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EXPERIMENTAL INVESTIGATION OF THE INFLUENCE OF THE
DEVIATION ANGLE OF THE ROPE ON ITS DURABILITY

N.M. FIDROVSKA, V.S. SKRIPNIK?, I.G.KERECHENKO?,
V.V. NESTERENKO?, 0.S. PYSARTSOV*

All ropes, according to the rules of the State Labour Service, count on the static load without taking into account the
bending and torsional stresses. The estimating the rope is based on the density of the rope and the maximum straight length.
The operating conditions of rope are very different from the conditions of their work on the running machine. However, exper-
imental studies conducted by scientists help to determine the influence of various factors on the durability of ropes. Based on
these experiments, the rope estimation methods were developed.

The use of the proposed machine with a rocker mechanism for fatigue tests will expand the empirical data on the
rope wear at different angles; therefore, will increase the durability of the use of ropes in lifting machines.
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Introduction. The current level of technology development requires new regulations for the re-
liability and durability of load hoisting ropes. When choosing the design of ropes you need to consider
the conditions in which they will be operated and make calculations based on these conditions.

Experimental studies conducted by B.S. Kovalskyi, D.H.Zhytkov, K.M. Maslenikov,
A.l. Kolchyn, I.F. Nikitin and others have shown that the durability of the rope depends on its design,
operating modes and cannot be determined only by static strength.

Problem statement. When winding the rope on the drum or when bending the rope on the
blocks of pulleys there is a deviation of the ropes from the rotation plane of the blocks. When increasing
the angles of deviation, there may be very negative effect caused by the fact that the deflected rope
slides on board of the block stream, while wearing itself and leads to wear of the stream of the block.
As the deflection angle increases, the contact line of the rope with the board of the block stream and the
relative speed of displacement of the rope increases. The angles of deviation 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 deflecting the rope on the drum, it is necessary to take into
account the possibility of jumping rope into another groove and breaking the rope on the rowing
grooves. The works of Unold, Matthyas and B.S. Kovalskyi were devoted to this issue.

Analysis of current research and publications related to the problem. In [1] the modeling
of metal wire ropes under the action of axial tensile and bending load is considered. The authors’ stud-
ies are based on the hypothesis of the absence of friction between the wires, which is taken in the form
of a thin curved rod. It has been determined that on the one hand the twisting of the rope leads to in-
crease in the overall stress in the cross sections of the wire, and on the other hand, the fixing of the ends
of the rope leads to increase in contact stress, especially at point contact.
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Experimental investigation of the influence of the deviation angle of the rope on its durability

The authors have concluded that the problem of contact stress in multi-row ropes is a rather difficult
task and requires further study.

In [2], the actual stress state of the elements of steel spinning ropes is determined. The depend-
ence of the stress-strain state of the rope on the value of the effective pre-stresses is proved. The authors
have made conclusions that increasing the twist pitch of the rope reduces the contact stresses and, thus,
it increases the safety of lifting.

The work [3] is devoted to the theoretical research of steel ropes with axial tensile load. It has
been shown in the illustrated example that the central wire is loaded with 15.58% of the total load of the
spiral I, in other sections of the wire 84.4% of the load. The total twist causes a voltage of 5400.4 N.mm
in the outer wires. The authors have concluded that the tensile stress in the central wire is much lower
than in the outer wires.

In [4] the technical modeling of steel stretched ropes under the action of tension, torsion and
bending is considered. Studies have shown that the stresses from the action of contact forces increase
with decreasing axial forces in the wires. The proposed formula for the stress state of the cross section
is made in a three-dimensional end element in the form of a final beam. For this purpose, a static and
dynamic analysis of this element under the action of shear and rotation has been performed. Particular
attention is paid to the residual contact forces that correspond to the bending processes.

In [5] the problem of determining the stress in the wires of the rope that is wound on the drum
and the block is analysed. A formula was obtained to determine the additional loads in the rope depend-
ing on the geometric parameters of the rope and the bending radius of the rope when bending it on the
drum or block. The calculations obtained by this formula were compared with experimental data con-
ducted by I.F. Nikitin. The difference was about 5%.

The influence of the deflection angle on the durability of the rope and blocks was studied in the
research paper [6].

Based on the research, it is concluded that the greater the deflection angle of the rope that
strikes the block, the greater the value of the wear of the rope block and the reduced amount of rope
operation time [7] (Fig. 1).
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Fig. 1 Rope deflection on the block

Presentation of the main material. We obtained an analytical dependence to determine the
permissible angle of deflection of the rope that strikes the block. If we can allow the adhesion of rope to
the side of the block over a length c, then the maximum angle will be determined by the formula:

4(wl-thwl
tgy = 200D 4 1go (1)
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tgf — the angle of rotation at the point of separation from the surface of the block; D — block diameter;
2l — distance between blocks; T — rope tension; B — the rigidity of the bend of the rope; k — constant for
ropes of a certain construction; d — rope diameter.

dt vtgp ctgp
tge - (dv)v:C - (W)v=c - (g—h)2+cz (2)

The object of experimental research is an experimental setup to determine the durability of the
rope depending on the geometric parameters of the rope and the rope block (Fig. 2).

For experimental research, we made a machine with a rocker mechanism, which consists of an
electromotor, a cylindrical transmission, a worm gear and rope blocks. The machine is additionally
equipped with a crank-rocker mechanism connected to the output shaft of the worm gear, and the rope
blocks are fixed separately from the mechanism for adjusting the angles of the rope.

The machine with a rocker
mechanism for fatigue testing of the rope
consists of a frame (1), which is con-
nected to the floor by means of an an-
chor fastening (2). The electromotor (3)
is fixed on the frame, which by means of
a cylindrical transmission (4) drives a
worm gear (5), at the end of which a
crank (6) is fixed, which enters the
groove of the rocker arm (7), which is
hinged to the frame (1). At the other end
of the rocker arm is attached a rope (8), |
which pass_es through the bloc'_(s (9) and Fig. 2. Scheme of experimental setup:
(10), and is connected by a |Ift|ng eye 1 — frame, 2 —anchor, 3 — electromotor, 4 — cylindrical transmission,
nut (11) with the rod (12), directly on 5 — worm gear, 6 — crank, 7 — rocker, 8 — rope, 9, 10 — rope blocks,
which the load (13) is put (Fig. 3). 11 — lifting eye nut, 12 —rod, 13 — load.
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Fig. 3 Experimental stand, « — top view, b — side view

At the first stage, the study of the influence of the deflection angle of the rope which runs from
the block has been carried out. Three values of angle 3°, 5°, and 7° and three blocks with diameters of
96 mm, 72 mm and 48 mm were selected. The angle was 2 = 11°. The rope was stretched with a load
of 500N. The results of the obtained values are shown in table.
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Based on the obtained exper-
imental data, which are given in the
fourth section, the formula for the
coefficient of influence of the angle of

Table
Testing of a steel wire rope 0 (with linear contact of
wires between layers) for durability at different angles
of deviation and the block with a diameter of 48 mm.

deviation of the rope on the durability D deviation of
of the rope was derived: Test number - egrees EVI;iolon of a rope -
£ = 0,01045y% — 0,1672y + 1,361 (3) 1 9959 95729375 | 2654 2795
2 10134 9993 9468 9377 2807
Our research made it possible j 983392?;)79 922%36395 265&32&;77
to clarify the method of calculating the z 10031 9984 9347 2315
rope by service life. To do this, we 6 9968 9784 9398 5705
introduce four additional coefficients 7 9899 9966 9254 9385 2699 2755
in Kowalski’s formula: 8 99169993 | 95119395 2824
p="% (d+abcl) @ 9 10054 9972 9436 2789
10 9973 9456 2694
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Fig. 4 — A coefficient f Fig.5 Estimated and average value of rope strength tests for durability

at different angles of deviation

f — a coefficient that takes into account the angle of deflection of the rope when leaving the block (3)
(fig. 4);
a — a coefficient that depends on the material of the block (steel — 1,1; cast iron — 1,0; duralumin — 0,8;
nylon —0,6);
b — a coefficient that reflects the influence of the radius of curvature of the stream r and depends on the
tension of the rope and the direction of twisting;
¢ — a coefficient that takes into account the metal filling of the rope section. For six-strand ropes type
(with point contact of wires between layers) ¢ = 0.21, (with linear contact of wires between layers) ¢ =
0.20, for eight-stand ropes ¢ = 0.23:
A — a coefficient that establishes the relationship of the value % with the number of cycles N;
B — a coefficient that takes into account the influence of the rope structure;
C — coefficient that takes into account the influence of wire size on the endurance limit at pulsating
contact stresses.

The estimated and average value of rope strength tests for durability at different angles of de-
viation are shown in Figure 5.
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Conclusions. The question of the deflection of the rope on the drum and the block is the subject
of special discussion in the process of designing lifting machines. When solving the problem of the
limiting angle of deflection of the rope on the drum, some assumptions were made that reduced the
accuracy of the calculation. The article presents new dependencies that give an opportunity to take into
account the distance between the blocks, they are more accurate. The experiments have confirmed the
obtained analytical solutions.
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KANATIN SAPMA BUCAGININ ONUN UZUNOMURLULUYUNO TOSIRININ
EKSPERIMENTAL TODQIiQi

N.M. FIDROVSKA, V.S. SKRIPNIK, 1.Q. KERECENKO, V.V. NESTERENKO, O.S. PISARSOV

Biitiin kanatlar Dovlet ©moek Xidmeati qaydalarina uygun olaraq, ayilme vo burulma garginliyi nezere alinmadan
statik yiik li¢lin nozards tutulub. Kanatin hesablanmasi onun sixligina va maksimal xatti uzunluguna asaslanir. Kanatin isinin
real soraiti, horokatds olan masinin is soraitindon ¢ox forqlonir. Lakin alimlor torafindon kegirilmis eksperimental tadqiqatlar
kanatlarmn uzundmiirliiyline miixtolif amillerin tesirini miisyyen etmays kdmok edir. Magalads eksperimentlor asasinda
kanatlarin hesablanma metodikas1 islonib vo 6z oksini tapmigdir.

Yorgunlugun sinaqdan kegirilmosi {iglin toklif olunan garxqollu mexanizmli maginlarin istifadosi, kanatin miixtolif
bucaglar altinda yeyilmasina aid empirik molumatlar1 genislondirocok va belsliklo, qaldirici maginlarda kanatlardan istifadonin
uzundmiirlityii yliksalocok.

Acgar sozlor: kanatin sapma bucagu, yiik, gorginlik, uzunomiirliik, yorgunlugq, yeyilma.

IKCHEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUSIHUSA YI'JIA OTKJIOHEHUSA KAHATA
HA EI'O JOJI'OBEYHOCTb

H.M. ®UJJPOBCKA, B.C. CKPBIITHBIK, .I'. KEPEYEHKO, B.B. HECTEPEHKO, O.C. I[IbICAPLIOB

Bce kaHatbl, cornacHo npaBuwiiaMm ['ocyqapCcTBEHHOH CiTyKOBbl TpyZAa, pacCUMTBHIBAIOT HAa CTATHYECKYIO HarpysKy
6e3 yJera M3rnOArONIMX U KPYTHIBHBIX HalpsDKEeHHH. Pacder kaHaTta OCHOBaH Ha INIOTHOCTH KaHATa ¥ MAaKCHMAaJIbHOW MPSIMOH
unHe. PeanbHbIe ycioBUs pabOTHI KaHATa CHIIBHO OTJIMYAIOTCS OT YCJIOBUIT X pabOTHI Ha X00BOH MamuHe. OJHAKO JKCIIe-
PHMEHTAIbHBIE HCCIIEOBAHNS, IPOBEICHHBIE YUCHBIMH, TOMOTAIOT ONPEAEIUTD BIMSHUE Pa3IHIHBIX (PAKTOPOB HA JONTOBEU-
HOCTB BepeBOK. Ha 0cHOBE 3THX 9KCIEepPUMEHTOB ObLIH pa3paboTaHBl METOABI pacyéTa KaHATOB.

Hcnonp3oBaHKe NpeagaraeMoi MaliHbl ¢ KOPOMBICIOBBIM MEXaHU3MOM JJIsl UCHBITAHUI HA YCTaJIOCTh PacIlu-
PHT SMIMPHYECKHE AaHHBbIE 00 M3HOCE KaHATa I0J Pa3HBIMHU YIJIaMH, U, TAKUM 00pa3oM, MOBBICUTCS JOITOBEYHOCTb MCIIOJb-
30BaHMS KaHATOB B MOABEMHBIX MaIllUHAX.

Knroueewie cnosa: YroJi OTKJIOHCHHUS KaHaTa, Harpy3Ka, Halps>KeHHUe, 10JITr0OBEYHOCTh, YCTAJIOCTh, U3HOC.
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