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THE EFFECT OF ELASTIC RECOIL OF CLOSED-TYPE
LIFTING ROPES AFTER THEIR MANUFACTURE AND DRAWING

Abstract. A study was made of stresses and factors of internal forces in the elements of ropes of a
closed structure during their manufacture. It is established that when twisting a rope of closed
construction, its shaped wires suffer from bending deformation, twisting and stretching. In this case, the
shaped wires are subjected to a complex load with the concomitant rotation of the axes of the stress
tensor. The stresses in the elastic cross-sectional area of the rope wire are considered and its limit is
determined for shaped cross-sections and for asymmetric shaped cross-sections. Formulas for
approximate determination of tangential and normal stresses in the elements of a closed rope of non-
circular profile are obtained: (wedge-shaped, zeta-shaped and x-shaped).

Keywords: ropes of closed construction; stress; internal force factors; cross section; shaped wires;
elastic region; normal stress; elastic-plastic deformation.

Experience in the manufacture and operation of ropes of closed design shows
that immediately after twisting the closed rope, which is an elastic-plastic system,
at the first load acquires significant elongations, and its stress-strain state changes
significantly. As a result, a number of serious structural defects (bundles, "waves",
wire breaks, etc.) often appear during the first cycles of rope operation, which is
the reason for the failure of a new rope [1, 2].

The influence of the presence of gap between the wires in the outer layers and
its value on the compatibility of operation of the layers in the radial direction and
the preservation of the structural integrity of the rope during operation is revealed
[3]. Analysis of the stress-strain state of closed rope elements under axial tension
and torsion [4]. The closed rope consists of an outer layer of Z-profile wires, a
subsurface layer of alternating round and H-profile wires [5, 6, 7]. Evaluation of
extended structural elements using non-contact mobile systems using body waves
and directional waves (piezoelectric, electromagnetic-acoustic transducers) [8].
The axial forces and torques in the cross sections of the layers are found to be
redistributed when a rope turns under an external torque, which leads to a decrease
in the safety factor of the rope, a violation of the compatibility of the axial and
radial displacements of the layers, and a violation of the structural integrity of the
rope in the form of breaks in the outer layer wires [9, 10]. The influence of wire
cracks on the amplitude distribution of the generated field is specified for two steel
rope kinds assuming surface and inner defects [11]. The behavior of short and very
short fatigue cracks emanating from so-called "smooth™ specimens with stress
concentration is described [12].
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To assess the reliability of the rope and prevent the occurrence of these
defects, as well as to assess its strength and durability, it is necessary to know the
stress-strain state of its constituent elements of wires, both during its manufacture
and after the first axial load. It is established that when twisting a rope of closed
construction shaped wires suffer together with bending and torsional deformation,
and then during extraction during operation - tensile deformation. In this case, the
shaped wires are subjected to a complex load with the concomitant rotation of the
axes of the stress tensor. It should be noted that the bending of shaped wires of
some profiles is oblique [3, 4]. For example, when twisting z-shaped and 8-shaped
wires, the plane of the bending moment, which contains the normal of the helix,
does not coincide with the main axis of the wire cross section yo or zo (Fig. 1).

Figure 1 — Sections of shaped wires of closed ropes: wedge-shaped symmetrical (a);
z-shaped asymmetric (b); 8-shaped symmetrical (c)

These wires experience oblique bending, and wires of round, x-shaped and
wedge-shaped profiles undergo flat bending. Thus, the material of the wires is
subjected to a complex load, the analysis of which the existing theories of plasticity
do not solve. There are known developments of some methods for solving this
problem, but these methods can be obtained only local solutions that meet the rigid
arameters [1, 2, 5].

Thus, the study of technological stresses and internal power factors in the
shaped wires of closed ropes in general form is an urgent scientific and applied
task.

Given the complexity of the task of analysis of technological stresses and
internal force factors in the shaped wires of closed ropes, the study is proposed to
approximate its solution under the general assumption that the wire material is
ideal — elastic-plastic, and the entire cross section of wires covered by elastic-
plastic deformation.

Consider the stress in the elastic cross-sectional area of the rope wire and
determine its limit. Normal bending stress is determined by:
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— for shaped cross-sections symmetrical with respect to the bending plane xy
(wedge-shaped, 8-shaped) wire ropes (see Fig. 1, a and c) by expression

o8, = Exy, )
where c?fy— normal bending stress; y =sin%a/R - curvature of the centerline of
the wire; R — wire twisting radius; £ — Jung's module.
— (z-shaped) wire ropes (see Fig. 1, b) by expression for asymmetric shaped cross-

sections
b

Gx,ey = Ex(zosiny + yocosy), 2
where zo and yo — the main central axes of the wire.

In Figure 1, b ¢q is the polar angle, which is calculated from the main central
axis zo.

Analyzing the plots of tangential stresses during torsion of non-round rods,
for which exact solutions are obtained, it can be noted that they have slight
nonlinearity (Fig. 1, a). This nonlinearity is smaller the greater the sloping
delineation of the wire profile, and for elliptical and round cross-sections of wires
the nature of the change in tangential stresses across the section is linear.

This fact gives the right to make a few additional assumptions. First, for
smoothly delineated profiles of sections of shaped wires of a closed rope, the
displacements yx, and yx, with a sufficiently probable approximation can be
calculated from the linear functions of the z and y coordinates (Fig. 2).

Figure 2 — Smoothly outlined cross-sectional profile of the shaped wire

Coordinate functions for this case

yxy:%z, 0<z<a;

@)

YXZZYTByr 0<y<bh;
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Ya__b
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where a and b — segments on the main axes of the cross section of the wire.
Secondly, the torque in the cross section of the wire with a smoothly
delineated profile is determined by the expression
My = I(TxyZ_szy)'dF :GI(nyZ_szy)'dF , ®)

F F
where 7y and zy, — projections of full stress on the corresponding planes; G — shear
strength modulus.

Substitute formula (3) into expression (5) and, given equality (4), we obtain

Txy = 2b2MX2 z
al, +b%ly ©)
_ a’M,

U

Total tangential stress:

M [
Ttors =4/ Tiy + Tiz N T = 2 b¥z% + a4y2 , )
a‘ly+b°ly
The twisting angle of the shaped wires is determined by the formula
Ml
= y 8
® Gl 8

where lors — the moment of inertia at pure torsion with a sufficient degree of
accuracy can be determined by the formula of Saint-Venan [6].
=L
an’l,
where F and I, — plane and polar moment of inertia of the wire cross section,
respectively.
From formula (8) we obtain:

9)

lors =

Mx:G'ltors'Igv (10)

Thirdly, the moment of elastic recoil of each layer of wires of the closed rope,
taking into account expression (1) is determined [1]:

MEC — . [(1+ cos? a)sinaM, +cos® aM, ],
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where n — the number of wires in each layer; o — the twist angle of the wires;
M, — the moment of bending relative to the z-axis of the cross section of each wire;
My — torque in the cross section of each wire.

Based on the accepted assumptions and mathematical studies of stresses
arising in the process of making ropes, simplified formulas for determining the
bending and torques in the cross sections of closed rope wires, taking into account
the coefficients A1, B1, N1, N2, N3. Formulas for their determination in the polar
coordinate system starting at the center of gravity of the wire cross section were
obtained in [3].

With an approximate solution of the problem obtained:

— for shaped cross-sections of wires symmetrical about the plane of bending xy
(x-shaped):
M, =0 -E-x-4;

GItOI’S

C=—y o
a’l, +b?l,

(1)

M, =64 -@Cl(aZAl + szl),

where of — conditional estimated yield strength; C; — coefficient that determines
the dependence of the modulus of elasticity of the second kind on the axial
moments of inertia for symmetrical shaped cross sections of wires; ® — twisting of
the axial line of the wire;

— for asymmetrical shaped cross-sections of wires (z-shaped):

MZO :GflEX(NZ -sin\u+ N3 COS\V)
Myo =0 Ex(Np-cosy+Nysiny)’

C, = Gliors
2T 2 +b%
al;p+b-lyg

My =04 ~®C2(b2N1+a2N3),

where y — the angle that determines the position of the main central axes of inertia
of the section relative to the axis perpendicular to the plane of bending of the wire;
C; — the coefficient that determines the dependence of the modulus of elasticity of
the second kind on the axial moments of inertia for asymmetric shaped cross-
sections of wires; I, lyo, Iz, Iy — the main central moments of inertia of the cross
section of the wire.
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p o2 qj cos” ppi (o)
by J1-1%sin? g
g 2 [ |sin’eilo)
3\/6%1 \/1—I25in2(p

b, = E%? +3c%a%e?;

|2 :d—z—l'
b,
d, =3C%h*e?;

de;

o

;

N3 = %i (SiAn(fP;p -pf’(@)}d@,

(12)

(13)

(14)

The obtained results can be compared with the coefficients Ao, Bo and Co,
which characterize the degree of plastic deformation under uniaxial loading
(stretching) and have the same intensity as under complex loading.

Alp)= \//-\0 cos? ¢ +0,5By sin 2¢ + Cq Sin? ¢;
Ag = (Exsiny)? +3C2b%0?; By = E%y2sin2y;

Co = (Excosy)? +3C2a‘e?;

(15)

where ¢ and p; (¢) — current polar angle and radius-vector of points of the contour
line of section; A(¢p) — increase in the current polar angle; Ao, Co — characterize the
degree of plastic deformation under uniaxial loading (stretching).
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Conclusions.

1. Further study of the elastic recoil after pulling the closed rope using
expressions (3) and (4) shows that the stress-strain state of the components of the
closed ropes changes, while the redistribution of stresses in the cross sections of
wires, and the moment of elastic recoil of the rope as a whole decreases. This
significantly improves its operating conditions and increases service life.

2. The main criterion that determines the change in the moment of elastic
recoil is the symmetry or asymmetry of the shaped cross section of the wire. In
order to evaluate the effect of stretching on the magnitude of the moment of elastic
recoil of the rope, a comparative analysis of the obtained experimental results was
carried out, as a result of which a significant difference was observed in the
distribution of forces over the layers of an unstretched and pre-stretched rope with
a subsequent nominal load.

3. Calculations of technological internal force factors in the cross sections of
wires and moments of elastic recoil on the layers of the rope make it possible not
only to assess the degree of technological imbalance of the rope, but also rationally
choose the direction of twisting in the layers. As a result, reduce the moment of
elastic recoil and ensure the reliability and durability of the rope structure during
its operation.
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BixTop Kypras, Irop Cunopenxo, Biragucnas Baiicman,
Amnppiit [TaBnumko, Bomonumup JIiTBiHOB,
Bikropist BoBk, Oneca, Ykpaina

E®EKT MPYKHOI BUIIAUI BAHTAKONIIIMMAJILHUX KAHATIB
3AKPUTOI'O TUITY MICJISI iX BATOTOBJIEHHS TA BUTSIDKKH

AHoTauis. BiomiHHiCMb 3aKpumux ma HAnie3akpumux KaHamie 6i0 I[Hwux ix eudie noiseac y
3acmocysanni npu ix 36usanui Opomy He MiNbKU Kpyeno2o, a i He Kpyenoeo (KIuHonooibHozo, I-
no0i6Ho20, 8-n0JiIOHO20 Mma X-nodibH020) nepepizy, wo 00360J€ GIOMEOPUMU MAK 36AHUL epekm
“samra’” y U0l WiNbHO20 NPUNASAHHS 36UMUX OPOMUH He KPY2lo2o hepepizy 00Hiel 0o 0O0Hoi. L]
BIOMINHICMb  00YMOGNIOE  (POPMYSaHHS MIdC 080MA A6O MPbOMA 306HIUWHIMU WAPAMU KAHAMA
3AMKHYMUX NOPOACHUH NO YCIll 11020 O0BIICUHI, HAABHICIb AKUX 3a0e3nedye HAOIIHUL 3axXUcm KaHama
8i0 NPOHUKHEHHS 6 1020 CepeOUHY 801102U, APEeCUSHUX POZUUHIE | BUXOJY MACMUNA 3 KAHAMA HA306HI.
3a60sku makiil  3axuwjeHocmi KaHamu OaHOi KOHCMPYKYII 3HAXOO0SIMb WUPOKe 3ACMOCYBAHHA Y
NIOUOMHOMPAHCNOPMHOMY OONAOHAHHI, WO BUKOPUCMOBYEMbCS 6 OYOY8AHHI MEXHIYHUX CHopyo,
CYOHOOYOYBAHHI, JTUBAPHOMY | XIMIYUHOMY 6UPOOHUYMSEAX, 6 2IPHUYOO00Y6HOMY OONAOHAHHI, 8
KOHCMPYKYIAX BUCOMHUX CHOPYO, padio i meneeedxc, a makoxc mocmie. B pobomi nposedeno
QOCHIOIHCEHHS, HANPYJICEHb A  GHYMPIWHIX CULOBUX YUHHUKIE 6 eleMeHmax KAHAmie 3aKpumoi
KoHCmpyKyii npu ix euecomosenenti. Bcmanogneno, wo npu 36UBAHHI KAHAMA 3aKpUmoi KOHCMmpYyKyii,
11020 paconni dpomu nomepnaioms 6i0 Oeopmayii eueuny, Kpyuenns i pozmseyeants. Ilpu yvomy
haconni OpomuHu 3a3HAOMb CKIAOHO20 HABAHMAICYBAHHA 3 CYNYMHIM NOBOPOMOM OCell MeH30pa
Hanpysicenv. Posenanymo Hanpyscenns 6 npysicHil obracmi nonepeunozo nepepizy opomy Kanama i
BUHAYEHO 11020 MexHCy OJisl PACOHHUX NONEPEUHUX Nepepi3i6 i Ol HeCUMEeMPUYHUX QACOHHUX nepepizis.
Ompumano gopmyau 0na npubaU3HO2O GUBHAUEHHS OOMUYHUX MA HOPMATLHUX HANPYICEHL 6
eIeMEHIMax 3aKpumo20 Kauamy He Kpyenoco npo@ino: (K1uHonooionux, Z-nodionux ma X-nooioHux).
Ompumari pesyibmamu 0aioms MOXCIUGICIb OYIHUMU CHYNIHb MEXHONIO02IYHOT He8PIEHO8ANCEeHOCMI
Kanama, payionanrbHo ubpamu HANPAGNeHHs 36UBAHHA NO WAPAX, 3MEHWUMU MOMEHM NPYICHOT
8i00aui i 3abe3neyumu HAOIUHICMb MA 008206IYHICINb CIPYKIMYPU KAHAMA 8 NPoYeci 11020 pobomu.
KurouoBi cinoBa: xanamu 3aKkpumoi  KOHCMPYKYii, HANPYHCEHHA;, GHYMPIWHI CUNO8] YUHHUKU,
nonepeunuil nepepiz; (Gacouni Opomu; npydtCcHa 001ACMb; HOPMATLHE HANPYICEHHS, NPYICHO=
nracmuuna oegpopmayis.
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