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Identifying factors affecting rope durability
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Abstract. Problem. When a rope is in use, tensile stresses arise in its cross-sections due to the end
load, bending stresses as it passes through pulleys and drums, torsional stresses, and contact stresses.
The loads applied to the rope can be either static or dynamic. When calculating crane ropes, static
tensile loads are determined without taking into account bending and torsion stresses. This approach
underestimates the stress state of the rope and can lead to reduced rope durability. Goal. The purpose
of the study was to determine the factors that actually affect the durability of crane ropes. When
winding a rope onto a drum or when bending a rope on pulley blocks, a deviation of the ropes from
the plane of rotation of the blocks occurs. As deflection angles increase, very negative aspects can
arise due to the fact that the deflected rope slides along the side of the block groove, which itself wears
out and leads to wear on the block groove. Methodology. The actual operating conditions for ropes
differ significantly from those on a test machine. However, experimental studies conducted by
scientists have made it possible to determine the impact of various factors on rope durability. To
determine the effect of the rope deflection angle, a machine with a rocker mechanism was
manufactured to study the rope’s durability. At the same time, the work of the rope was studied at
different angles of deflection from 3 to 7. Results. The research carried out enabled the identification
of new dependencies that account for the distance between blocks, thereby refining the calculation.
Experimental studies fully confirmed the obtained refined calculation. Originality. The resulting
formulas allow taking into account the distance between the blocks and therefore are more accurate.
Practical value. The results presented in the article allow us to obtain a more accurate calculation of
the durability of the rope, taking into account the influence of the angle of deflection of the rope on the
block.
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Introduction The work of the rope on the drum and on the
blocks leads to its deflection. This is a very
negative factor, which can even lead to the
possibility of the rope jumping into another
groove and the rope breaking at the crest of the
groove. Unold, Matthias and B.S. Kovalsky

indicate this in their works. It is impossible to

The current level of technology development
requires ever new requirements for the
reliability and durability of lifting ropes. The
operating conditions of the rope determine the
reliability of the entire lifting machine.

Many famous scientists, such as B.S.

Kovalsky, D.G. Zhitkov, K.M. Maslenikov, A.l.
Kolchin, I.F. Nikitin, V.L.Dvornicov [1],
V.A.Malinovskiy [2] and others, conducted
experimental studies to determine the durability
of the rope. As a result of these studies, it was
concluded that the durability of the rope is
influenced by many factors and it cannot be
determined only by static strength.

completely avoid the angle of deviation, but we
must try not to exceed the limiting permissible
value of this angle.

Analysis of publications

In work [3,4], modeling of metal ropes that
experience tensile and bending forces was
carried out. The authors made the assumption
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that there are no friction forces between the
wires, which are taken in the form of a curved
beam. Research has shown that rope torsion
leads to an increase in stress in the cross sections
of the wire. In addition, securing the ends of the
rope leads to an increase in contact stresses,
especially with point contact. As a result of the
research, it was concluded that determining
contact stresses in multi-strand ropes is a rather
complex task that must be solved in the future.

In work [5], the stress state of elements of
multi-strand steel ropes is considered. The
authors investigated the influence of effective
initial stresses on the stress-strain state of the
rope. In addition, it was concluded that the
contact stresses are significantly affected by the
pitch size of the rope lay.

The paper [6] discusses issues of theoretical
studies of steel ropes under the influence of
tensile forces. The authors showed that in a
spiral rope the central wire is loaded with
15.58% of the total load, in other sections of the
rope the wires have 84.4% of the load. The total
torque causes It was determined that the total
torque causes a stress on the external wires of
5400.4 Nmm. This allows us to conclude that
the tensile stresses in the central wire are much
lower than in the outer wires.

The works [7], [8] consider the modeling of
steel ropes that experience tensile, torsional and
bending stresses. Research has determined that
stresses from contact forces increase with
decreasing axial forces in the wires. The authors
proposed [7] a formula for determining the
stress state of the rope cross-section. For this
purpose, a three-dimensional end element in the
form of an end beam was considered. In [8],
static and dynamic analysis of a three-
dimensional end element under the influence of
shear and rotation forces was performed.

The stress state in the wires of the rope,
which is wound around the drum and block, is
considered in [9]. To determine additional loads
in the rope, a formula was obtained that took
into account the geometric parameters of the
rope, as well as the bending radius of the rope.
The calculations obtained using this formula
were compared with experimental data obtained
by LF. Nikitin. The difference was
approximately 5%.

In [10], a study was carried out of various
factors on the durability of the rope and blocks,
in particular the angle of deflection of the rope.
Based on the conducted research, it was
concluded that with an increase in the angle of
the rope, the wear of the rope block increases
and the durability of the rope decreases.

Presentation of the main material

When the rope hits the pulley, the elongation of
the wire on the convex side of the rope,
depending on the frictional forces, will be
distributed in the direction of compression on
the concave side of the rope. This elongation
changes the axial force in the wire.

The area of force change can be divided into
two parts: the area of the transition section to the
point of contact of the rope with the pulley and
the area of the rope that is bent on the pulley.

The forces acting on the wire element ds
during its movement on the transitional section
consist of the tension force T, the pressure per
unit wire P and the friction force F.

We project all forces onto the horizontal axis
and get

dT = Fds 1)

The force of friction can be written in the
form

F=uP )

The pressure per unit of wire is expressed by
the formula

P=—
0 ®)

where 1 — the curvature of the wire of the
p

curved rope.
The curvature of the wire in the curved
edging

lzsinza+ cos’ a sing 4
p r R, +rsing
where r — wire strand radius; R, — the radius of
the pulley, which is wrapped by the rope;
o — angle of twist of the wires in the rope;
¢ — is the polar angle relative to the rope axis.

We accept the force of tension of the wire in
the form

T =T, exp(-kup) )

where T, — tensioning of the wire at the point of
the beginning of the bend; k is a coefficient that
takes into account the geometric and elastic
parameters of the rope and the block [11].
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Then we will get

dT =uT, exp(-kug) x

sin®a
X +
r

After integrating (6), we get

2 : 6
cos as_ln(er.d(P (6)
R+rsing

T =uT, exp(-kup) x

sin2a+ rcos’ a(cosg+kusing) @)
X
Ku R(1+K%u?)

Expression (7) describes the law of changes
in the axial force in the wire of the straight
section when distributing the elongation that
will be received by the wire on the side of the
CONnvex rope.

In Fig. 1 presents the function T (¢)for the
following parameters: T,=30H, a=12°,
r =5mMm, R =100 mm, k = 0,0738, n=0,14.

5

LY

g voa 0 W %
Fig. 1. FunctionT (o)

The service life of the rope depends on its
design, properties of the wire, operating
conditions, and on the suitability of the
properties of the rope for its work on a specific
machine. Depending on the operating
conditions, the service life of the rope ranges
from several weeks to several years. As the
practice and experiments of many authors show,
the destruction of wires occurs in the places of
contact between the wires, as well as the contact

of the rope and the surface of the block or drum,
where contact stresses are added to tensile,
bending and torsional stresses.

When the rope is wound on the drum or
when the rope is bent on the hoist blocks, the
ropes deviate from the plane of rotation of the
blocks.

When the deviation angles are increased,
very negative moments can occur, caused by the
fact that the deviated rope slides along the side
of the block stream, while it wears itself out and
leads to wear of the block stream. As the
deflection angle increases, the contact line of the
rope with the side of the block stream and the
relative speed of the rope displacement
increases.

The deviation angles are limited taking into
account the ratio D/d, where D is the diameter of
the block, d is the diameter of the rope and the
mode of operation of the lifting mechanism.
When the rope is deflected on the drum, it is
necessary to take into account the possibility of
the rope jumping into another groove and the
rope breaking on the rowing grooves.

The works of Unold, Matthias and
B.S. Kovalskyi were devoted to these questions.
The equation of the elastic line, which arises
when the ropes of the blocks that are separated
from each other at a distance of 2a (Fig. 2).

_ ltana N
Y A~ tanh(l) @®)
x| tanh(A1)(cosh(Ax) —1) — sinh(AX) + X |

where y — beam deflection (displacement) at
point x; x — coordinate along the beam length;
I — beam length (or span length); o — initial angle
of inclination or boundary angle (in radians);
A — system parameter, typically related to
stiffness

T 1

B kd

where T — rope tension, T=Fo=cd’c, B is
the stiffness of the rope when bending,
B=c¢El, F is the plane of the rope, ¢ is the
filling factor of the rope, o — tension in the
rope, k is a constant for ropes of a certain
design.

From Fig. 2 we get the equation

(05D +2)" =(0.5D)" +x2 9)
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The solution of equation (2) will have the form

Z,=——% |—+X (10)

Fig. 2. Calculation scheme

Equations (9) and (10) can help determine
the curve of movement of the centers of the
intersection of the ropes (Fig. 2) when they are
displaced in the OA plane. The curve that
surrounds these points can be written by two
equations

Y —y+gz—,
2 y/2+Z/2 (11)
Z=z—d y

PN

Let's represent the hyperbolic sine and cosine
in the form

sinh(wx) = %(exp(cox) - exp(—mx))

cosh(wx) = %(exp(cox) +exp(—oX))

then

tanh(wl) = exp(ol) —exp(-ol)
exp(ol) +exp(-ol)

Substitute these expressions into formula
(10) and get

:—Itan(y) (0.5-tanh(wl) +
tanh(ol) — ol (12)

+0.5cosh(wx) - sinh(wX) + @X)

The limit value of the angle y is found from

the condition that the bent rope will not touch
the groove of the block, while

dy y'
9> — =|— =
gﬂ (dz ij ( Z, ij

_ Dol tan(y) (13)
- 4(o)| —tanh(ml))

Conclusions

Many scientists have long been studying the
issue of increasing rope durability, but not all
factors are taken into account in calculation
practice. When solving the problem of the
boundary angle of deflection of a rope on a
drum, some assumptions were made that
reduced the accuracy of the calculation. The
article presents new dependencies that take into
account such important factors as the angle of
deflection of the rope and the distance between
the blocks. This makes the calculation more
accurate. The experiments carried out confirmed
the obtained analytical solutions.
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Busznavennsi ¢axkropis,
MillHiCTh KaHATY

o BIUIMBAKOTh Ha

Anomauyin. Ilpoonema. Ilpu podbomi xanamy 6 11020
nepemuHax GUKIUKAE HANPYIHCEHHS PO3MASHEHHS 8i0
KIHYeB020 8AHMAICY, 32UHY NPU NPOXOONCEHHT OA0KIG
i bapabaHna, KpyueHHs [ KOHMAKMHI HANPYIHCEHHSL.
Hasanmaoicenns, aki  npuxiadeni 0o  Kaumamy,
MOJMCYMb  HOCUMU — CMAMUYHULL | OUHAMIYHUL
xapaxmep. Ilpu po3paxyHky KpaHogux KaHamie
cmamuyHi poszmsizyloui HABAHMAICEHHS
susHaAuarOMvCs 0e3 Yypaxy8awHs HANPYHCeHb 32UHY
ma  kpyuenHs.  Taxkuti  RiOXi0  HeOOOYIHIOE
HAnpysjiceHutl cman MOmMy3Ku i Modice npuzgecmu 0o
3HUdICEHHA  0oszo8iuHOCmi  mMomy3ku. Memoro
odocniodceHHss OYI0  BUHAYEHHA (DaKmopis, AKi
GakmuuHo 6naAUBAIOMb HA O06206IUHICMb KPAHOBUX
xanamis. I1i0 wac namomyeanus kanama na bapaban
abo ni0 yac 32UHAHHA KAHAMA HA NOAICRAACAX
8I00y6acmbCsi  GIOXUICHH KAHAMI6 6i0 NIOWUHU
obepmanns  Onokie.  3i  30iIbWEHHAM — Kymig
BIOXUNIEHHSI MOMCYMb BUHUKHYIMU OYdce He2amusHi
acnexkmu yepesz me, Wo GiOXUNEHUL KAHAM KOB3AE NO
bopmy nasa 610Ky, WO came 3HOULYEMbCS MdA
npusgooums 00 3Hocy naza 010xky. Memooonozis.

Peanoni  ymosu  pobomu Kaunamy  Oyoice
BIOPI3HAIOMbCST 8I0 YMOG IX pobomu Ha NpoOHiU
Mawuni. Ane  excnepumenmanvhi  OOCHIONCEeHHS,

npoGeoeHi  GUeHUMU, OO0360MUNU  3MIHUMU  BNIUB
pisHux ¢hakmopie Ha 008206iuHicmb Kanaie s
BUHAYEHHS] GNIUGY KYMa NpO2UHYy Kawama 6yno
BULOMOGIEHO MAWUHY 3 POKEPHUM MEXAHIZMOM Oisl
oocnidocennsi  0ogzoeiuHocmi  kanama. Boownouac,
pobomy Kawama OOCHONCYSANU NPU PIZHUX KYmMax
npoeuny 6i0 3 0o 7. Pesynemamu Ilposeodeni
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