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TEXHUYECKHUE TPUYNHBI OBPLIBOB
ITPOBOJIOK HECYIIE-TATOBOI'O
KAHATA HA TACCAXKHUPCKOM
MOJABECHOM KAHATHOM JIOPOT'E
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IIpencraBineHbl pe3yinbTaThl SKCIEPTU3BI IO
YCTQHOBJICHUIO TEXHMYECKUX IMPUYUH OOpPBHIBOB
IIPOBOJIOK ~ HECYIIe-TArOBOrO0  KaHaTa  Ha
[TACCaKUPCKOM ITOABECHOM KaHATHOM JOpOTe.
VY CTaHOBIIEHO, YTO OCHOBHOM NPUYMHOM 00pbIBa
IIPOBOJIOK SIBJISLJICS I€(EKT B BUAE BOJIHUCTOCTH,
BO3ZHUKAIOIIUKA  BCJIEJICTBUE HEPABHOMEPHOI'O
pacnpesesieHuss  pacTSITMBAIOIIEd  Harpysku
MEXIy NpsaasIMu KaHata. Hanuuume xoppo3uu Ha
Ne(GEeKTHOM  ydyacTKe  CBUJETENbCTBYET O
MEXaHM3ME€ HEMpPaBUIBLHOTO B3aWMOJEHCTBUU
npsiaed  KaHaTa B 30HE  BOJIHUCTOCTH,
BBIIABJINBAHNN BHYTPEHHEH KOPCAKHOM JIEHTBI
U CEeplACYHHMKAa Ha MPOTKEHUM  CUAIKH.
[IpoBeneHHas 3KcnepTU3a MO3BOJIUIIA BBISBUTD,
YTO TIOBPEXJIEHUE TPAIU HECYIIEe-TArOBOIO
KaHaTa SBISIETCA CIEICTBUEM HENPABUIBHOU
JKCIUTyaTallud KaHAaTHOW JOpOrM B 4YacTH HeE
IIPOBEJICHUS] PEBU3UU HECYIIE-TATOBOIO KaHATa,
HEBBIMIOJHEHUHM  MEPUOJIMYECKOT0 HAHECEHHUS
CHEIHabHBIX CMa304YHBIX MaTepUaAIOB Ha KaHAT
B ILEJIOM M Ha MECTO CYaJKdh. PeMOHT
BBIIIIEHA3BaHHOI'O  HECYILE-TATOBOTO  KaHara
MOXKET OBITb OCYILECTBIEH IIyTeM 3aMEHbI
nedekTHOM mpsAnMd, JuO0 TyTeM  3aMEHBI
ne(GeKTHOro ydacTKa KBaJM(UIIMPOBAHHBIMU
CHEIMAJIUCTaMH 10  TEXHOJIOTMM  3aBOJa-
W3TOTOBUTESL.

KiroueBbie ciaoBa: Hecyme-taroBelii KaHar,
neeKThl CTAIbHOTO KaHaTa, OOPBIBbI IPOBOJIOK,
MEXaHU3M

BOJIHHCTOCTb, o0Opa3oBaHMUs

BOJIHUCTOCTH.
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TECHNICAL REASONS

FOR WIRE BREAKS OF
CARRIER-TRACTION ROPES ON
PASSENGER CABLEWAY
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Russian Federation

korot@novoch.ru; a.panfilov@bk.ru;
daedwardramler.ru

The article presents the examination results
in order to establish technical reasons for
wire breaks of the carrier-traction rope on
the passenger cableway. It was established
that the main causes of breakage of wires
were: a defect in the form of undulations,
arising from the unequal distribution of
tensile load be-tween the rope strands.
Corrosion on the defective area indicates on
the improper interaction between the strand
ropes in undulation area, and the squeezing
of the inner ribbon and the core all over the
splice. The carried out examination has
identified that the dam-age of carrier-traction
rope strands is a con-sequence of improper
use of cable cars, with regard to the failure to
conduct carrier-traction rope audit, and not
performing the periodic application of
special lubricants on the whole rope and on
the splice. Repair of the above mentioned
carrier-traction rope can be done by
replacing the defective strand or by replacing
the defective part by the qualified technology
manufacturer.

Keywords: Carrier-traction rope, defects of
steel rope, broken wires, undulation,
undulation mechanism.

Introduction. Nowadays Russia has many
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Pa3BUBACTCA MHOXKCCTBO T'OPHO-TYPUCTUUCCKHUX
KOMIIJICKCOB, Ha KOTOPBIX IIPUMCEHSAIOTCSA
MaCCAKUPCKUEC TIOABCCHBIC KAHATHBIC IOOPOrv
(TIIKT).  TIIK]
HpOI/ISBOI[CTBeHHBIM O6’beKTaM, qTo FOBOpI/IT (0]

OTHOCATCA K  OIlaCHBIM

BBICOKMX  TpeOOBaHUSX TO  OOECIEeYECHUIO
0e30macHOCTH  MpU
obbekToB [1].
OCHOBHBIM JTOKYMEHTOM, 00€CIeYMBAIOLIIM
0€30MacHOCTh  JKCIUIyaTallud MAaCCaXKUPCKUX
Jlopor,
denepanpapie HOpMBI W mpaBwia (OHIT) B

OKCILTyaTallun  JaHHBbIX

IIOABCCHBIX KaHaTHBIX SABJIAFOTCA

obnactu IPOMBIIIIICHHON 0€30IMacCHOCTH:

«[IpaBuna 0€30MacHOCTH [ACCAKUPCKUX
nopor u  QyHHKyIepoB» (¢
n3MeHeHussMu  oT 28 ampens 2016 roma).
[Tynktom 546  BBINICYNIOMSHYTHIX  IPaBHII
OTpeAENseTCsl, YTO OJKCIUTyaTalusl KaHATHOMN

A0poru JOJDKHa OCYHICCTBIIATBHCA B

KaHaTHBIX

COOTBETCTBUU c JKCIUTyaTallMOHHOU
nokymeHrtaneir u TpeboBanmsimu DHII. B
nyHkre 561  ykasaHo,
paboTel mipu dkcruTyatanuu K1 u ee ameMeHTOB
cleqyeT TpPOU3BOAUTH B COOTBETCTBUU C
PYKOBOJICTBOM 10 SKCILTyaTauu [2].
B pesymprate ocmoTpa W

HU3MCPHUTCIIBHOI'O  KOHTPOJIA MECTa /:[e(beKTa

4TO PCTIIaMCHTHBIC

BU3YyaJIbHO-

YCTAaHOBJIEHO HaJM4YUe BOJHHUCTOCTH (puc. 1),

SABJIAIOIIEHCS ~ OJHUM U3  OpaKOBOYHBIX

mokasareiei HECYHIC-TATOBOI'O KaHaTa.

Cable axis

mountain tourist complexes, which use
passenger ropeways. Passenger ropeways
refer to the hazardous facilities, which mean
that high requirements are needed to ensure
safety in the operation of these facilities [1].

The main documents that ensure safe
operation of passenger ropeways are Federal
rules and regulations in the field of industrial
safety "Safety rules for passenger ropeways
and funiculars” (with amendments dated
April 28, 2016). Paragraph 546 of the above-
mentioned rules determines that the
operation of the ropeway must be carried out
in accordance with the operating instructions
and the requirements of Federal rules and
regulations. Paragraph 561 indicates that
maintenance work in the operation of
passenger ropeway and its elements must be
made in accordance with the operation guide
[2].

After examination and visual-measuring
inspection of the defect area the waviness
was found (Fig. 1), which is one of the
discard indicators of carrying-hauling ropes.

f Splicing joint

(4 R SO 1A e s g AN RS

K8 K580 80802

Puc. 1. Korrponupyemslii mapamMeTp KaHaTa — JUaMeTpP BOITHUCTOCTH

Fig. 1. Rope controlled variable - waviness diameter
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[IpenenbHbie 3Ha4YeHWS BONMHHCTOCTH MmO EN
12385-8 Be3zonacHOCTE.
Yacts 8. Hecymue u TAroBeie KaHAThl U3 TPsiiei
[1aCCaXKUPCKON JIOPOTU»
OHII »>tm mnapamerpsl He

«KaHaTel cTajdbHEIC.

IS KaHaTHOU
cocraBisieT 6%.
onpezaenensl. Jlyig kaHata guameTpoMm 48 M,
KoHCTpykimu 6x26(1+5+5/5+10) WS-SPC 1600
B zZ, napameTpa
BOJIHUCTOCTH cocTaBiser 2,88 mMm. Ha puc. 2
npuBeneHa ¢ororpadgus IePEeKTHOrO YydacTKa
KaHata JauamMerpoM 48 MM, KOHCTPYKLUU
6x26(1+5+5/5+10) WS-SPC 1600 B zZ
rnapameTrpa BOJHHUCTOCTH B 30HE

IpEaAcIbHOC 3HAYCHUC

3HaueHue
CYAJIKA 3HAYEHUl |

COCTAaBJISIET 4 MM.

BBIIIIC AO0IMYyCTUMBIX

Waviness limit value according to EN
12385-8 " Steel wire ropes - Safety - Part 8:
Stranded hauling and carrying-hauling ropes
for cableway installations designed to carry
persons™ is 6%. Federal rules and regulations
do not define these parameters. For cable of
48 mm in diameter, 6x26(1+5+5/5+10) WS-
SPC 1600 B zZ design, the waviness limit
value is 2.88 mm. Fig. 2 shows a photograph
of the defective area of the rope of 48 mm in
diameter, 6x26(1+5+5/5+10) WS-SPC 1600
B zZ design. The waviness parameter value in
the splicing area is above the limit values, and
is4 mm.

||1‘|lll|\i|l‘ll\l\llll‘l\l|||Ill‘|ll||lll|||I|l||ll||||l|\ll||\llll\\lll\llll\lllllllll\ll|l||||I||l|l||I|I||III|II|I|IUI|II|I||I Iy
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Puc. 2. ®otorpadus neGekTHOro yyacTka KaHaTa ¢ BOJTHUCTOCTBIO TUAMETPOM 48 MM,
KoHCTpyKItnH 6x26(1+5+5/5+10) WS-SPC 1600 B zZ

Fig. 2. Photo of the defective area of a rope with a 48 mm diameter waviness,
6x26(1+5+5/5+10) WS-SPC 1600 B zZ design

Ha nedexTHOM ydacTke KaHaTa yCTaHOBIJIEHO
n3MeHeHue ero auamerpa. Ilynakrom 115 ®HII
«IIpaBuia 0€30MacHOCTH

KaHATHBIX JTIOpOT ¥ (YHUKYJIEPOB)» YCTAHOBJIEHO

MTACCAXKUPCKUX

cnenyromee: «/lnamerp kaHata B 30HE CYAJIKH,
U3MEpPEHHBI B HATSHYTOM COCTOSIHUHM, HE
JOJDKEH IIPEBBILIATh HOMHUHAJIBHBIN TUAMETP
Oonee yeM Ha: 5% — MeXAy y3JIaMH CYAJKU;
10% — B wmecre y3moB cuanku it K c
OTLEIIJISIEMBIM 32KUMOM).

B pe3synprare 3amepoB MOJIydYeH JIUaMETp
KaHaTa Ha Y4YacTKe MEXIYy Y3JIaMH CYAJIKU:
MAaKCUMaJIbHBIM JuaMeTp coctaBiser 51,4 M,
MUHUMaIBHBIA — 42,0 MM (puc. 3).

The diameter change is identified on the
defective area of the rope. Paragraph 115 of
Federal rules and regulations "Safety rules for
passenger ropeways and funiculars” sets the
following: "The diameter of the rope in the
splicing area measured under tension, must not
exceed the nominal diameter by more than:
5% — between splicing joints; and by 10% in
the splicing joints area of a detachable cable
rope”.

Having carried out all the measurements we
obtained the diameter of the rope in the area
between the splicing joints: the maximum
diameter is 51.4 mm, the minimum — 42.0
mm (Fig. 3).
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Puc. 3. ®ororpadust 3aMepoB [uaMeTp KaHaTa KOHCTPYKIUU
6x26(1+5+5/5+10) WS-SPC 1600 B zZ Ha yuacTke MEX/Iy y3/IaMH CUAIIKA

Fig. 3. Photo of the rope diameter measurements
of 6x26(1+5+5/5+10) WS-SPC 1600 B zZ design in the area between the splicing joints

[IpyunHOM  HPOM3OMIEANIETO  MU3MEHEHMS
IaMeTpa HECYHIe-TATOBOTO KaHaTa B MeECTe
CYAJIKA SIBJISIETCS BOJHHUCTOCTH, ITOSIBUBIIASCS
n3-3a HEPABHOMEPHOTO
pacTsruBaroIeil Harpy3ku Mexay npsasimu. Ha
y4acTKe CHalIKM KaHaTa ObUT 0OHapyKeH Je(eKT

NpPEBbIIAIOIMNNA  OpaKOBOYHBIE

pacnpezneneHus

BOJIHUCTOCTH,
nokazarenu. OOpa3oBaHue paedexta B BHJE
BOJIHUCTOCTH  XapaKTEPU3YeTCsl UIMTEIbHBIM
IIPOLIECCOM.

VY kanara 6e3 nedekra «BOJHUCTOCTHY (pHUC.
4) paBHOJCHCTBYIOIIAs HArpy3Kka PX mpuioxkeHa
B F'€OMETPUYECKOM LIEHTpE KaHaTa. Bee npsau B
CEUEHUU HarpyXXeHbl paBHOMEPHO. Mexny
NpSASIMA  CYIIECTBYET TAaHIEHIMAIBHBIN 3a30p
A. Ilpaagm onuparorcs Ha LEIbHBIA  ILIa-
CTUKOBBIA cepaeuHuK. [Ipm m3rmbe Ha mIKWBE
NpsiA  [IPOBOPAYMBAIOTCS BOKPYT CBOEH ocu
(kak OBl OOKaTBHIBAIOTCA BOKPYr II€JILHOTO

IUTACTUKOBOTO ~ CEpJICYHUKA) W  CMEIIAITCS
OTHOCHTEJBHO JPYT ApYTa.

VY kaHata ¢ HanM4YheM Jie)eKTa BOJTHUCTOCTH
(puc. 5) paBHOuelicTBylOIas Harpy3ka Px
CMeIIaeTcs  KBa3UCTATHYECKU  (IIOCTETICHHO)

OTHOCHUTCJIBHO I'COMETPUUCCKOIo NCHTpa KaHaTa

The reason for the diameter changes of the
carrying-hauling rope in splicing area is
waviness caused by uneven distribution of
tensile load between the strands. The
waviness defect that exceeds the discard
indicators was found in the splicing area. The
waviness is characterized by a long-term
formation process.

The rope without the "waviness" defect
(Fig. 4) has the resultant force Px applied to
the geometric center of the rope. All strands
in the cross-section are loaded evenly.
Between the strands there is a tangential gap
A . Strands are rested upon a solid plastic
core. Bending on the pulley strands rotate
around their axes (like run-around a solid
plastic core) and mix relative to each other.

For the rope with the waviness defect

(Fig. 5) the resultant load Px shift
quasistatically (gradually) relative to the
geometric center of the rope by the
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Ha BENMYMHY DOKCLUEHTPUCHUTETa € TIpu

OUKIINYECKOM BSaHMOHCﬁCTBHH co mKuBoM. B

TPSIIIAX KaHaTa IIPOUCXOUT
nepepacupenenesue  Harpysku. Ilpuy  3tom
SIBIICHUU MEXY HpSASIMU MEHseTCS

TaHreHIMAIbHBIN 3a30p A . Ha BeImykiol yactu
BOJIHUCTOCTH TaHTECHIUAJIbHBINA 3a30p A MEXIY
NpAISIMA  YBEIMYMBAETCS, HA BOTHYTOW —
yMeHbIaercs (1u6o BooOIie orcyTcTByeT). [Ipn
n3rude Ha IIKUBE NPSAM TMPOBOPAYMBAOTCS
BOKPYT CBOEM OCH M CMEIIATCA OTHOCHUTEIIBHO
Jpyr Apyra BOKPYI MCKPHUBIICHHOW OCH KaHara,
32 CUET 4Yero CepACYHUK U BHYTPECHHSS
KOpCa)KHasi JICHTAa BBIJIABIMBACTCA HApYXKy B
TaHT€HIIUATBHBIN 3230p A Ha BBINYKJIOW YacTH
BOJHHCTOCTH.
BrijaBnuBaHMe  BHYTPEHHEW — KOpPCa)KHOM
JICHTBl U CEpJICUHHKA HA MPOTHKEHUU CUATKHU
HapyxXy SBJSETCS JJIUTEIbHBIM IPOLIECCOM,
CBHUJIETENBCTBYIOIIUM o IMOCTCIICHHOM
nedekra

3HaA4YCHUA

HapaCTaHHUU BOJIHUCTOCTHU J0

KPUTUYECKOTO (6bpakoBOYHOTO
rnapameTpa).

BU3YaJIbHOT'O

OpueHTUpPOBOYHOE BpeMsI

MOSIBIICHUS BBIJIaBIIMBAHUS
BHYTpPEHHEH KOpPCa)KHOW JIEHTHI COCTaBisAeT 2—3

roaa.

eccentricity value e with a cyclic interaction
with the pulley. There is a redistribution of
the load in the strands of the rope. The
tangential gap A varies between the strands
in case of this phenomenon. On the convex
part of the waviness the tangential gap A
between the strands increases, on the concave
— decreases (or it even does not exist).
Bending on the pulley strands rotate around
their axes and shift relatively to each other
around the curved axis of the rope, whereby
the core and the inner grosgrain ribbon is
extruded to the outside in the tangential gap
A on the convex part of the waviness.

The inner grosgrain ribbon and the core
extrusion in the splicing area is a long
process, indicating on the gradual waviness
defect increase up to the critical value
(discard indicator). Estimated time of the
visual appearance of the inner grosgrain
ribbon extrusion is 2-3 years.

Puc. 4. Kanar y kotoporo aeekt BOJTHHCTOCTH
OTCYTCTBYET

Fig. 4. Rope with waviness defect

Puc. 5. Kanar y kotoporo aeeKkT BOJTHUCTOCTH
MPUCYTCTBYET

Fig. 5. Rope without waviness defect

[Ipu BHEIIIHEM BU3yaJIbHOM u
W3MEPUTEIIBHOM KOHTPOJE B MECTE CUAJIKH Ha
ONTHOW W3 Tpsifiel oOHapykeH IedeKT B BHUIE

0o0OpbIBa IPOBOJIOK (pucC. 6).

The defect such as breakage of wires was
found on one of the strands in the splicing
area during the external visual and measuring
control (Fig. 6).

22 http://bps-journal.ru/




Puc. 6. ®otorpadus nedexra Ha 0JHON U3 TpsAICH B MECTe CHAIKH B BUIe OOPHIBOB MPOBOJIOK KaHATa
KOHCTpyKIun 6x26(1+5+5/5+10) WS-SPC 1600 B zZ

Fig. 6. Photo of a defect on one of the strands in the splicing area in the form of broken wires of the rope
of 6x26(1+5+5/5+10) WS-SPC 1600 B zZ design

BusyanbHbiM OCMOTPOM YCTAHOBJICHO
HaJnyue OOpHIBOB IPOBOJIOK Ha OJHOW U3
Npsiied KaHaTa B MECTE CUAJKHU. YCTaHOBJIEHO
HaJM4ue OOphIBOB MPOBOJIOK U3 BHEUIHETO CJIOS
NpsiAM B KOJIMYECTBE TPeX IITYK JAUAMETPOM
3,6 MM, ¥ TIOpBIBBI TpeX TMPOBOJIOK U3
BHYTPEHHEro cios auamerpom 2,45 mm u 1,95
MM.

Hedexrockonus KaHaTa TaKxke
MOJITBEPXK/IAaeT HAIW4YMe OOpPHIBOB IPOBOJIOK.
Kaxux-1100 BHENIHUX BO3JEHCTBUI (Hampumep,
MEXaHUUYECKUX YAapoB, BO3JCHCTBUS MOJHHH,
Ype3MEpHOro  HUCTUpaHMsI  TPOBOJOK)  Ha
Ne(pEeKTHOM y4acTKe He OOHapYK EHO.

Nwmeercs HE3HAYUTEIbHOE Hajau4uue
KOPPO3UH Ha OT/AENBHBIX MPOBOJIOKax (puc. 6).
Ortor nedexkr obOpazoBaicsi B pe3yibTare
MOBPEXKACHHUSI TOBEPXHOCTHOTO CJIOSI LIMHKA 3a
CUeT TPEHMs NMPH OrMOaHUU IMIKHBA JE(PEKTHBIM
ydyacTkoM. [Ipy 3TOM mNpPOMCXOAUT KOHTAKT
(xacaHMe) CMEKHBIX Ipsiiel KaHaTa B IpoLecce
WX OTHOCHUTENIBHOIO mepeMeleHns. JlaHHbIN
nedext
OpaKOBOYHBIM TTOKA3aTeJIeM U CBUJETEIILCTBYET

O HCIIPABUJIBHOM MCXAaHU3MC B3aUMOJCHCTBUS

HaJIM4ugd  KOpPpO3WHM HE  ABJIACTCA

Hpﬂl[efl KaHaTa B 30HC BOJITHUCTOCTH.

Visual inspection established the presence
of breaks in the wires on one of the strands of
the rope in the splicing area. There were
established some breaks in the outer layer
strands in total of three with a diameter of
3.6 mm, and the breaks of the three wires of
the inner layer with a diameter of 2,45 mm
and 1,95 mm.

Defect detection of the rope also confirms
the presence of wires breaks. The results of
any external influences (e.g. mechanical
shock, the effects of lightning, excessive
abrasion of the wires) are not detected in the
defective area.

There is minor corrosion on individual
wires (Fig. 6). This defect resulted from
damage to the surface of the zinc layer due to
friction when the defective area bent around
the pulley. There occurs the contact (touch-
down) between adjacent rope strands in the
course of their relative movement. This
corrosion defect is not a discard indicator and
is an indication of incorrect mechanism of
interaction of the rope strands in the waviness
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Xapakrep MPOBOJIOK
CBUJCTEIBCTBYET, YTO UX OOPBIBBI MPOU3OILIN

H3JI0Ma

13-3a pacTArUBaOUIed Harpy3ku (HaJIM4YUe 30HbI
TEKy4eCTH) U CABHUIOBBIX HaNpsKEHUM (Kocoi
cpe3 oa yriom 30—45 rpaaycos).

XapakTep H3JIoMa  CBHUJETENbCTBYET O
«CUJIOBOM» pa3pylLIeHHUHU IIPOBOJIOK. B nporecce
n3ruba Ha LIKUBE Mpslb, ¢ JeQEKTOM B BHUIE

O6pBIBa IIPOBOJIOK, «3aKyCbIBaJ10» CMECKHBIMU

npsagaMu.  OTHOCHUTENIBHOE IPOCKaJIb3bIBAaHUE
NpAE  OTHOCHUTEIBHO  JIPYTHX  Mpsaeu
OTCYTCTBOBAJIO, KaK u YCTaJIOCTHOE
paspylleHHue.

B cBsi3u ¢ OTCYTCTBHEM OOPBIBOB MPOBOJIOK
0 JUIMHE KaHaTa U Ha JIPYTUX y4acTKax B MECTe
CYAJIKW, MOXXHO MPEANOIOKUTh, YTO HECyIle-
TATOBBIA KaHAT HE MCUepHall CBOIO HECYIIYIO

CIIOCOOHOCTD 110 KOJIMYCCTBY OUKJIOB
HarpyKeHusd u MOXECT IMPOOOJIDKUTDb
OKCILTYaTHUPOBATbLCA npu BBITTOJIHCHHUHA

PEMOHTHBIX paboT (Hampumep, IOpU 3aMEHe
nedeKTHOH mpsian win 1e(EeKTHOTO y4acTKa).
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area.

The nature of wires breaks shows that their
breakages occurred due to tensile load (the
presence flow ranges) and shear stress
(obligue cut at an angle of 30-45 degrees).

The nature of breaks indicates a "forceful”
breaking of the wires. In the process of
bending on the pulley the strand with a defect
of wires breakage was "squeezed" between
the adjacent strands. There was no relative
slippage of the strands relative to the other
strands as well as the fatigue failure.

Due to the nonoccurrence of breakage of
the wires along the length of the rope and on
other splicing parts, we can assume that
carrying-hauling rope hasn’t exhausted its
carrying capacity by the number of loading
cycles and could continue its service if all the
repairs are performed (such as defective
strands or defective area replacement).
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