1 Description 5 Synthetic Fiber Rope The invention relates to a synthetic
fi ber rope consisting 10 of strands that are arranged in at |east one | ayer
of strands, a strand consisting of twi sted yarns, and a yarn consisting of
synthetic fibers, at |east one strand having at |east one |ayer of strands
of indicator fibers or at |east one indica%or yarn to nonitor the service
life of the 15 rope according to the definition of the independent patent
claims. From Patent Application EP 1 371 597 Al a sheathed rope used as
suspensi on neans for el evators has becone known. 20 The rope has inner
strand | ayers and outer strand layers, a strand |ayer consisting of several
tw sted strands and, the direction of twist of the inner strand | ayer being
opposite to thHESTF+REt?dn of twist of the outer strand layer. The tensile
strength of the inner strand layer is higher than 25 the tensile strength of
t he outer5strand | ayer. Each strand is constructed of tw sted and

i npregnateéd aram d synthetic fibers. The service life of the outer strand

| ayer is | ess Symthetie EdbercRopéfe of the inner strand |layer. For the

pur pose of nonitoring the rope, individual strands of the 30 outer strand

| ayer are provided with electrically conducting wires, every tw adjacent
strands being provided wth electrically conducting wires that nmutually

abrade and theiebynpsobPbhyrees est weaeg?thétp@ piptherspeVviessh b engof
t he rope @r the_end of the rope service |life of t 35 rope, From Pat ent

e
Appl i cat1dn EFPH F342%99 Bpah %ﬁ%a?ﬁ%ﬂng%%elnu%EdP%ésgu%B nSR¥RLnBENs f or

el evat ors has decomes kKnowstr2nd consisting of twisted yarns, and a yarn
consisting of synthetic fibers, at least one strand having
at least one layer of strands of indicator fibers or at
least one indicator yarn to meonitor the service life of the
15 rope according to the definition of the independent patent

claims.

From Patent Application EP 1 371 597 Al a sheathed rope
used as suspension means fcr elevators has become known.

20 The rope has inner strand layers and outer strand layers, a
strand layer consisting of several twisted strands and the
direction of twist of the inner strand layer being opposite
to the direction of twist ¢f the outer strand layer. The
tensile strength of the inner strand layer is higher than

25 the tensile strength of the outer strand layer. Each strand
is constructed of twisted and impregnated aramid synthetic
fibers. The service life of the outer strand layer is less
than the service life of the inner strand layer. For the
purpose cof monitoring the rope, individual strands of the

30 outer strand layer are provided with electrically
conducting wires, every two adjacent strands being provided
with electrically conducting wires that mutually abrade and
thereby promptly detect the expiration of the service life
of the rope or the end of the rope service life of the

35 rope.

From Patent Application EP 0 731 209 Al a sheathed rope

used as suspension means for elevators has become known.



The rope has inner strand | ayers and outer strand |ayers, a strand |ayer
consisting of several twi sted strands and the direction of tw st of the
inner strand | ayer being in the same direction as the direction of tw st of
the outer 5 strand |ayer. Each strand is constructed of tw sted and
inpregnated aram d synthetic fibers. For thg purpose of nonitoring the rope
service life or state of wear of the synthetic fiber rope, in each case one

strand of a layer of strands is provided with electrically conductive
carbon 10 fibetRe ¥PPPRaf atnBPEr aEFORT {2YPES afNAySUERE EREBNEhARYSFRe 2
carbon fibers,seriherlagea cessibtofigexcessiyeal stwebebingtoands gxaesgeve

mb f bendi : k t th d- bear |
aram d f1bers STETRG o8 TanE ot ALt RBcarrof aCUBIabeYSEuPELTOCRE. hifber
of 15 snapped sambonifebersncas beedeieenthed. ofotvhat vthetheesitual
| 0ad-bearing cepaghhyi ofcNepsynt bethfal 10eEohoPPucERA Be Basuted opalY @
on fi art. e ele en

certain péercentage of the carbc ers my. vator st
automati cal | y grpyesnatedaappreddt eynihedist bpoand- shiptchkd vifproge pf is

here that the ﬂm@ﬂ?ﬂéi?ﬂ%s’é‘ﬁé PYbel 9ePyOVEUL] BT 8PBEYate THE {1BY@NLEORLAS
characterized in Jaiml solves the igIr)obIemof creating a synthetic fiber

rope with incresRedetiensiPevi E9PRor 1HoRRElr FAESt HRCr Bpe28Er Gice IR¥YEL 95

Advant ageous f gt thedsdeyepopiieaed withheléoventhdbyaeendstated tarbbe
dependen% patePt c%ain?. Ngnh;gring of th rogeiser &ce IL e issa gﬁg'c
probl em of 30 RPF EyntRet FEUtFhePPFbpEs  espect I Fy"8UEh FEp88eSth re
surrounded by ahsheathon Aftbedsngefibheheapreseasustabé oekctheimet, the
carbon  fibers,can, be;sel seted ande Lt anondnperopdi nayLosthehaadys35sn,
ﬁ g p
situation in the rope. di sadvantage of this nethod can be
or break soocner than the load-bearing aramid fibers of the
strand. With the aid of a voltage source, the number of
15 snapped carbon fibers can be determined. So that the
residual load-bearing capacity of the synthetic fiber rope
can be assured, only a certain percentage of the carbon
fibers may fail. The elevator is then auvtomatically driven
to a predetermined stop and switched off.
20
It is here that the invention sets out to provide a remedy.
The invention as characterized in Claim 1 solves the
problem of creating a synthetic fiber rope with increased
sensitivity for monitoring the rope service life.
25
Advantageous further developments of the invention are

stated in the dependent patent claims.

Mconitoring of the rope service life is a basic problem of
30 all synthetic fiber ropes, especially such ropes that are

surrounded by a sheath.

According to the present state of the art, the carbon
fibers can be selected and arranged accerding to the load
35 situation in the rope. A disadvantage of this method can be
that the parameters that should be conditioned cannot be
optimally adapted to each other and the suspension means

must be replaced too early so as to be sufficiently far



that the paraneters that should be conditioned cannot be optinally adapted
to each other and the suspension neans nust be replaced too early so as to
be sufficiently far 3 away fromthe critical condition. In elevator
construction, synthetic fiber ropes that serve as suspensi on neans can be
used up to 60%to 80% of the residual breakikng strength relative to the
normal breaking strength. The nore 5 accurately this point can be reached,
the nore econom cally the suspension neans can be used. Depending on the
type, field of 2Hppl fE€alR 6he gRdTIGREt FORAdfUPPentit §16VaLRE SPRCREMCE IPPber

rope applicatiegnthbeicl@ipeguirbpaBntaatokcthe HBNKLIGPEAE i$BNFekhingi k¥nobet he
i ndi cat or strands  of tge g chetigofi er, rope are liHcregsed. %brrec%
responsi ve behd9F8r "BndCr 8BFobbcPbEl Pyt ﬁeggﬁaFHa oRTEREPEqFiFENENT are
advant ageous chanadctverkst tbs abrimhé symthehpcstirbenthop@haceordi ng to 15

t he i nventi on. ' . ha t i¢.fiber rape servi.n i on
nmeans for%e|ev%#%?§§5§2932P%§n§8§¥$ Egﬁeg?r#gngﬁgﬁnﬁpfo&géeb%cﬁégﬁg%gﬁﬂ§
yarns of carbohhti Besperhapnameanst egnabedusadthe rope strands. This has the
advant age that the synthetic fiber ropes are nonitored over 20 their entire
| ength including areas that are not visible as, for exanple, the areas in
the rope sockeP8PeRHeNIsPRt KEEI EYPEbef 1PdPesTdaPRe L CRfhd CRr 88y E2KEEY Wi t hi n

the rope and rehhabkpedeteetr dapngenagkicng FipEroubpedapandcadiive,t hee
el evat or ﬁser a ﬁBXIﬁUH]gf ?afeéﬁ t hrough the 25 contln%ous connhection to
1 5 TRTcils a

the el evatior cOhitlFoFRAH MePLHREG " Eai S PEL oK tduiPtk M Cand

unconprom si ngiyditheorequiraedents toe aympierhcninbear icogeokreuspensi on
T e TS EIsERL RS, LSRR ve Rt oL a0 ke Lo A0S,
of the nem,typéegending on the requirement are advantageous
characteristics of the synthetic fiber rcope according to
15 the invention. It is known that synthetic fiber ropes
serving as suspension means for elevators are permanently
electrically monitored by means of yarns of carbon fiber
that are integrated in the rope strands. This has the
advantage that the synthetic fiber ropes are monitored over
20 their entire length including areas that are not visible
as, for example, the areas in the rope sockets. The
synthetic fiber ropes detect the abrasive wear within the
rope and reliably detect damage acting from cutside and
give the elevator user a maximum of safety through the
25 continuous connection to the elevator control which in case

of need can respond quickly and uncomprcmisingly.

The requirements for a modern monitoring of suspension
means have increased relative to the past. Sc that the

30 synthetic fiber rope can be taken to its limit of failure,
and thus the ecconomic potential of the new type of
suspension means more fully explcited, or the user can set
a sensitivity for detection of the state of wear of the
rope that is needed for his requirements, the strands with

35 indicatecr fibers must be even better adjustable in their
response behavicr, the indicator fibers of the strands

" having a high probability of losing their electrical



suspensi on nmeans nore fully exploited, or the user can set a sensitivity
for detection of the state of wear of the rope that is needed for his
requirenents, the strands with 35 indicator fibers nust be even better
adjustable in their response behavior, the indicator fibers of the strands
having a high probability of losing their ejectrical 4 conductivity
dependi ng on a nunber of reverse flexures and residual breaking force and

t hereby detecting a rope wear. An indicator fiber or an indicator yarn can
be of any 5 na?%??%?t%HéFylﬁeaﬁ9di69n?Ps cBHBRRE| 08, Ta¥CFEF EXSHPFES fNBers
with |ight-condastiingl phopekihgsforceehnall chaterdy teebateal &i beps, weakbon
fibers, etc. that are electrically conductive, the fibers with direct
contact wearing sooner than the |oad-bearing fibers. 10 For permanent
nmonitoring, thenconducétoe thécaburaﬁibed$caaoe ganhactedbat ofhenyope end

and connegted %9té9§£ UPROLS:n A 098 fOP§ Bgdu%gﬁv%gdbga%gE %kgﬁhglare

connected to a S| gna transmttey at t e ot e en cat or
15 fibers are Eblﬁﬁéét‘ééltholanggﬁQPdld@‘éGNQePrOFFﬁétltPén@ﬁl neépl spghaHd is

measured by megpshefchhersihanal &gﬁﬁbﬂeflgegsth@tcCOBHhE'QBeOElEB%rh69&§§t0r
fibers is evaluated on the ba5|s of the measUred or absent si gnal

209 Al shows aRCN@Rakpre: ofh ﬁanHﬁFEaW6Fhfﬁ%é?cﬁnﬁPPBPFﬁgwﬁ9rﬁﬁgn§°89690

el ectric signatsanAcBynibetiFrbebichay Fopersonsists of a plurality of tw sted
st rands at are arranged in different |ayers, each strand consisting of
tw sted yarns, a yarn consisting of, for 25 exanple, 1000 synthetic fibers.
A raw yarn con8pstgeringhent ménuhpdinget Ebaatosgnthevecihidbensoor fibers

bet t er procesé? 'Ebﬁ%ac@é&eggytﬂésrEEQ”bBP ahBCLBRYeBLREOLECE hYE ruhih$t , OF

for exanpl e, turns per neter
At one rope end, the 1nd1cator fibers are connected to a

signal transmitter and at the other rope end the indicator
15 fibers are connected to a signal receiver. The transmitter
signal is measured by means of the signal receiver and the
condition of the indicator fibers is evaluated on the basis
of the measured or absent signal. EP 0 731 209 Al shows an
example of an indicatecr fiber monitoring by means of

20 electric signals.

A synthetic fiber rope consists of a plurality of twisted
strands that are arranged in different layers, each strand
consisting of twisted yarns, a yarn consisting of, for

25 example, 1000 synthetic fibers. A raw yarn consists either
of unidirectional synthetic fibers or, for better
processability, already has from the factory a protective
twist of, for example, 15 turns per meter. In general,
"fiber" is used as a length-independent generic term for

30 all textile fiber materials. "Filament"” is the term used in
chemical fiber manufacturing for textile fibers of great,
or virtually endless, length. The direction of twist of the
yarn in the strands is so foreseen that the individual
fiber is advantageously aligned in the direction of tension

35 of the rope or in the longitudinal axis of the rope. The
synthetic fiber rope can be constructed of chemical fibers
as, for example, aramid fibers or fibers of related type,

polyethylene fibers, polyester fibers, glass fibers, etc.



"fiber" is used as a | ength-independent generic termfor 30 all textile
fiber materials. "Filament" is the termused in chenical fiber

manuf acturing for textile fibers of great, or virtually endless, |ength.
The direction of twist of the vyarn in the strands is so foreseen that the
individual fiber is advantageously aligned dn the direction of tension 35
of the rope or in the longitudinal axis of the rope. The synthetic fiber
rope can be constructed of chemcal fibers as, for exanple, aramd fibers

or fibers of relff eWRYHRE1C pbtRRE NPRMSIT 1RSI Dbl YosPR? PFhEYS, OF| HREee
fibers, etc. 5 odheosynthetichfeberayope sansconsds Bf DaLsOrohdOsOfafhidir ee

or nore than three | ers_ of strands. At | eas ne strand . of at, | east one
ryor of ot andst s Vet ons [RUeR by st ate s o fair 85, Bips SRy o
noni toring the Yopet serei cedibcaide. yacrof or ngon bt heng nvleat rope séevptasti c,
also callegd mafrix, that surrounds the strand that is provided with at

| east one Tndicator fiber or indicator yarn has a |ower 10 resistance to
abrasion than the matrix of the other strands. In the synthetic fiber rope

according to t@cé@ﬂ&fﬁdjoﬁb t_EkIY'@ irﬁ@éxﬁi%orﬁf,att_.erﬁé %l@éti@,’sié‘lé@a&awéaounds_the
strands of the 15 st raqgls with indicator fiber i ndi cat or gar ns. consi sts

or ,
of a softer pld3TEtfornakaPpf et et Par dinedsd sttt A PTARRAERe"hblrik
material s (for kxasmplenShidrdi batochesspscabe iddiedtdheyaen ghbor & ngower ot her
strands, ﬁg a result. of V\€ic Eheisenst}rlar?dtshrela%iv}? tf ﬁhstrggd wi t hout
i ndi cat or?20 fibers® B ThdrRatdre SRR HAR ot Tovet - e5i 3t ahce £6 S hbr asi on.
As an alternatiswramds he softer plastic, the matrix material can be
i npregnated with a softener. For this purpose, known softeners can be used.

As a result of the poorer abrasion behavior of the strands w th indicator
In the synthetic fiber rope according to the inventicn, the

matrix material or resin that surrounds the strands c¢f the
15 strands with indicator fibers or indicatcr yarns consists
of a softer plastic (for example Shore hardness scale A)
than the matrix materials (for example Shore hardness scale
D} of the neighboring or other strands, as a result of
which these strands relative to a strand without indicator
20 fibers or indicator yarn has a lower resistance to
abrasion. As an alternative to the softer plastic, the
matrix material can be impregnated with a softener. For
this purpose, known scfteners can be used. As a result of
the poorer abrasion behavior of the strands with indicator
25 fibers, through the movement relative to the adjacent
strands that arises during bending, an early onset of wear
and thus an earlier failure of the indicator fibers in the
strands is provoked. The strand with indicatcr fibers or
indicator vyarn acts as intended breaking pcint. The strand
30 with indicator fibers or indicator yarn is referred to
hereafter as "indicator strand”. Depending on the type and
amount of the selected softener, the increase in wear can

be controlled.

35 Phthalate and adipate are typical softeners that make the
strands softer, their lateral rigidity lower, and their
resistance to abrasion lower. Through a selected weight

ratio of 1% to 30% on the matrix of the indicator strand,



25 fibers, through the novenent relative to the adjacent strands that
arises during bending, an early onset of wear and thus an earlier failure
of the indicator fibers in the strands is provoked. The strand with

i ndicator fibers or indicator yarn acts as intended breaking point. The
strand 30 with indicator fibers or indicatorgyarnis referred to hereafter
as "indicator strand”. Depending on the type and anount of the selected
softener, the increase jn wear can be controlled. 35 Phthalate and adi pat e
are typical sofftithefatihatCamkes theecetedndzeSotterretdelve| bbetd® rigidity

| ower, and thEIﬁequﬁﬁéﬁirﬂj\Cﬁﬁ@n@@f %m@mﬁwﬁon Tihe 0argho 2 @@f@@ﬁ@ﬂgwmtht
ratio of 1% to 30% on the matr g?% Jﬁ_ee?ndlctor Cztrand 6, th rratrlﬁcan

be execut ed "soJfrf%lf“e'aﬁjerP%t‘_i”(‘/%u? Wb T TG SHP AN, tkf?led%\%F%@l%

behavi or wor semsamgtwesdh. i ncreasi ng anount of softener dependl ng on the
degree of csoftness. 5 Furthernore, the matrix material of the neighboring
strand or other strands (strand w thout indicator fibers or indicator
yarn) that is iBenthearore thee maerix ol off the tebgkbesingt sanasdcan

be inpregnated i td iy addidhye 19+l weduces fheiddistippeelative to the
i ndi cator strand. ~ Exanples of additjve, that can be added are waxes or_snall

amounts of Tef | Gi¥a2Eor 30a%mk oF2b 19 1805 T2 bt povkrermat Bl At PyeeF b2} het

solid content ofhd hendbddtxr es(@fé«hddﬁgciﬂﬂeoefir’ﬁ)@fe@r@i}&@@tv)lltli5aﬁuﬁcﬂdi|ﬁflvé he
mat ri x ma% rlal of, the
I

di tri
Tt er s al Ot e e GRHHTHY CATr S Sh Bt bt Gur P  BARGT HeE uF BFFAC
such manner t rmammhespl @Stadd it vé xt ldeyr cae sceind ddled her havarnes soansima he

amounts of Teflon (1 to 3% wax or 5 to 15% Teflon powder
relative to the solid content of the matrix excluding the
fiber content).

15
Further, the matrix material of the indicator strand that
is identical to the matrix material of the neighboring
strand can be treated during manufacture in such manner
that the plastic matrix degrades until the hardness and the

20 wear resistance diminish. This is achieved by a temperature
treatment of the indicator strand at a temperature greater
than 230° and a treatment time of more than 20 s. As a
result of the temperature, the lcng molecule chains that
are required for the material properties separate to such

25 an extent that on cooling the molecules no longer
completely reccmbine. To support this process, water
molecules can be added tc the strands matrix, which
prevents a complete recombination of the molecule chains.
As substitute, other molecules are conceivable that impair

30 or prevent the recombination. An initial degradation of the
matrix occurs that causes a sharply lower abrasion
resistance and thereby provokes a failure of the indicator
fibers or of the indicator yarn. The abrasion prctection is
caused to deteriorate in targeted manner.

35
The indicator fibers or indicator vyarn are/is located near
to the surface of the strand and participate(s} in the

spiral structure of the synthetic fibers or of the



20 wear resistance dimnish. This is achieved by a tenperature treatnent of
the indicator strand at a tenperature greater than 230 and a treatnent tine
of nore than 20 s. As a result of the tenperature, the |ong nol ecul e chai ns
that are required for the material properties separate to such 25 an extent
that on cooling the nolecules no | onger conpletely reconbine. To support
this process, water nolecules can be added to the strands matrix, which

prevents a conpl ete reconbi hation of the nol ecul e chains. As substitute,
ot her nol ecul esS¥rEhebheef ¥aBFeY®RAt PRparFounb of pheveRfteRestrands
reconbi nation. Matink}iahedegiadatbonfobetbeormahéi Xn@ceHesrt Rakrncawsesoan

harply | i i st t her eby. k fail f th
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caused to detersorat@ is thegebgdinbenenpt88 dhe dedechedr abi bers before
| ndi cator yarn @ﬁ&’héhé?cf5§ﬁ—88§£in OsEPgnéﬁréégeagEeE989§t&ﬁ@g a0d,re
t he the synt f tﬁe 7

participate(s) In spiral structdre o etic fibers or o
synthetic fibertjatntheningéteaheroftrprdgonpbrosiyahdse padifkerens

indicator fi ber§e9fohh§né:@djt§95@5tyaéﬂ BEBOMRE N £t BREUghs rIPenPeERBBRB on
nonitoring of the Ioad-bearlngagstrand IS therebgplnterru ted_and det ect ed

as wear before 5°tRECRKhBY POEDIBEAPTINgPYErahde BRaCafr B&L&APLFhEE2a¥E r es

that the indi cappsbsbrands netgenkyabadeasa di téeneot ofpentodnifieeeagpaci ty
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har dness of theerténsxon(JFheabfebhkageaexbensi on assthendexnémndi oh bteaks.)
fiber, a yarn, or a strand until it breaks.) There is also the further

possibility of ositipnin? the indicator strands in a nultilayer synthetic
fiber rope in here is also the further possibility of positioning the

indicator strands in a multilayer synthetic fiber rope in
15 such manner that the load that is absorbed is higher than
that in the neighboring strands. For example, in a
gsynthetic fiber rope with three strand layers, the two
inner concentric strand layers absorb a higher proportion
of the load since, although the length of lay relative to
20 the outermost layer is constant, the angle of lay relative
to the midpoint of the synthetic fiber rope constantly
decreases. In a laid rope, the strands lie significantly
steeper, as a result of which the strands are shorter or
longer depending on the layer. In view cf the geometrical
25 limitation, the innermost strands are the shortest and
therefore bear the greater load. It is therefore advisable
to arrange further indicator fibers or indicater yarns in
individual strands of the two inner strand layers. In the
case of a three-layer rope, the middle strand layer is to
30 be preferred since on account of the different wrapping
radii and therefore different bending speeds this layer is

subject to higher stress loads.

Furthermore, for the strand construction of the strand

35 without indicator fibers a synthetic fiber with very good
dynamic reverse bending capacity can be used. For the
indicator yarn of the indicator strand the indicator fibers

(for example carbon fibers) can be combined with synthetic



15 such manner that the l|oad that is absorbed is higher than that in the
nei ghboring strands. For exanple, in a synthetic fiber rope with three
strand | ayers, the two inner concentric strand |ayers absorb a higher
proportion of the |load since, although the length of lay relative to 20 the
outernost layer is constant, the angle of lay relative to the m dpoint of
the synthetic fiber rope constantly decreases. In a laid rope, the strands

lie significantly steeper, as a_result of which the strands are shorter or
| onger dependi ngrRACE hée ?5y%¥?mP%evF%EP%? fheegRbneRPFRaf YR8 FNFEEEFBR, the
i nnernost strangsn@i gt bepshotyess anderiberebotabear the geratresyhendtitt

is therefore advisable _to arrange further indicatoy fibers, or indicator
yarns in indiv ﬂ%%fss?Faﬁgg 6?g?ﬁ%£?ﬁosgﬁ%%?sS?Faﬁ%a£a9grgbelﬁkfﬁgg case of
a three-layer repehotheimiitldheost fandrsay®hei super80rbeyptheeicefiibense on
account ofcthe di r PRLAY: N d o] J n di.pg
speeds thig Iay%%l%g Eg%b¥%%tQ%gghféﬁgéﬁs??egégﬁ%g s%gﬁgéﬁﬁgéﬁnbggggoFche
strand constructhenbasishel sepandlBBeift hbor ¢xaNeheor fibers a synthetic

fiber with very.go8d,+dy8antcal §¥eHEE PEBUIAG: FaPRELLY6RA B HEEd. For the
i ndicator yarn of the indicator strand_the indicator fibers (for exanple

carbon fibers) taFehEOEbYL HRAtWPRRNEyAt RREF cCB P ORF sPPH¥rPexanpl e car bon
fibers) whose dyhenyCefieyeesethbeading. capaei dynhmitnterkoset behbahgof the
ot her syn%@etic fibeés of %he indicatores%rands or t?at of thehstrand

wi thout i ndi cat 3PPFrbef s-° THaSsHPEPFBF RYRTHRYi c2PPBerd BNaRFst FBY PHe
application of luam#éng suspension neans on the basis of co-polyners, for
exanpl e copol yterepht hal am de, the under these conditions inferiorly

functioning fibers can be of poly-p- phenyl enterephthal am de. (The dynam c
reverse bendi ngfurthermore, for the construction of the indicator yarn,

the indicator fibers (for example carbon fibers) can be

15 combined with synthetic fibers which, relative to the other
synthetic fibers of the indicator strand or relative to the
synthetic fibers of the strand without indicator yarn, have
a higher modulus of elasticity. For the synthetic fibers
that are combined with the indicator yarns in the indicator

20 strands Twaron fibers, for example, with a modulus of
elasticity of 100,000 to 120,000 N/mmZ can be used. The
cther fibers of the non-indicator strands can consist of,

for example, Technora fibers with 76,000 N/mmZ .

25 The aforementioned measures to monitor the rope service
life can alsc be combined. For example, the resistance to
abrasion can be provided by changing the strands matrix
and, at the same time, the indicator yarn can consist of
indicator fibers and synthetic fibers that in relation to

30 stress are inferior to the other synthetic fibers.

35



10 capacity is the reverse bendi ng capacity under changing |oads.)
Furthernore, for the construction of the indicator yarn, the indicator
fibers (for exanple carbon fibers) can be 15 conmbined with synthetic fibers
which, relative to the other synthetic fibers of the indicator strand or
relative to the synthetic fibers of the strgnd w thout indicator yarn, have
a hi gher nodulus of elasticity. For the synthetic fibers that are conbi ned
with the indicator yarns in the indicator 20 strands Twaron fibers, for
exanple, with a nodulus of elasticity of 100,000 to 120,000 NN mm®2 can be
used. The otherateberSleimshe non-indi cator strands can consist of, for
exanpl e, Technora fibers with 76,000 NN mR. 25 The af orenenti oned neasures
to monitor the rope service life can also be conbined. For exanple, the
resistance to abrasion can be provided by changing the strands matrix and,

at the samg tingynthechBde¢pLor r¥BENC6AR:SONALSLrOE rhRdiscahar hirBers and
synthetic fibers that in relation to 30 stress are inferior to the other

synthetic fiber&rranged ipagbnteerhi REC15°r3n3yheKety cf FhERPFoFENESASHEPI ng
of strands thatcarewiateangednsnaatl hegatnosenstisandgl ayesynadhstiandibers,

i sti f twisted d . i St f thetic fibers, at
east one strand hhGFRG 40| BASEROnE-SEPANdT] Ay8P “oP"<i T CAfor #EBerS or at

| east one indi cahdicyaen fobeopri bor atl0ekhé popeisdiviter| vhen ¢thamaactiépirzed

in that t str s_w.th_ iLndicatet -fibers or with at |east one indicator
yarn haveﬁg Iomgﬁgrgﬁkétgﬁggigg g%Fgéion than the other strands.

characterized in that
the strands with indicator fibers or with at least one
indicator yarn have a lower resistance to abrasion than the
other strands.
15
2.
Synthetic fiber rope according to Claim 1,
characterized in that the matrix of the strand with
indicator fibers or with at least one indicator yarn has a
20 lower resistance to abrasion than the matrix of the other

fibers.

3.
Synthetic fiber rope according to Claim 2,

25 characterized in that the matrix of the strand with
indicator fibers or with at least one indicator yarn is

impregnated with softener.

4.

30 Synthetic fiber rope according to Claim 2,
characterized in that the matrix of the strand with
indicator fibers or with at least one indicator yarn is
executed with a lower Shore hardness than the matrix of the
adjacent or other strand.

35



15 2. Synthetic fiber rope according to Caim1l, characterized in that the
matrix of the strand wth indicator fibers or with at | east one indicator
yarn has a 20 | ower resistance to abrasion than the nmatrix of the other
fibers. 3. Synthetic fiber rope according to Claim?2, 25 characterized in
that the matrix of the strand with indicatofgfibers or with at |east one
indicator yarnis inpregnated with softener. 4. 30 Synthetic fiber rope
according to Claim2, characterized in that the matrix of the strand with
indicator fibers or with at |least one indicator yarn is executed with a

| ower Shore harfiness than the matrix of the adjacent or other strand. 35 10
5. Synthetic fi a i o] h erized in that the
matrix of the s??é%%ggffhfggé%d?gg%o?g%?ggéﬁgoFgmﬁgﬁgétEfeast one i ndi cator
yarn is degradedabychennhsedf iheahatrehenpatrandpédrthy mbampsdotithe

addi tion of nol ecyl 85108 £180rSYBENGLLS LtbféaEQD@n@CEHBQbBEOEOyQBE 9t the
foregoing clains, characterized in that the matrix of the othef strands is

i npregnat ed wi t Ae@R2ABdi PYVBSERAL OF eﬁﬁééstf‘ﬁétm?ﬂ‘ét 2BA/ o eb¥t mgangootnhshe
strands with indigatosnfbbensiecuneth at 15 | east one indicator yarn.

6.

10 Synthetic fiber rope according to one of the foregeing
claims,
characterized in that the matrix of the other strands is
impregnated with an additive that reduces the friction

relative to the strands with indicator fibers or with at

15 least one indicator yarn.
7.
Synthetic fiber rope according to cone of the foregoing
claims,

20 characterized in that the strand with indicator fibers or

with at least one indicator yarn is positioned so that its

load absoroption relative to the adjacent fibers is higher.

8.

25 Method for monitoring the rope service life of a synthetic
fiber rope according to claims 1 to 7,
characterized in that the strands are permanently monitored

by means of indicator fibers.



7. Synthetic fiber rope according to one of the foregoing clains, 20
characterized in that the strand wth indicator fibers or wth at |east one
i ndicator yarn is positioned so that its | oad absoroption relative to the
adj acent fibers is higher. 8. 25 Method for nonitoring the rope service
life of a synthetic fiber rope according tonchaims 1 to 7, characterized in
that the strands are permanently nonitored y nmeans of indicator fibers. 11
9. Method according to Claim@8, characterized in that for the purpose of
nmonitoring 5 indicator fibers at one end of the rope the indicator fibers
are connected tg a signal transmtter and at the other end of the rope the
i ndi cator fibers are connected to sjgnal receiver, and that a

transmi ssion sitfidloba GHr G Gt $}%ﬂgn§&ter is neasured by neans of the
signal 10 receiatedrangeicdde bashst ofot h@érqasw@@omfab@ﬁntosig@al t he
condition of the C2ncd| catgtr fé berstls eval{iﬁjatg h Met od ag COI’gI ng to
Claim9, 15 char'd &t ok Jilﬁ that n tor ng oq‘ ?h ek nd?}&%t 17 9ef t akes
pl ace by neans ffbeopt i ornredetddito s gnbdsal 1ﬂ.ran£hew1a¢nramthts§/m heti c

fiber rope accocgﬁjr{&g ér?d ong Qge tP@pe 29;14 Ofr?cgﬂi:glt,gofl @'j.kg@rs 2§re 390n§écted to

a signal receiver, and that a transmission signal of the
signal transmitter is measured by means of the signal
10 receiver and on the basis of the measured or absent signal

the condition of the indicator fibers is evaluated.

10.
Method according to Claim 9,
15 characterized in that mecnitoring of the indicator fibers

takes place by means of optical or electric signals.

11.

Elevator with synthetic fiber rope according to one of the
20 foregoing claims.,
25
30

35



