously take plave by the akioy Wto accoant of the

2

3

different rops paramerers.

The transeerse comprossive stiffess of S rope van o this respeet generadiy he determined in various wanners:
In an advantagewus further development of the ovention, the calouisted date from the drum diamster, wope
dlamster, rope specification and teastle fHree can be used as the baals for the messurement or the nwasurement
provess e he vontrolled In dependence ow the nxmed caloulated data from the drum diameter, rope dismeter,

rope specification aad tensile force and the cotresponding messurement paramsters oan Be sot. The ranaverse
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crmpresaive stifftess can in pasticolir be carvied out whils act’ing an the rope with 2 predefined tensile load,
whevein the predefined tenaile foad van advantagecusly be selected v the range of actually oscurring tensile
Ioads in e operation of G {Ring gowr v sccordance with #s nfended use. Phenomens of damage or faligue of
the vope can be Jdeternrined batie by the determination of the transverse compressive Siffness under a fensile

load of the mp

{2 further development of the jnvention, one rope portion or a pharality of rope portions can be actied on by &
sespective predefived fransverse foree, can dn partinsdar be clamped, for determining the tramsverse compressive
sitffhess, wherein the change in the diameter andior the shange o the crosssection of the rope iare detested or
determined which ivfare adepted vrder the transverse fores, In this respers, with & predefined tansvetss forse,
thy change i cross-section or diameter which s adopted can be measured andior altsrnatively the tratsverse
Toree required for schieving 2 predefined change In cross-aection andior dlameter tan be measwred. Ahematively
o additionally, varying wansverse forces can be spplied sad the chunge v cross-section or diameter adopted
dependence on the varying transverse foros can be determined and/or aliseatively she tranaverse forces reguired

for the schioving of different changes in cross-section or dlametersan be measured,

In an advantageous fwther development of the Invention, the vope cin be wroduced for derermining iy
tramsverse compressive ctiffhess butwesn two mubually oppositely disposed clamping fawe whisk can
advantageousty exch bave 8 rape grocve and can be clarsped by the clamping jaws I that ey ars moved towand

one another by 3 suitable adjuctment spparaius.

1n this regpect, the rope cross-section can gensrslly be detectad tn difforent manners. Advantageously, the named
rope sss-section defermination means can comprise diameter dotestion means for detecting the rope dametey
i ot deast twe different planes sod determins the rope cross-sectional grez from e named tw deteemined rope
diamsters. Such w detestivn of & rope portion or of 3 plurality of rope portions in a plurality of planes can abo be
provided in the afresald determination of the tnwsverse compressive wtiffoess, for example such that the
respeotive rope portion vchimped simdianeonaly or seguentially by'a ;ai&era-‘;iiy of clamping jow pairs wiich sre
positioned associcted with one another in differdnt planes. I weunld admittedly generally also be conostvable in
determine o derive the rope cross-sectional area from only one rope diameter which wae deterrained i one
plane. Advantageausly, however, the rope cross-seetion of the rope crossaectional ares i determined from two
rype diameters which were determingd in difforont planss standing approgimately pevpendicular to ooe auother
stce hereby shanges andler deformations iy crass-section unharmiul for fhe srength of the fiker rope can be
tabien into aooount and prenvatere wear assumptions can be avolded. High-strength fider sopes show ovalizing
sross-septional changes under transverss bads such as can ovcwr, for example, 8 rope wmilers or at the vape
winehy, Le. the oross-sestion which is eireular per se in the arting state fs changed toward a sestion pressed fat,
witich i per se ot yet harmfid for the durability o strength of the fiber rope. I8, however, the vope cross-section
shanges such that the cross-sectional area reduves, this Is advantageonsly considered as a sign for incipient wear,
The evalgation devics oan in particular provide x discarg signal when the rope cross-seetion shows 8 prodefined

tapering or i a reduction in size of the rope cross-sectional avea excoeds a prodetined messurs.
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The diaxeter detrmination van in this respect take place in difforent manners. For example, an opticel savpling
by smeans of Nght radiation snd an assoclated sensor for deteeting the shadow width could be provided, In an
advantageons further development of the invention, however, a mechanical sampling of the rope takes plage
froxn oppositely disposed sides to determing the rope dinmeter. &t Jeast one shestivally preloadable clamping
ISEns pair can profierably be provided, preforsbly in the form of rope yollers which can be pressed against the
rope or clamping jaws baving rope grooves with which a distance measarement \nit is sssociated Yo measure the

distance of the clamping means Hom ons dnothey in the state spplied 1o the rons.
PEE D \

In an advantagesus Burther development of the nvention, the bransverse compressive siiffness determination and
fhe rope croassection deternyination or diameter determination van be carried out by the same clamping means
palr or by the same clamping means pairs 3o that measuring times can be saved and different clamps can be
avoided. For example, 3 pure determination of diameter or cross-section can take plase under sufficiently small
franeverse pressing foroes which can then be increased to cavey out the messwrement of the transverse

comaprensies kiffuess

By order oot fo tmpalr the dameter determination by deflections of the rope, the named sampling means can be
soovably suspended so that they can pactivipaty in rope movements, io partionlar transverse TOpS IMoveMments, in
the state applied 1o the rope. The aforesaid preloadable clanplng mcaiis in the form of rope rollers san in
particular be moved relative o one sbother, on the one hand, and transyersely andfor paraifel to the longitudinal
rope divection together, on the other hand, to be able 1o detrmios the rope diameter sxactly sven with unwanted

rope deflectines.

The mpy areasurement advantageousty takes place i at least two planes to be abie to climinate deviations of the
rope cross-section from the ciroular shape on the deternination of the sross-sectivaal area. For this purposs, for
example, two rope roller pains or clamping jaws can be provided which are arranged in planes perpendicuiar to

e smther and can each be elasticstly clampsed againgt one ancther,

In acvordance with an advantageous aspect of the prosent invention, i Is further proposed not to rely wn 3 single
critevion iy the determination of the discasd state, bt rather to svoid the problems of the advance signe which
can taly be detected with difficulty in that differsnt velovant parameters of the Sber rope are monitorsd for
changes and the diveand state i determined oo o greater change of s individust paranieter or on & plovality of
seosller changss of 2 phueality of parermeters. In particulur, the detection devise of the spparates Tor recngaizing
the discard state comprises 3 plurality of differently configured detection means for & magnetic, mechanical,
optical sndine elecionic detection of & pharality of different rupe pavameters which can bs evaluated by the
evaluation wnit individually sadior in combination with one another for recognizing the discard state. The use of
different rope parameters such v the named tansverse sompressive stiffnesy and cross-sectional change oy,
shernatively or addidfonally thersto, » mpe lengthening and magretic rope propertiss or other mechasical,
optical andior electronic rope pacameters for the determination of the discard state is hased on the consideration
that depending on the wrain and on the effents on the fber rope it way from case to case be a different parameter
which displays the rope wear or signals the dissard state or the discard state may also wot display tsait by an

setually larger change of only 3 siugle parameter, but rather by soraller chaoges of » phuraity of parameters,
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8 further developmentof the hovention, the nwmed evaduation it i configured such that a discurd signal s
provided when &t loast anie of the detceted ropy paramisters o ity change sxcesds/falls belok o associated fimit
vartor dnd alve when an ndivect rope parametsr oy iy chuange derived from at detested rope parameters oF from 4

subgroap of the detected rope pasameters exceedsTlls below an associated Hmit value,

by o farthey development of the yvention, the named evaluation ynit Is configured such that ot only s phorslity
of rope paramelers per se are dutected and sxanvined for respestive changes of are compared with Howdt values,
bt aivy dopondencins hetween the plarality of rops porameters are teken inte sconunt. For example, permiited
changes andfor peomitied okt valoes for o sope parameter van be hifted or changed when a Hifovont sope
parameter has andergone 3 predefined change. In pastioudar more complex phenomens. of fatigus or damage cw
horehy be detected and the discard state veoogmizedt f & 5, for example, assumed that an inorease B the
frangverse compressive sitffness Is acconpanied by s decresse In the mpe.diameter, the ol value for the rope
dinmeter can be Joweved andior the Jesired range for the peemitted rope diomter can be devreased on the
detection. of an Increasnd transvnesy compressive stiffess by the evaluation upit. I te messurement then
deteymines that the rope dameter falls helow the fowered vope diameter fimit value andior draps out of the
reduosd Jesived range, 2 discaed signdd can be cutput. b x siimtler manney, alternstively or additionslly hetety,
further dependonciss betwesn the most varfed rope pardntetes can by taken bto socciay By the evalaativn auit,
for example the sforesaid dependency between the rope stifiness and the rope lengthening, tor sxample siach
that, on & higher hending stiffness, an inorossing rope length is expocted sod 5 taken into accotnt by

sovresponding lindt values,

in 2 further development of the Invention, sddithmatly 1o the named trangverse comprassive suiffhess or cross-
sectional srea or sross-sestional shape, different other rope prrameters can be used. In socordance with 2 further
axpect of the prosent Invention, 8 changs of an lndivator section which is embedded i the Sher rope and whick
semprises 3 ditferent material than S rope fhers is mowitored B this respeet in an sdvaniigsons maaner. The
change in the Sbors or fiber eivands of the fiber rope Meelfl whick an ondy detected with difficulty, con be
bypassad by means of sach an indicsior section which cair be sinbedded in the core of the strand or which e
atso be arvanged between the fber strands of the fiber rops, in partiodar whes the indicate ssetion I selctad
with regpect b its configunation andisr With reapent 1o e faateriad such that the indicator seetion shows changes
fastior than the fiber strands of the fiber rope and/or such changes ¢an b detected mors sasily. The monBoring of
sl 2t hudivatay gection i the iber vope Can in iy respeet alse bring wlong special sdvantages wby par se
withsat monitoring futher paramsters.

The indicator section can in paticoler comprite & smateriad; proforably 2 metallic continenus section, which
nthuences & mygnetic Held andlor I3 magneticstly conductive andior magnstizalle. The detection means are in
this respect advantagevasty configured ag operating magnedeatly, wherein in particidar 2 magnstic field sense
can be provided by weans of which the magretk properties of the naved tndicatey section can e dotormined,
The magoetic propenties of the lndicator seation in panticulsr change on & braak of the indivator ssotion su that a

porrespunding change of the magnetic flux or of the wagoetie Held can be detested easily and can be miifized w8 2
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wear indioator. It a break of the magnetically conductive indicator seetion takes place, ¥ can heresognized by a

magsetically indective mowdtoring or it can be detected by g corresponding interruption of the magnetic fiedd

Alvematively or sdditionally to auch 2 magnetically opersting confiuation of the indicator section and of the
axsoviated detection means, changes in the naned fndivaror seetion can aptivually alee be manitored differsntly
and ofer moaitoring privciples can also de used. For axample, the ndivaier section san be sonfigwred as
clecitically combustive and the slestrival condustivity of the {iber rope or of the indicator section provided
therelt can be monitured bsing correspondingly configured detection means. Alternatively or addifonally, a
wrermnad condetivily of the samed fndicator section could alse be monitored, wherein here the indicator section

is adhaniageowly configarad from o material having good thermal conductivity, for example from a silver wive,

The pxmed Indioxtor sextion whivh is cmbedded 1o the fiber rope and whivh comprises a iffrent materiat than
the vops fibery & advaniageousty configured wesher than the 8ber rope with respect to its vesistance capability
tovwand rope stealng, streteh, tenion, bending, torsion, UV-mdiation, watey sheorption andior temperstre such
that the indicator section il considerably faster than the Sher rope or its fiber strands. 1 is hereby eusured that
s changs in the indicator scetion can be determined in time before = fadlure of the fiber rope ovones. A break of
the named indioxtor scetion does aat yet have aoy teal offoct on the sirength of the fiber vope i, bt com Be

deterrained sacily and can be detevted i thne before theovaarence of the fattare o the rope.

fn o further development of the invention, the detection devics monitors in which rope portion 2 rope change
pemgre wiich s used o detenmine the discard stars 10 be able o ety the worn oy denuged rope portion ad
opticnaily © be able to cordinu W use the remuining rope, for example in that the denaged part &8 removed. I 5
further development of the nvention, detection mesns for the rope path andfor rope position, which determing
the vope puth covered or the position of the rope portion monitored for changes wam be assoctated whth the
sforasald detection mesns. The samed detections rosans for the rope path and/or sope position can in partinular
detect a mope wingh position which is prosent when the rops pottion  be examined fr change Iv just in the
region of te comresponding detecting devior and s aotually belng menilered for changes. B b then possitle in
the evaleation deviee t caleulate back from the named rope winch position which vope portion fs damaged or

WQTH,

In accondance with a farther advantageons aspect of the present fvvention, slematively or addiionally w the
oamed magastically inductive monitoring of an embedded Indicator section, v lengthening of the fiber rops san
also be monitored and wsed for deermining the diseard state. The monitoring of the fenwthening of the fber rops
starts from the condideration that an lncreasing weir oF oy damage to'the fiber sope or the appreaching towand the
discand state o accompunied by 2 lengthening of the fiber rope with respect to By origioad state su that the
monitoring of the lewthening of the fber rape can be wsed 25 an indicator for the discsrd state. The detection
devics pan fue this padpose Have detsorination msans for determining the lengthening of the fiber sops, whersin
the svaluation bait comparay the determuned lenwthening with a permatted rdomm lengthening. As som as the
fengthening sxcesds 3 predefived measure, the discard state can be indicated.

Various procedures can be followed in this respest in fhe detorminntion of the lengthening. In & fest operating

mude, the lengthendag of the sobstantially wdole loaded rope or rope pontion can i partiontar be deterained and
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raonitored. Alternatively or additionally, in 8 second sperating mode, the lengthening of the fiber rope can be

sxarnined portion-wise a3 to whether and to what extent predefined portions of the fher rope longthen

In secardance with an advantageous embodiment of the invention, the determination means for determining the
lengthening can have @ position sensor for detecting the position of a predefined rope portion as well 58 8 rope
wineh position senser for detecting the winch position adepted on the traveling to the predefined rope pusiting,
The pamred position senaor can, for-axampls, detect when @ upper switel-off point for the kad ook s reached

sadéor when s signaler applisd to the rope, for example tn the foron of & mark, veaches 3 predefined site along the

rope path. The vope winch position ssrenr detexts the rope winch position pressnt at fils muewent or on the
rraching of the ramed pasition se that the evaleation wnit can determine the rops lengthening from a change fn
the winch position adopted. I the winch position doviztes W far from # desited position on reaching the
pradefined position of the predefined rope point, the discard state can be aamed or a discard signal can be

Sy

Alternatively or additionaily, the Gber rope can be provided with a pheslity of signalers distributed over s
tength, for example in the form of marks, tranvponders, signal veflectors or the Hike, and con thas be divided into
a phuality of length portons. The detennination means for determining e rope Tengthening determine the

istanwe of two respective signalers from whish the svalustion unit can determive the kogth of the
sorrespording rope portions wnd can monitor it for changes. If lngthening phesameny tkee place in one oy mave
rope portions which, Individeslly or viewed in suwy go beyond a vespective Hmip valus for the permitted

lengthening, the evaluation unit can output o disvard signal.

I a ferther develnpment of the bvventlon, the named detection device can In this respeet be configured much that
& messring device, for example an electronic veaswring devics, detets the passing or ocourause of the named
signater a1 & speeific point along the rops path and measeres the length distance up t the next signaler with &
- praferbly constant rope speed. The rope length can herehy be split or divided inty suy desived number of
measurement points and o any desired rope portions so that the course of strewching of the rops can be
deternined over the total rops length and it can be svaluated in the evaluation device in which tope seutivn the
fimit value wag reached and the rope has to be discarded or, i possible, hay to be shortened by the discrd

sagion, 1o, the oversirsiched rope reglion.

The sxamination for lengthening is advantagenusly carrind ot ander predefinsd conditiony, i partinglar 2
predefined rope foad, for example by aitaching = test load, to clindnate sy varizese of the test remdis die &

varying conditions.

In accordance with an advantageous further developaent of the invention, the load spectrum acting on the rops
can als be used for the determinaticn of the discard state of the Hiver rope, i particalar the tonsile Ioad ant g on
the rope and the bending eycles acting oo the mpe. A load spectriny vounter oo be ¢ orovided for this purpose
which detects at least the tensile rope stress and the numbey of bending cyeles 38 the load spectrum act ing on the
fiber vope, The determination and evaluation of the named wmewsured duta ia possible via sarresponding
determination means or detestion means or senvers whose measured data are provessed sod evaloated in the

evaluation devies. A doad sonsor can in partivatar detect the ongoing Suds of the rope vin the operating Hoe of
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the wpe. A rotary suweder on the dnwn of the wpe winch can determine the rope Tengih which i stralned tn
determing the bendiog cyeles. The load data and the data on the rope path and o0 the bending tyvles tan be
finked o one another iy the evaluation device to determive 2 load spectnm which cun be comparsd with
predefived permitted maximum loud spectrivn, I the number of the masimum pecinitted load spectium is

reached, the valustion unit can outpul 8 corresponding discard signal,

It is generally possible tomaky use of difforent analytival approaches i the caleulatory determination of the tnagd
sprotra avting on e mpe In this respret, the considerativn forms the Mavting point of drawing & conchusion an
differcat degress of daonage wn the basts of & calenloted scoumulation of domage i different load spectry and of
staring theny in the eostrol system. With o speeific presetting of Toad chonges R is then heveby possible to make 2
conchision by caloudation on the rope daroage hereby arfsing, whereln a lngdl vabue can be fixed which slfows an

ecstimate of the diveard state.

For exemple, 2 counting process can be used by the svaluation of the load spectra which wovur, whersln the
soplitude of the Joads which oceur sw, e exampls, be prosented via thelr e freguency, Since in the normsl
vagn the fber rope Is not oudy subject to an svevreairing equsl foad with s constant amplitede, tut iy also
subject to a load which changes in amount, the load spectum resulting fn practive can, for sxample, be divided
e stepped fo individuad rectangular speoira with o respective constant oad sad a partial bad oycle eriterion, Far
exarnple, in socordance with the method known per ss of linear damage secumnsdation, 2 pwtis! damsge cso now
be onfoulated for every partind spestrnan in that the partial Toad eycle criterion s divided by the naximum bvad
syele criterfon which can be tolerated. The partial damage of ol partial speoira which thus resulls o be
sununed snd be used as an indication of the total damage of the fiber rope. This approach of Hnesr damuge
secumdation can also be modified in various manaers in 3 manner Hiewise known per 5o, for exanple such tha
partial spects whose lead amplitndes are below the fong-term strengh Hmit are not taken into acvount oy axe

ouly taken o agctiayt in 8 fimied manner,

in g tuvther development of the invention, the monitoring of the aforessid changes in the fiber rope, in partivalar
the magnetic shange of sn indicator section, the change in the rope lengthening anlior the change in the rops
dampeter oan ke place by & comparison of fhe correspondingly detected «r determined pamameters with
previously detectsd or determined parmmeters. The corresponding veference valses for the comasponding
parsmeters, in partionlar the magnetic conductivity o propenty of the indicstor sectien, the ordglost rope length
or thy repe cross-gactional ared can in particukr take place in a reforence detection mods with x new or will
aninpaired fher rape, for example in that the previcusly described procedires are worked theaugh vsfog a test
welght on the putting dnto cperation of the coane and the parameters deternsined in this process are stored i a
reforenpe valne memory. In the fuether operatien of the crane or lifting gear, the named parameters sre then
maonitored continunusty or cyclivally ind are comparad with the initially dured reference values for thes, I one
ar more of the named parameter shows a deviatfonr with respect to the vomesponding reference valug which
exceeds 2 pormitted amount of deviation, the svaluation device can provide 3 discard sigoal. Alntnatively or
additionally, the named evaluation devies can sl provide the disosrd signal when ademisiedly nons of the samed

parametery Individunily exeseds #s peomitted change threshedd valune or Jeviation threshold valee, but the
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parametars show oo great a deviation from the sum of the reference vatues when viewed fn sum, If) & example,
all determined pavamsters reask 90% of the permitted deviation from the referenve valhie, zach value would stilf
be pemitied vivwed individually; nevertheless, the discard siate can be indicated sface not anly doe parameter,

but ratherall parameters, have almost reached thelr permitied chunge Hmits.

The nvention will be explained In move detal! in the Hllowing with respect t¢ 3 preferred crabodiment and o

associated drawings, There are shown in the drawings:

Fig. 1 a schematic veprosentation of Hitng gear Iy scowrdanos with the invention in the fwem of 8
revolving tower crane iy accordance with an advantageons embodiment of the tnvention whose
foist rope andfor whose guy ropes for the laffidble boom van be configursd as fber ropes;

Fig. 2 & schematic vepresentation of & revelving tower vrane imilar to Fig. | in a nodified embodiment
in sopordance with which the bodst rope doss not ran over the tp of o keffable hoom, bt rather
over 2 trolley movable along the hoony;

Py 3 a schematic vepresentation of the detection means for the magnstically fnductive monitoring of
changes of an indicator sectivn embedded into the fiber rope;

Fig. & u schematic representation of the detection means for detesting @ lengthening of the Sber tope; and

fig. 5 w acheroatic yepresentation of the detction moans for detesting evoss-sectional changss in the fber

PR,

Fig. 1 shows by way of sxample for lilling grar W accondance with an advastagesus smbodiment of the
invention a crane in the form of a revalving tower crane 28 which revidves at the top d whose ower 21 i
supported o & carriage or ot a stationasy base. A boom 23 §s pivotably connected o the tower 21 i luitible
manner sbont & horkzontal axds in & manner keown per se and I8 guyed via a guying rope arrsngement 24, The
named guying rope arrangerent 24 can be varled o Bty length via & guying rope wineh 25 so that the working
angle of die boom 23 can be changed. Por this prpose, & guy rope 26 rons onto the named guving epe wingh
25, The guy rope 28 orthe guying vope armngement 24 i guided at a pivet point at the boom 23 slose to the ip

of the boom 23 wi, for exaraple, puley blocks 27 at the shovwn gay e 5U or a tower i,

As Fig. 2 shows, the revelving tower orane 2¢ can naterally alse be provided with a trolley bosm. The rovolving
tower erane 20 which likewise revelves at the top and whose tower 21 18 suchored 1o the base 23 provided with
ballast hue v boows 23 whisk is bovizontal In the operating poaition, which js in particulac aligned horizontally
and which is guyed via guying tensioning means, for example {n the form of maving bars §2, ot the tower Hp 8,

wherein the counter-boor 33 provided with hallast fs also guyed via guying teosioning means 34 at the named
tower Sip 1. A wrolley 5% s movably supported at the aforexaid boom 23, wherein the named trofley 53 can be

smaved by meany of @ troliey rope, for example, wiich can be guided at the boom tp vis pulley blocks,

The revalving tower crane furthermore crmprises & hoist rops 28 which By the drawn embadiment in accordsnce
with Fig. § can be et down from the Up of the bosar via putley dlocks at the boom tipand ie there conseoted t &

crane hook 29 or, in the embodiment in scowrdancy with Fig, 2, can run ofF vin the said niovable troliey 33 and

R,
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the pulley books provided there and van b2 vonoscted to the orane hook 39, The named hoist rope 28 in both
cases runy onto & holst wingh 30 which, ike e guy rope wingd 35 of the embodiment in scccrdance with Fig. 1,

¥

is arranged in the region of the hallast frame or in another suppont part at the counter-boom 83,

The named hoist rape 28 andlor the guy rope 26 can fn this rospect be configured as z fiber rope which can

corrgpeise synthetic Shers such:as aremid fibers ov un aramidicarhon fiber mixture.

To be shie o monktor o detoot parameters of Se named fiber rope relovant to the dbvoaed stale, 3 detection
devies T iy provided which can be artsnged ot the orane and which, together with an evaluation devies 3 which

svafuates the detscted parameters, can by connected to or Intented tothe dlocronic cruny control wnlt 31

As Figures 3 ~ § show, the named detection device 2 & thiy respect advanagsously comprises different detaction
meass o detect different purameters of the fider rope 1 in different manners, fn secordance with Fig 3, the
ramed detection device 3 can comprise magnetically oporating detection menss 2a which detset changes in an
indivater ssction 4 wiich & eothedded v the fiber rope 1 and which §s configured as magnetivally condactive or
as influenciog 3 magnete feld or xe magnetizable and which osn alse be incorporated in the rope. For sxample,
the named indicator section 4 can be srranged In the core fn the strand v thevebetwnan, wherstn the smned
indicator secvton 4 car ool weocnadly have any destred crosessetional shapes and can advantagemsly be
provided with a round cross~ssetion, The named jadicstor section 4 can In particuler be formed from a metallic
sontinuous matedal such ag » wire, whersin the indicator sectios 4 fs sdvanisgeonsly constituted such that it is
configared go less roafstand with respest to rope loady, strelching, tenchon, bending, torsfon, lemperature aud
sther relevant properties than the Sbery of the foer rope 1 or the fher wpe | Hosll s that the indicstor sesthon 4

fails before o fiibore of the Bber rope 1 oscuss.

The named magnstic detection means 2a, whizh can inchule & magnetic Beld sensor, for example, dstect the
changes in 8 magnetic feld which acts v the natned indicator ssction 4 or 16 gensrated by & A hreak of the
namhed ndivator seotion 4w this regpedt i partisulue resuite in changey i the named magoetic fiedd 32 g0 that »
scnchusion can be drawn from the deteotion of the cotresponding charanteristic magnetic §eld change ont 3 break

ofthe indicator section 4 and froo this i tuim on the discard e of the fhermope L

To be able to determine o owhish region of the Sbher tape 1 the break of the indicutor section 4 voours, 3 rope
path peasurement van by awsociated with the detection devive 2 or 8y wagnetic detection means Za and i
sffected By sultabde rope path dotection means &, Ky oxenpls tn that & rowstiiasd posiion sensor T associated
with the roperwineh, of Fig 4, ndivates the sotationad positicn o the rope-winch or fn that padition sensors 8, ¢kl
Fig. 4, detect rosrked rope scotions st g spectlic position at wiich the saved magsetic dutection means 2a repeg
she defecy site. The evaluation Qevive 3 van dotormine sxaatly whete e defot site way defergiined from the
knowsr position of the detection means Ja. The requived dwe peried for discarding the Sber rope § B
advarstageously displayed, 2. on the monftor of the craoe contral on the bash of 2 sl revaloing residual
service il of the Moh-strength Sber rope. ¥ discard does not tedie place tn the et time, the svane control vy 31

can antonvadically deacibeate the vease for safely rencons.
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As Fig. 4 shows, the aforesald detection device 2 furthernmors advantagesusly somprises detection mesns 25 for
deternining & longthening of the fiber rope 1 ocourring gradually in vpsration. in this respect, & specific position
can be traveled to by the fiber rope 1, for sxample by o divect traveling to the upper switch-nff paint &t which the
toad hook 25 has reached the highest possible pasition snd which can be detested, for exaniple, by & Rmit switeh
or by another position sewsor 6, I the named position seoser & rsports to the detection means Th thet the
predetined rope position hus been reached, the position of the rope wineh i detected or determined by 2 wupe
winch position sensor 7. Tids measurement i first carried out on the first puting Into opevation of te crane. i a
diffevont rope winch pesition is adepted on later mensurements when the predefined desired position i traveled
to, the deviation in the rope drum pesition for te taveling to the same rope point Is 3 measure for the
lengthening of the fiker rope | which has ovowrred. The test cycles are preforably carried out using & predefined
foad 2t the load hook 29, for cuample wcing & koows tost foad, so that ne varying comfitions influerse the

measiring precision,

In this method of the detsction of the rope lengthening by meanwring the inoreasing drem revelution up & the
switehe-off polat, it must by ooted that & Is an aversge value of the ropy lengthening. The rops stretehing i
dependent on the load and on the duvation of the load. I 2 bad s moved, e “ralss”, the rope regive which is
not cofled onte the rope doun always bas the full and fongest siradn uatil the load Is removed agaie, The rope
tensfon, and thus alse the streteh load, contihasusly reduces in the rope region which is colled puto the dram.
The stretching of the rope pulside the rope doum will thus extend approximately constant and abways have the
mashnuny strain. I the rope which & cofled onte the drer, the tonsile load which & present reduces
continunusty sace the rope foad on tension reduces fr approximately zero after some winds, The Nost of the
permitted lengthening van be determined fn thic method using & strerch disteibution factor with respect o the

total rope length to obiain & sufficient secarity for the tme of the discard state of the fiber rope 1.

A further method of rope lengthening testing with respect to the disvard state Is based on signalers 8 or indiostors
which cutput signals actively or ivastively. These Indicators are fixedly inteprated nt spproximately sguad
intervals in the rope. A measuring devige, e an elecrricaliclsctronic measuring device, for sxample in the form
of a position sensor §, detests the point of the indivator snd measures the length distance ap to the next indicatos
at w vonstant rops speed, The rope kngth can thes be divided over any desired messirement pofaly and ag
evalustion iy obtained using this method on the siretch extent of the rope over the tolad rope lovpth o ¥ &
meogrized using 8 measuring device Inwhich rope veglon the Hnnlt valus was reached and the rope e discarded

ar, where possible, is shortored by the diseard region, Le. the sverstreiched mpe reging.

The measuring device {8 set on the fint putting Into operation. A predefined Hifting motion is sarvied ut using
the mode e.g. "rope test”, Tn s rospect, frasel s carvied cut at @ constant lifting speed from the lowest pasition
of the toad hook 2% inte the highest position. In this procedure, the distance lengths of the named plarality of
indicaiors 8 are detected and stored. At @ Iatke point In tine, the procedure is repeated sfter 2 carresponding
period of use and the length difference from te fist measurement is calontated and displayed. The measuring
devive forwards the vadies i the crane eontral and to the mesvory modaly; 2 frewarding by remote data tranafer

15 possible by the trane contral o the crane opevator is advised of the state of the rope on the crane mronitor,
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Whaet napermitted streteh Is roached, @ safety mode becnmes antive and i got observad, the waming snd the
switching off of the system takes place aBer 8 pormitied reniaining perind of wse For safety roasons, the wotem

can 8¢ longer be put nte operation I & has been taken out of operstion. The stopping reason is alse displaved on

the wonitor and van alse be acvessed by rewmote duta transmission.

As Fig. 5 shows, the detection device 4 can sdvantageowsly alse comprise detection means 2¢ for deternvining
changes in the rope cross-section andfor In the transvevse compressive stength of the fher rops 1. The named
detection means 20 for this purpose advantagevusly deteet the mpe dlamster or the traneverse compressive
stiffess in at Teast twe planes which can advaniageously stand perpesiivalar 3o oo another i ovder also 1o be
able to deforming the rope srossaectional area from the plorality of rope diameters with changes of the rops
sross-sectiooad shape net harmfiyd per se This b the bockground that higlestrongth fber ropes §tend to
ovalalny b crogs-sention vnder tranaverse loads such as at the pulley Slocks 27 or at the rope winchss 2§ or 3G,
saidd ovalizing per se not yet bringing along any impatoment of the rope strength. Bt doey becoms evitical,

hawwever, when the rope crose-sectional ares reduces,

In the-ermbodiment i atvordanse with Fig. §; the rope diametery wre mechanically sampled for thie purpose in
watually perpendicular plasey wsing claniping means pairs in the form of rope rollers 10 which ave pressed
agaist the surfaoe of the fiber rope | from oppositely disposed sides so that the clsarance butween the slamping

means in the form of the rope roflery 18 is a nieasure for the corresponding rope diameter,

As Fig. 5 shows, the detection means 2¢ are movably supported oversll transverasly to thy fongltudingl directinn
of the mpe so that transverse novements of the fiber rope T have ne effects on fie measerement rosudt. In the
embrodinent deaws, the wial apparates s in this respeet suspended tansversely muvably via 3 pivot fame or a

fevey pivot connection 33, of Fig. &

The measuciog devive advantagesushy has ot legsttwo rollers fnthe oot vegion and two rollvrs In the war iy onve
pane of which the respective fower roller sasily clamps the rope | vis springs 34 sod thus detects the rope
diamster, One of these lowsr sprung rollers 10 has 8 rotary axie and a lever 35 via which the measured rope
diameter iy ransferved 10 2 position seaxr 36 and b thes evahwted. The measuring wnit has further lateval guide
roftors for the wope 50 that the msasuring uell b guided sver the rope and possible rope vibiations buvy no effest
ot the nieasured values, The wisssuring unit 3 pleatally suspended via & Jover au s stesl sonstrustion of the
STRNE i compensgte movements. The rope messurement advaniagsously takes phice offvet by 997 over at feast
e plases of the rope se tiat the rope dismeter is tested over four regions. A further offset jenngement, e.g. for
Six regiong, i possible. The mensurement over 2 - & - &, ¢, regions can be provided sonstructionally i g

rasasuremant unit or by an srangament of 8 phuslity of measurement units.

& forther posstbility arises by use of optical test units which recognize snd-cvaluate s rope dlameter change with
raspeat to the shoumderance. Un s oxoseding or falling below of the permitied dismeter doviation, @ waming

stgal s given and the posithot iy stoved via the dvum spsed seasor 7.

in order aleo to be able precisely o detervine the tamsverse comprassive quiffoess using (e previowsly shown

measurement unit in socordance with Fig. 3, in 8 Buwther develupment of the invsation, an adjnsrosst apparaiss
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can Be associated with the clamping jaws or clumping rollers 10 and 3 variable sadior asfficiently kigh
transverse fores Joad of the rope can be generated using i, Le. the rollers 16 can he pressed trangversely against
the rope with sufficient fores. In thie respest, the respestive apphed frangverse force can advantageausly be
measared by & suitable force measuring devies. The adopted deformation of the rope 1 iv measwred by the
position sensor 38, whershn the- initially sxplained changes of sdiustient foros sndior transverse defaramtion can

be eifected i ope or more meanwement cycles.

I the warning sigral {e not observed, the warning and switeling off of the system advantegeously takes plsce
after # permitted residual time of use. For safety reasons, the systeny can no longer be put inty operation if it has
been taken out of operativer. The stopping reason is also displaved on the moniior and san also be avcessed by

remwte daty ransmission.

Farthermore the named detection device 2 can advantageously alse comprise detection means 24 for detecting
the load spectram acting on the respective fiber rope I, whereln here at least the tonsile load scting oft the wmpe
and the mumber of bending cycles, but advantageousty slso aiher parameters inflnencing the longtorm rength
sch as multilayer coiling, covironmental flucoces, temperature, transverse steaine sad others, can

advaiagsousty be detected hore

Tee determine the nsmed parameters, the named detection means 3d comprise corresponding seneors whose
signaly oocwr in the namad avaluation andt 3. & load senser van in particeler detect the sogolng load vin the
operating thme of the rope. Purthormere, 3 sotary encoder on fhe respestive winch dram csn msasers the ope
length which B straied. In sum, 2 Tead spectrum can be determined fom this, for sxampie By the form of 2
Wahier curvs, which can be compared with a prodefined maximum Joad spestrum for e fiber rope 1. 1 the
muther of the maximnsn permitted load specturs, that & a specific number of hending syoles under the
influvace of a spesiflc load andfor specifie load peaks, Is reashed, 3 warning sadier » setting of a time in which

the rope change has fo take place iv'are camried o,

a setting of & time in which the rope dhangs has 1o take place Bare carsied sub.
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csxvanhssal, UV sogdrzdssal, viefelvstellel dolvagy homsrsékiono! szermbeni eltendlls képessdge tekintetsben

gyengshbre van Nalakitva, mint & mibsadlas ka8l (1) 8 annak szah, oy mddon, hogy az indikstorprofit (4)

tndoemegy, fhént eltorik vagy clszakad, micldt a millaxdlas kié (1) tnkremenne.

1 Az eltad igdoypordek banmelyike szerintl borondeass, ahol az Srzskeld egység {2) dreéhedd eszhiathat 3 i
urtalmez a2 milezdlas kol (1) hosseahboddednak dredhelésdre &5 3 XiSnskald egysfe (31 2 megdliapion
hosszabbodAst egy megengedett maximdlis hussaabbodiasal hasonilfa Buwe, 8% 3 mepsnpedatt manimstia

hosszabbodas tilldpdse esetdn Rivaltia & feselejtendst jolet.

3% Az elded igdnypont szerintl bevendeads, chol az drzékeld esdkiatk (Ih) tartalnanak ey helyzetdraskelst
{6} egy «lfre meghatdrozott helyzethen Jovd oldre meghatirozslt kitdipont deékeldsdre, Hként sgy &lsh
tekaposelds! pont Stzdheidsére a teheremeld horog szdméra, valaming epy kindhoadeit-helyretsraéhelst {7 ax
elfre meghstdeoentt kitélpont-hefyret megkduelitdsdnd! bealls ostrithelyest Srzdieldsdrs, v a kidrickeld o epvsse
(3} oliendral 3 besllo oxtridhelyzer valtuadsit, és akkor, ba a osbridhelyret valtozdss egy oldre meghatdrozott
mdridhet talldp, kivilta o leselojtendst jelet, prmellent az Srzdheld eszkiedk (35} a mitszalas kivslben {1y fedldpd
hosszabbodds dradheldsére slfaytisen annek hossza mentén slosziva 106 jeladdval (§) rendethernck, péddn
Jjeledsek, transaponderek, jolreflekiwrok vagy husonidk Remdidban, valamint wme phatdrond eszitiathkel
rendelkeznek mindenkord ket feladd (3} kozontt tivoladg meghatdrozdoiva, 85 a kidrtskeld spvsdg (3) kidridkel a
smindenkorl ket jeladd (8) kozda megallapiton thvolsigviiinesst és cgy eldre tneghatdrozett tvolvigviltozas
silldpdse ecetdn kivaltia ¢ loselejtenss jolet,

330 Ar olied pdnypontok Wrmelyike soerintl berenderss, shol a2 Sradkeld o eysdy {2} vpy tcherspylittes
szamididval (2d) rendelheaik a mitszalas ke (13 hasd teleregyilites émé#ka?ésér@, amely magdban foghlis &

kst hizd igdéoybevstolét &5 a bajlitpatdsl eiklassedmet.

B Az oldad igdnypontok bimelyvike seerinti berendeuds, shol azx Srechels egységhezr (23 katdlie- dafvagy
kitdthelyret-Sradkelt esaktatk (5} vannak hozzdrendelve wzon kétdlszak aszok meghatirendcdhoz, amelyekben
az Srzdlelt Kotdlparameterek viltozasal Mpnek Bl &5 x kisveskeld sgysdg (3} a lescleftendst jellel cpyun egy

kdtlszakassjelet w8l ks, amely megadia, hogy melvik kotsisrakase dreit o lase ojtezdare.

S, Do, Blém ft)rgé trsnydarg, mobildarg, kikot mobildary, Guddare vagy kowzolos ¢ farmtidary, amely i

vast seerelve @z elbzd igénypontuk birmstyike srering berendersssel,
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