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In the article, the authors conduct research on the
assessment and control of hazards in the area of
steel ropes splicing. The obtained results made it
possible to clarify the reasons for the formation of
dangerous factors such as: "undulation”, wire
strands breaks and loss of diameter of the steel
rope. The main reason for the occurrence of dan-
gerous factors is the uneven loading of wires and
strands in the cross section of the steel rope. With
the existing manual method of jointing, it is tech-
nologically impossible to ensure the uniformity of
loading of all tucked strands, due to errors occur-
ring on the length of each tucked strand, which
directly depends on the human factor (experience
and professionalism of the splicer) in the course
of work. The authors propose a new method of
jointing steel ropes using a polymer core, which
is a conductor, which allows to exclude the hu-
man factor and to keep in place of jointing the
permissible values of defective indicators by di-
ameter.
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[IpoBeneHbl UCClIEOBaHUS OICHKA M KOHTPOJIS
OTMACHBIX (DAKTOPOB B 30HE CUAIKHU CTAJIBHBIX Ka-
HatoB. [lomydyeHHble pe3ynbTaThl IMO3BOJIUIIN
YTOYHHUTHh MPHYUHBI 00PAa30BaHUS OIMACHBIX (ak-
TOPOB, TAKUX KaK «BOJHUCTOCTHY», OOPBIBBI MPO-
BOJIOK MPSAJEH U MOTepU JUaMeTpa CTAIBHOTO Ka-
Hata. OCHOBHOM NIPUYUHOU
omacHbIX (PaKTOPOB SIBJISAETCS HEPABHOMEPHOCTH
HArpy>kKe€HUsl MPOBOJIOK U TMPSAJCH B MOMEPEYHOM

CCUCHUH KaHaTa.I]pH CYHICCTBYIOIIEM PYYHOM

BO3HUKHOBCHUA

crocobe cyanMBaHHUsS TEXHOJIOTUYECKH HEBO3-
MOKHO O0€CIeYnuTh PaBHOMEPHOCTh HarpyKEHUS
BCEX 3alpaBIiEMBIX HpsiJied B CBS3U C IOTpPEIl-
HOCTSIMM, BO3HUKAIOIIUMHU B XOJI€ MPOBEIACHUS
paloT Ha IMHE KaX10H Npsau. A 3T0 HaIPSIMYIO
3aBUCUT OT 4YesloBeueckoro (axrtopa (ombiTa U
npodeccuoHaIM3Ma  CYaJbIIMKa). ABTOpaMH
NPEeUIOKEH HOBBIM CHOCOO CyaluBaHUS CTajlb-
HBIX KaHaTOB C MPUMEHEHHEM IOJUMEPHOTO cep-
JIeYHMKa, sBIsoLIerocs KoHaykropom. Cepraed-
HUK TIO3BOJIIET HUCKIIIOUUThH YelOBeYeCKui (ak-
TOp U COXPAaHUTh B MECTE CYAJIMBAHUS JIOMYCTHU-
Mble 3HAYeHHsI OpaKOBOYHBIX IIOKa3zaTesiel o
JaMeTpy KaHara.

KuroueBrble ci10Ba: cranbHOM KaHAT, SKCIUTyaTa-
1M MAaIIWH, KaHaTHas TiAra, cyajaka, OpakoBOY-
HBIE TOKa3aTeu, OMacHble (PaKTOPHI, MOJIUMEpP-
HbIE MaTE€pUAJIBI.

Introduction. In modern engineering, we use the machines with cable traction for high-tech tasks.

Its characteristic is the use of steel ropes of an endless (infinite) type, where the rope is a ring with the

formation of a section of its connection (jointing), called splicing. Splicing may be used as a method of

joining two ends of a rope by weaving the strands of the outer layer to the core with the length sufficient
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for the formation of structural latches (nodes) of the tucked strands. The process of steel ropes splicing is
realized manually by a certified splicer and is regulated by normative documents [1, 2].

Problem statement. In the study of the durability of steel ropes, despite the declared by the manu-
facturer resource of 15-20 years, the authors noted that after 5-6 years there are dangerous factors in the
places of jointing: breaks, wear of wires, reduced diameter of the rope as a result of some damage to the
core, loss of internal section, "undulation”. All this is the basis for unscheduled repair of the rope with the
replacement of the defective section and leads to significant material costs. These factors indicate a viola-
tion of physical and mechanical characteristics of the steel rope in the splicing area and lead to its prema-
ture wear [3, 4].

Theoretical part. Physical modeling of steel ropes splicing process allowed the authors to estab-
lish the causes of hazards in the area of splicing. For normal operation of the steel rope, it is necessary
that the resultant load is equally applied to all wires and strands in their cross section [5]. However, in the
splicing area there is a displacement of the resultant load relative to the axis by the amount of eccentricity,
consequently, there is an uneven loading of wires and strands of the rope. Uneven loading appears in
splicing nodes, as in manual splicing it is impossible to ensure the constancy of the length of each of the
loaded strands. Excessive torque moment appears when operating with the load displacement equal in ef-
fect in cross section of the rope splicing along its length. The tucked strands are in a rigidly fixed state
and do not provide the required mobility when bending the rope on the pulley (wheel). In the joint "lock™
of the friction pair "core — strand — strand", the effect of "biting" of tucked strands appears, which in

the process of operation leads to the formation of a dangerous factor called "undulation™ (Fig. 1) [6].
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Fig. 1. Formation of dangerous "undulation” factor in the area of steel rope splicing
The displacement of the resultant load in the cross-section of the steel rope significantly reduces
the level of safety during its operation. When the "undulation™ develops, the loading in the cross section
of the wire when the rope is bent on the pulley increases due to additional bending and tensile stresses.
These stresses exceed the calculated values; because of that, most loaded wires of the strand begin to col-
lapse at a lower number of loading cycles, which in turn leads to the formation of such a dangerous factor
as the wire breakage (Fig. 2) [7].
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Fig. 2. Breakage of wires of one of the strands in the splicing area of the steel rope

With the existing manual method of splicing, it is technologically impossible to ensure the uni-
formity of loading of all tucked strands due to the arising errors on the length of each tucked strand,
which directly depends on the human factor (experience and professionalism of the splicer) during the
work [8]. The impossibility of ensuring the accuracy of cutting the tucked strand to the required length
causes undesirable consequences. Cutting off a strand with an excess length when it is placed, leads to an
increase in the diameter of the rope. If the strand is cut too short, there is the lack of support for the outer
strands. The lack of support can reach several millimeters, which leads to a localized reduction in the di-
ameter of the rope. More or less hard contact between the adjacent outer turns may result in the early
emergence of various wire damages in this area. An increase or decrease in the diameter of the steel rope
by more than 10 % of its nominal value is also a dangerous factor (Fig. 3) [9].

b)

Fig. 3 Hazardous factor in the form of local increase (a) or decrease (b) of the steel rope diameter in the
splicing area

Scientific novelty. The conducted researches allowed us to form a method of assessment and con-
trol of dangerous factors in the splicing area, as well as to improve the method of steel ropes splicing. The
basis of the improved method is the polymer core developed by the authors, which can serve as a conduc-
tor that allows you to keep the permissible values of rejection indicators on diameter in the splicing area.

http://bps-journal.ru/ 8




The splicing conductor is a hollow polymer cylinder with a length exceeding the length of the splicing to
the value of the two extreme ends of the tucked strands. The outer profile of the conductor in the cross
section is made in the form of a star with the number of rays equal to the number of strands and the height
of the rays is not less than half the diameter of the strand. The conductor has a helical shape with a rope
turns equal to the strand pitches in the rope, and with a radius of segments between the rays equal to the
radius of the cross section of the strand. In this case, the rays at the top are made in the form of a dovetail,
and the hollow cylinder in each joint unit of the "joint" has oval holes corresponding to the diameter of
the cross section of the strand in the shrink tube at an angle of the lay. The number of holes is equal to
twice the number of strands. The holes are evenly staggered along the helical line along the conductor, in
pairs by the number of strands and strictly opposite each other by the radius of the hollow cylinder (Fig. 4).

Fig. 4. Polymer conductor for steel ropes splicing

To ensure mobility of the strands in a joint (node) of a rope, the ends are clamped by a shrink tube
with the subsequent temperature processing. Before that, the powder antifriction material is placed inside
the tube. This material due to its layered structure provides mobility of the splicing strands by sliding
powder nanoparticles, which has good adhesion properties in the friction system "core — strand —
strand”, where there is the displacement of the layers of this material. This eliminates the possibility of
the effect of "biting" of the splicing strands in the splicing joint. To ensure the mobility of the strands in
the body of the conductor, a powder antifriction material is sprayed on its surface, filling the surface of
the conductor and the inter-strand cavities. This allows the strands of the outer layer to move in the longi-
tudinal plane and around their axis, dividing the resultant load throughout the rope and minimizing wear
from the conductor at the bending of the rope on the pulley (wheel).

The existing core on the entire splicing length is replaced by the conductor design, consisting of a
movable cylindrical rod, the diameter of which is equal to the diameter of the strands in the shrink tube,
which allows ensuring the completeness of the support area of the strands of the outer layer and elimi-
nates the formation of voids due to the lack of length of the splicing strands. The ends of the strands in the
heat-shrink tube are spliced into the body of the hollow cylinder of the replaced core, passing them
through the oval holes in each "joint" by replacing the movable cylindrical rod with the ends of the
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strands treated with a heat-shrink tube. Then they put a solid line on the outer surface of the rope along
the length of splicing and under the load control its straightness (Fig. 5).

Fig. 5. Control line of axial displacement (torsion) of steel rope around its axis

Conclusion. The conducted by the authors researches allowed them to clarify the reasons for the
formation of dangerous factors in the areas of steel ropes splicing. Timely identification and elimination
of hazards let us keep to a minimum damage to people and property at the enterprises that operate ma-
chines with a traction rope. The main advantage of the improved steel rope splicing is the exclusion of the
human factor during splicing. The conductor proposed by the authors can be manufactured for any type of
a steel rope according to the specified parameters with the pre-prepared oval holes for strands splicing of
the outer layer into the joint, which significantly improves the splicing quality.

References

1. Edinye normy 1 rastsenki na stroitel’'nye, montazhnye 1 remontno-stroitel’nye raboty.
Podvesnye kanatnye dorogi: E28-3. [Uniform norms and prices for construction, installation and repair
and construction works. Cableways: E28-3.] Elektronnyy fond pravovoy i normativno-tekhnicheskoy
dokumentatsii. Konsortsium "Kodeks". [Electronic fund of legal and regulatory-technical documentation.
Consortium "Codex".] Available at: http://docs.cntd.ru/document/1200001418 (accessed: 03.06.2019) (in
Russian).

2. Podvesnye kanatnye dorogi dlya transportirovki lyudey. Trebovaniya bezopasnosti: EN 12927-
7:2005. [Cableways for people transportation. Safety requirements: EN 12927-7:2005.] FGUP
"STANDARTINFORM". Available at: http://www.gostinfo.ru/catalog/Details/?id=4027453 (accessed:
03.06.2019) (in Russian).

3. Korotkiy, A.A., Marchenko, E.V., Panfilov, A.V. Tekhnicheskie prichiny obryvov provolok
nesushche-tyagovogo kanata na passazhirskoy podvesnoy kanatnoy doroge. [Technical reasons for wire
breaks of carrier-traction ropes of passenger cableways.] Safety of Technogenic and Natural Systems,
2017, no. 1, pp. 18-25 (in Russian).

4. Korotkiy, A.A., Marchenko, E.V., Panfilov, A.V. Stoykost’ nesushche-tyagovogo kanata
passazhirskoy podvesnoy kanatnoy dorogi. [Stability of the carriage-driven rope passenger suspended
rope.] University news. North-Caucasian region. Technical sciences series, 2018, no. 2, pp. 66-70 (in
Russian).

http://bps-journal.ru/ 10




- Ne3
\;\l}/ Safety of Technogenic and Natural Systems 2019

5. Modelirovanie dinamiki passazhirskoy kabiny transportnoy sistemy "Kanatnoe metro". [Mod-
eling the dynamics of the passenger cabin of "Kanatnoe metro"” transport system.] Vestnik of Don State
Technical University, 2018, vol. 18, no. 1, pp. 16-21 (in Russian).

6. Korotkiy, A.A., Panfilov, A.V., Marchenko, E.V. Schalka stal’nogo kanata, problemy i puti ikh
resheniya. [Steel rope splicing, problems and solutions.] Nanomaterialy i nanotekhnologii: problemy i
perspektivy: sb. materialov VIII mezhdunar. molodezhn. nauch. konf. [Nanomaterials and nanotechnolo-
gy: problems and prospects: proc. of VIII intern. youth. sci. conf.] Saratov, 2018, pp. 168-173 (in Rus-
sian).

7. Marchenko, E.V. et al. Metod naneseniya tverdosmazochnykh materialov na stal’noy kanat v
protsesse ego proizvodstva. [Method of applying hard lubricant material on a steel rope in the process of
its production.] Vibrovolonovye protsessy v tekhnologii obrabotki detaley vysokotekhnologichnykh
izdeliy: sh. trudov mezhdunar. nauch simpoziuma tekhnologov-mashinostoieley. [Vibrowave processes in
technology of machining of high-tech products: proc. of international sci. symposium of technologists
and mechanicians.] Rostov-on-Don, 2017, pp. 131-134 (in Russian).

8. Kanaty provolochnye stal’nye. Bezopasnost’: GOST EN 12385-8. [Steel wire ropes. Safety:
GOST EN 12385-8.] Eurasian Council for Standardization, Metrology and Certification. Available at:
https://files.stroyinf.ru/Data/701/70188.pdf (accessed: 03.06.2019) (in Russian).

9. Pravila bezopasnosti passazhirskikh kanatnykh dorog i funikulerov: Federal’nye normy i
pravila v oblasti promyshlennoy bezopasnosti. [Safety rules of passenger cableways and funiculars: Fed-
eral rules and regulations in the field of industrial safety.] Elektronnyy fond pravovoy i normativno-
tekhnicheskoy dokumentatsii. Konsortsium "Kodeks". [Electronic fund of legal and regulatory-technical
documentation. Consortium "Codex".] Available at: http://docs.cntd.ru/document/499077072 (accessed:
03.06.2019) (in Russian).

Autors:

Korotkiy Anatoliy Arkadyevich,
head of the Department "Operation of transport systems and logistics™, Don State Technical University,

(1, Gagarin sg., Rostov-on-Don, 344000, Russia), doctor of techn. sciences,
korot@novoch.ru

Marchenko Edvard Viktorovich,

assistant of the Department "Operation of transport systems and logistics", Don State Technical
University, (1, Gagarin sq., Rostov-on-Don, 344000, Russia),

daedwardrambler.ru@mail.ru

http://bps-journal.ru/ 11



mailto:korot@novoch.ru

