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DETERMINATION OF THE INFLUENCE OF THE GEOMETRIC PARAMETERS
OF ROPE BLOCKS ON THE DURABILITY OF THE ROPE

Fidrovskaya N. M., Karavan R. A., Ptushka A. S., Yazlovitskaya O. V.
Kharkiv National Automobile and Road University

Abstract. Problem. The durability of crane ropes is very important, as it ensures not only the main costs
of operating the lifting machine, but also the safety of loading and unloading operations The operating
conditions of the rope have a very significant effect on the period of its use, but they are not always
taken into account. Yes, the method of calculating the rope, which is reflected in the standard, does not
take into account the operating conditions of the rope, so it is very difficult to accurately predict its
durability. In modern educational and reference literature, the influence of the size and geometry of
rope blocks on the durability of lifting ropes is underestimated. The main criterion that is taken into
account when choosing a rope according to existing methods is the tensile strength of the rope, although
as shown by the research of many famous scientists, the wires of the rope break precisely as a result of
bending on the blocks and the drum. The diameter of the block is selected depending on the diameter of
the rope and the mode of operation of the lifting mechanism. The material of the block and its geometry
are not taken into account at all when choosing the type of rope and its diameter, while the wear of the
surfaces of the rope and the block greatly affects the durability of these elements of the lifting
mechanism. Determining the factors that affect the wear of the rope and the reduction of its durability
is quite an important task and requires not only theoretical, but also experimental research. At the same
time, ropes of different designs and diameters were considered. At the same time, ropes of different
designs and diameters were considered. This made it possible to evaluate the influence of various
elements of the rope and the block on the predicted durability of the rope. The conducted research made
it possible to improve the formula of B. Kovalsky, which he proposed for choosing the diameter of the
rope according to the service life. The dependence of the influence of the opening angle of the block
groove, which is determined from the condition of the reduction of rope torsion during its deviation, on
the durability of the rope was obtained. In order to obtain a more realistic picture of the load of the
rope that bends on the block and drum, the calculation scheme was improved and the number of factors
that have a significant impact on the durability of the rope was increased. The results of the research
significantly bring the rope load conditions during bending on the block and drum closer to real values.
Key words: rope, lifting mechanism, rope block, rope durability, rope deflection angle.

Introduction

The method of rope calculation, which is
currently used by the standard, does not
correspond to modern conditions of rope
operation and does not provide its necessary
durability. In those calculations that are given in
the educational and reference literature, he
underestimates the influence of the geometric and
elastic parameters of the blocks on the durability
of the ropes. The rope is selected only from the
conditions for stretching, at the same time, as it
has been experimentally proven, that the
breakage of the wires in most cases occurs
precisely when the rope passes through the block.

Experimental studies carried out by B. Ko-
valsky [1], D. Zzhitkov, K. Maslennikov,
A. Kolchinim, I. Nikitin [2] others showed that
the durability of the rope depends on its design,
operating modes and cannot be determined only
by static strength.

It was believed that the main cause of rope
failure was material fatigue. Each wire rope
withstands a certain number of bends, so it is
necessary to experimentally determine the
relationship between the service life of the rope
and various factors that cause its wear.

Analysis publications

Comprehensive research into the durability of
steel wire ropes has been carried out by scientists
such as B. Kovalsky [1], K. Maslennikov,
V. Verkle [3], N. Markman [4], D. Zhitkov,
V. Malinovsky [5].

Studies have been carried out that are aimed
at creating the foundations of the structural
mechanics of a steel rope, which is based on the
general principles of the mechanics of a deformed
body and takes into account the specifics of the
rope as a complex unit. M. Glushko [6] created
the foundations of the theory of calculations,
which allow one to accurately estimate the
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magnitude of the stresses that arise in steel
hoisting ropes.

In [7], the torsion of the rope, which is caused
by its deviation, was studied and it was Table 1.
Values of coefficients shown that it depends on
the opening angle of the groove. And the greater
the angle of deviation, the greater the torsion of
the rope (Table 1).

The opening angle of the groove of the block
is determined from the condition of reducing the
torsion of the rope during its deviation. Table 1
shows the dependence of the rope torsion on the
angle of deviation when working on pulleys with
different opening angles of the block groove.

Table 1 — Dependence of the rope torsion on the angle of deviation when working on blocks
with different groove angles

Influence of the angle of deviation and the opening angle of the block stream
on the torsion of a steel rope with a diameter of 20.0 mm

N
N

60 rpanycis

L

30 rpamycis

Deviation angle, deg

1 15 2 2.5 3 4 5

Dependence of rope torsion on deviation angle for a 30 degree opening angle

Torsion from deviation, deg/m

172 286 401 516 573 802 | 976

Dependence of rope torsion on deviation angle for a 60 degree opening angle

Torsion from deviation, deg/m

115 172 229 286 344 | 401 | 516

Statement of the problem

Operating experience shows that the pulley
opening angle, which is recommended in normal
conditions, does not meet the operating
conditions of the traveling ropes. The side
surfaces of the pulley grooves, which are made
according to these standards, have intense wear
due to an insufficient opening angle. Therefore,
the pulleys of traveling blocks should have an
opening angle of the groove walls of 50 instead
of 40-45 according to OST 24-191-01.

Tests and practice have shown that the amount
of rotation of the rope around its axis depends on
the opening angle of the groove. The larger the
angle, the less the rope will twist. But many
companies make pulleys with -30, 35 and 45
angles, taking into account the requirements of
different standards.

Purpose of the problem
The purpose of the scientific research is to
improve the methodology for determining the
durability of the rope by taking into account new
factors that significantly affect the operation of
the rope.

Presentation of the main material
B. Kovalsky [1] proposed a new method for
calculating crane hoisting ropes for durability,
which takes into account the influence of the
multiplicity of the chain hoist and the dimensions
of the drum on the lifting mechanism. One of the
main wear parameters is the radial pressure of the

rope on the block, which is proportional to the
rope tension T. The radial pressure determines
the stressed state of the wire at the points of
contact with each other and the groove of the
winding body.

B. Kovalsky ~ recommended  such a
dependence to determine the block diameter

D = ABC (d +abcy). (1)

Where a is a coefficient that depends on the
material of the block (steel - 1.1; cast iron - 1.0;
duralumin - 0.8; capron - 0.6); b is a coefficient
that shows the influence of the rounding radius of
the stream r and depends on the tension of the
rope and the direction of the lay. With a safety
margin, the values m =5 + 6 bare induced in
Table 2.

Table 2 — Values of coefficient b

Lay
rid -
Cross-over one-sided lay
0,53 1 1
0,56 1,04 1,02
0,60 1,10 1,05
0 1,30 1,20

c is a coefficient that takes into account the metal
filling of the rope section. For six-strand ropes of
the TK type ¢ = 0.21, LK ¢ = 0.20, for eight-
strand ropes ¢ = 0.23.
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A is a coefficient that establishes a relationship
between the value % and the number of cycles N.
On the basis of research on running cars, such a
relationship can be established

A== )

C
+=
1N

Based on the experiments of Scoble [11], Wernl
[12] and others €’ = 14,5,C"" = 56000

Within N = 30000 = 300000,4 = 0,23/N

B is a coefficient that takes into account the
influence of the rope structure. At the ultimate
strength of the wire ¢ = 1600 + 1800MPa, its
value is given in Table 3.

Table 3 — The value of the coefficient B

Twisting
. lay
Design lay cross one-sided

lay
6x19+0OC TK 1,15 0,95
6x19+0C JIK-P 1,00 0,90
6x37+0C TK 1,20 1,10
6x37+0C TJIK-O 1,06 0,95

C is a coefficient that takes into account the
influence of the wire size on the endurance limit
at pulsating contact stresses; its values are given
in Table 4.

Table 4 — The value of the coefficient C design

Design of D
rope

6x37+o0.c. | 0,96 |1 |104 | 1,06 | 1,08

6x19+0.c. 1094 |1 | 106 | 1,10 | 1,13

D is the block diameter;

d is the diameter of the rope.

Consider an example, T=31123H, d;=17,5 mm,
rope LK-3 6x25, 4m. We choose the diameter of
the block and the drum according to the
normative data

D=ed,=25-175=437,5 . ()

According to the Kowalski formula:
S

D=ABC (dk+0,25 d—) =10-1-1
k

123

(17'5+0'25—9,81-17,5

) = 628MM (5)

| 139 |
r 10

where C when E:R:O’” according to the

graphs we take 1. A=10 for N = 15000 cycles.
As you can see, the standard value of the diameter
of the block and the drum differs from that
recommended by B. Kovalsky by 30 %.

Let us determine the durability of the rope with
this block diameter

D
A= =

BC (dyc+0.25 dﬁk)

B 4375
1-1 (17,5+0,25

31103 )= 6,97. (6)

9,81:17.5

This value of A corresponds to a durability of
50,000 cycles.

As we can see from the calculation, the
durability of the rope selected according to the
normative data decreases by 3 times.

Let's consider another case. Let's take a rope
TK 6x18 cross lay, which has a force of 28495N
with a diameter of 17mm. For this rope, we will
have a block diameter

D=25-17=425 mm. (7)

Determine the durability for this block diameter

425
A= = 5,96 8
LI (1740252552 (8)

This A value corresponds to a durability of
25,000 cycles.
According to the Kovalsky formula for A=10

28495
9,81-17

D:1,1~1,1~10(17+0,25 ): 712,7 MM. (9)
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Fig. 1. Dependence of the coefficient A of the
influence of rope kinks on the blocks during
operation
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From graph 1 we get N=150000 cycles. As you
can see, with an increase in the block diameter by
68 %, we get a 6-fold increase in durability.
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Fig. 2. Coefficient B, taking into account the
influence of the rope structure
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Fig 3. Coefficient C takes into account the
influence of the radius of curvature of the
groove of the block or the groove of the drum
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Fig. 4. Dependence of the coefficient h on the
angle

As mentioned above, the opening angle of the
groove of the rope block greatly affects the
durability of the rope, but it was not taken into
account in the formula of B. Kovalsky. We
carried out experimental studies, on the basis of
which a formula was derived to determine the

effect of the opening angle of the groove to the
block on the durability of the rope

h=02(028 —1). (10)

The graph of the dependence of the coefficient h
on the opening angle of the groove block is

S

hown in fig. 4

Then formula (1) takes the form

D—ABC(d+ bT> 11
- h a Cd ( )
Conclusions

The analysis of the obtained solutions showed

that in addition to the main factors that are
included in the method of calculating the ropes
for the service life of B. Kovalsky, there are a

n

umber of other indicators that have a significant

impact and taking into account which will help to

S

ignificantly increase the durability of crane

ropes.
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BuznayeHHsi BIUINBY reOMeTPUYHUX NNApaMeTPiB
KAHATHUX 0JIOKIB HA 10BroOBiYHICTH KaHATY

Anomayin. Ilpoonema. /[loeco6iunicmb KpaHoeux
KaHamie mae O0yjce 8adiCUGe 3HAYEHHs, OCKLIbKU
3abe3neuyc He MINbKU OCHOBHI GUMpPAMU HA
EeKCNLyamayiio 8aHMaANCONiOUOMHOT MaWuHU, are i
be3nexy  HABAHMANCYBANLHO-DO3BAHMANCY BATLHUX
onepayiti. Ymosu excniyamayii xawamy O0yoice
CYmmeso 6nAUBAIOMb HA MEePMiH 11020 BUKOpUC-
MAaHHA, ane He 3a8xcou 8OHU epaxosyromuvcia. Mema.
Memoouxa po3paxyuky Kanamy, 6i0meopeHa 8
cmanoapmi, He 6paxo8ye ymosu pobomu Kanamy,
MOMYy CHPOSHO3Y8AMU MOYHO U020 008208IUHICIb
oyace  ckradno. Y cyuacHiu  HAGUANLHIN i

00BIOHUKOGII Iimepamypi 6Niue po3mipie i 2ceomempii

Kanamuux ONI0Ki6 HA 008208IYHICMb  NIOUOMHUX
xkanamie  Hedooyinena. Memoouka. OcHOBHUM
Kpumepiem, wo 6paxosawuil y eubopi Kanamy 3d
HASAGHUMU ~ MEMOOUKAMU, € CUNd  PO3MACHEHHS.
Kamamy, Xxoud, SK NOKA3YIOMb  QOCHONCEHHS.
bazamvox 6i0OMUX YUEHUX, OPOMUHKU KAHAMY
PO3PUBAIOMbCSL CAME BHACTIOOK 32UHAHNSL HA OI0OKAX §

bapabani. [Jiamemp 610Ky 00Upacmucsi 3a1ex#CHO 6i0
diamempa Kanamy U pedcumy pobomu Mexauizmy
niotiomy. Mamepian 610Ky ma 1i02o eeomempis 306cim
He 8paxo8yemuvCs nio uac ubOOpy muny Kauamy i 1iozo
diamempa, mooi K 3HOUWEHHS NOBEPXOHb KAHAMY U
010Ky Oyoice 8NIUBAE HA O0B2OBIUHICb YUX eleMeH-
mie mexauizmy niotomy. Busnauenns ¢paxmopis, wo
6NIUBAIOMb HA 3HOUWIEHHS KAHAMY U 3MEHUIeHHA 11020
006208iuHOCHI, € 00CUMb BANCTUBUM 3AB0AHHAM i
nompebye He MIiNbKU ~ MEOpemuyHux, aie i
eKCnepuUMeHmanbHux 00cuiodcens. Pesynemamu. V
pobomi po32n0aNUC KAHAMU PIZHOT KOHCIMPYKYIT ma
Odiamempa. Lle Oano 3mo2y oyiHumu 6nIU8 pi3HUX
eneMenmie kawamy U ONIOKY HA NPOCHO308AHY
0oszogiunicms kanamy. Opuzinanvnicms. Ilposedeni
00CHIONCEHHST O0aNU 3MO2Y 8OOCKOHAIUMU GOPMYLY
b. Kosanvcokoco, AKy 6ueHull 3anpononyeas Ois
subopy Oiamempa KaHamy 3d MepMIHOM CLYHCOU.
Ompumano 3anedxcrHicmv 6nAUGY Kyma pO3KPUMMS
piguaka 010Ka, AKUL BUSHAYAEMBCA 3 YMOSU
3MeHueH sl KpYUeHHs KaHamy 6 pasi io2o oegiayii, Ha
0oseosiunicms xanamy. Ilpakmuuna yinnicmes. /s
ompumanus O  peanvHOi  KAPMUHU — HABAH-
MadicenHs Kanamy, wjo 32UHAEMbCA Ha 6noyi ma
bapabani, YOOCKOHANEHO pO3PAXYHKOBY cXeMmy U
30iIbWeno  KinbKicme — hakmopis, aKi  maome
cymmeeuil 6nau6 Ha 006208iuHicmy kanamy. Pe3yno-
mamu  OOCHIONHCeHHs 3HAYHO HAOIUNCAIOMb YMOSU
HABAHMAICEHHS KAHamy nio yac 32uny 1020 Ha O1oyi
ma 6apabari 00 pedarbHUX 3HAYEHD.
Kniwuoei cnoea: rxanam, mexauizm
KaHamuuli 610K, 006208IYHICMb
BIOXUNEHHSA KAHAMY.
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