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---------------------------------------------------------------------***---------------------------------------------------------------------
Abstract Wire ropes operate at high stress levels and are almost 
invariably subject to fluctuating loads. The continuous degradation 
of wire rope affected with operative services will ultimately lead 
to failure. In this present work the test sample was adopted as the 
single steel wire. To explore the effects of the load, test on normal 
wire (steel) and fretting wire (steel) the, breaking tensile tests were 
carried out for both types of wires samples by using a universal 
tensile testing (UTM) machine (INSTRON limited high 
Wycombe, Model No. 8801). 
This test (Tensile) includes three major stages (elastic 
deformation, plastic deformation and finally the fracture failure) in 
the process of breaking tensile.  
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1. INTRODUCTION  
 
Steel Wire Ropes are frequently used for lifting devices  
because of their distinctive design. 

With numerous working components that cooperate to support or 
move the load, wire rope might be compared to a sophisticated 
machine. Everywhere, including but not limited to suspension 
bridges, towers, elevators, and the lifting and rigging industries, 
wire ropes are employed. 
The wire rope is constructed from multiple steel wires that are 
twisted together to create distinct threads that form a helical 
pattern around the centre. The advantages of this structure include 
its tremendous strength, flexibility, and resistance to bending 
stresses. Many material and wire combinations have various 
benefits, such as strength, flexibility, and resistance to corrosion, 
crushing, and fatigue. Several structural components, including 
rope, have the ability to withstand relatively large axial loads in 
comparison to bending and torsional loads [1-3]. Because of this 
quality, ropes were among the first tools employed by human 
civilization. 

1.1. Main Components of the wire rope 

One metallic wire that is very thin makes up the basic part. Figure 
1. shows the various components and how the strands are arranged 
around the central core. 

Several materials can be used to create the core. It could be 
made of polypropylene, wire rope, or natural fibres. A centre 
wire that acts as the axial component is frequently wrapped 
helically around many metallic wires. It is important to 
remember that strands make up the majority of a wire rope's 
load-bearing parts. The core's function is to give the strands 
the necessary support under typical bending and loading 
circumstances. 

 

Fig.1: Wire Rope and its components 

 
Wire 
 
They are the smallest part that make up each of the distinctive 
individual strands of the rope. One of the various metallic 
substances that can be used to manufacture wires is steel. Several 
types of wires are produced based on their strength and resistance 
to wear, fatigue, and corrosion. Usually, the wires are either 
uncoated or have a beautiful polish. The most frequent cross-
section for wires is spherical. Nonetheless, profile wires are 
occasionally used. Profile wires are defined as wires with a cross 

section different than a spherical section. 

 Strands 

Strands are composed of many wires that have been precisely 
twisted and arranged. Then, the different strands are arranged in a 
helical pattern to surround the core. Larger diameter wires provide 
more abrasion resistance, whilst smaller diameter wires have 
higher flexibility. 
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wire rope Lay length and lay angle  

In its simplest and most fundamental form, the strand consists of 
three or four twisted wires, as was the case with Albert's initial 
wire rope, which had three straightforward strands with four wires 
each. Today, however, a single layer of wires that are organised 
helically around a central wire make up the most fundamental 
strand. 

1.2. Wear 

One of the main ways steel wire ropes degrade is through wear. 
The friction between the wires of the rope causes internal wear, 
and bending the rope over sheaves or drums causes outside wear. 
The latter is more typical in the vast majority of rope applications. 
The rope’s safe working life is shortened by the point contacts and 
excessive wear caused by the bending pressures. 

2.LITRATURE REVIEW 

Because to the ubiquitous use of wire ropes, various academics 
have done substantial research on the material's pertinent 
characteristics over time. In order to assess the tribological 
characteristics of ropes, Mc Coll et al. [4] examined the impact of 
low viscosity oils, with and without graphite additions, on the 
fretting behaviour of a high-strength eutectoid steel rope wire. The 
surface property of the fretting scar was investigated. In a series of 
investigations on the fretting wear and fatigue of steel wires,  

Zhang et al. [5] investigated the wear depth and the fracture life 
under contact loads following each fretting friction test. 

Cruzado et al. [6–7] planned numerous experimental programme 
and investigated the effects of these 2elements on the fretting wear 
behaviour of the thin steel wires for dry friction. This is because 
the effect of the contact pressure and crossing angle on the wear of 
the rope wires is highly essential. Forcing fatigue experiments 
were extensively used by Wang et al. [8–9] to study the failure 
mechanism of hoisting rope. Under various displacement 
amplitudes and strain amplitudes, he examined the wear 
mechanism of the fretting contact scars and fretting fatigue life. 
The impact of various corrosive fluids on the fretting fatigue 
damages of mine rope wires was investigated in light of the 
complex hoisting situations. 

Wang et al. [10-11] also investigated the dynamic wear evolution 
and crack propagation of steel wires under fretting-fatigue. The 
wear depth and wear scar profiles were quantitatively analysed. 
Although there are substantial discrepancies between the wear 
characteristics of wires and ropes, Oksanen et al. [12–13] used 
studies to better understand the rope's wear by examining the wear 
mechanisms between the roller and the wire rope. In a previous 
study, we conducted a number of friction and wear experiments on 
a home-built test rig and looked at the tribological properties of 
the winding hoisting ropes in various sliding scenarios [14]. 

a. Analysis of steel wire rope (unused) with different 
diameters with 7 mm and its tensile test by using Universal 
Testing Machine (UTM) and compare its performance and 
failure analysis. 

b. Analysis of steel wire rope with fretting (artificial) with 
reduced diameters of above stated wire 6 mm via 
experimental analysis in UTM. 

2.1. Experimental based braking failure analysis of steel 
wire with and without fretting  

The test sample was adopted as the single steel wire. The steel 
wire is made of high-quality carbon structural steel by the process 
of cold drawing.  

The braking failure analysis was performed on the UTM machine 
made of INSTRON limited high Wycombe, Model No. 8801 
(England) which is having maximum capacity of 100 kN. 

Steel wire and its fretting have been measured with the help of 
digital screw gauge. 

2.2. The Stress calculation is given as  

σ = F / A 1.1 

Here, σ refers to the stress 
 F is the force applied and  
A denotes the area of the surface. The unit of stress is Pascal 
or N/m2. 

 

2.3. The Strain calculation is given as  

Strain =
x

L
 

2.2 

Where, 
Change in dimension is x, 
The original dimension is L. 

 
Figures 2 to 3 show the images taken by the optical microscope 
and the scanning electron microscope (SEM)  for the normal steel 
wire and the fretting wire.  

Figures 2 and 3 shows the images of normal steel wire (7 mm) and 
the fretting wire of the same diameter having the reduced diameter 
after the fretting is 6 mm. 
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Fig. 2. Steel wire diameter (7 mm) 

 

Fig. 3. Scanning electron microscopy (SEM) Fretting of steel 

wire (7 mm) 

3. ANALYSIS OF STEEL WIRE OF DIAMETER 7 
MM WITH AND WITHOUT FRETTING 

 

Fig.4. Stress-strain curve of Steel Wire of diameter 7 mm 

without fretting 

3.1 Performance Analysis (With Fretting for Steel 

Wire of diameter 7 mm) 

 

Fig.5. Stress-strain curve of Steel Wire of diameter 7 mm with 

fretting. 

Figures 4 and 5 shows the stress-strain diagram of steel wire (7 
mm) and the fretting wire of 6 mm respectively. 

In x axis there is strain and in y axis there is stress in MPa. 

These graphs are plotted on the basis of experimental works. The 
main results are shown in the Table 1. 

 

 

Table: 1. Stress-strain property comparison of Steel Wire of 

diameter 7 mm without fretting and with fretting 
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4.SIMULATION BASED ANALYSIS 

4.1. Analysis of Steel Wire (7 mm)- without fretting  

Fig.6. shows the geometric modelling in ANSYS of solid structure 

ABAQUS of steel wire similer to the wire which have been used 

in the experimental analysis i.e. it have lay length of 90 mm and 

diameter of 7 mm. 

 

Fig.6. Geometry modelling of steel wire without fretting (7 

mm) 

Fig.7. shows the meshing of the steel wire after modelling and 

selection of material properties it is next  step in the analysis. 

 

 

Fig. 7. Meshing of without fretting steel wire (7 mm) 

 
 
Fig.8. shows the deformation on steel wire after application of 

tensile force which have been simulted by the software. 

 

Fig.8. Deformation of without fretting steel wire (7 mm) 

Fig.9. shows the Von Mises stress on steel wire after application 

of tensile force which have been presented here after simultion by 

the software. 

 

Fig.9. Von Mises stress on without fretting steel wire (7 mm). 

Fig.10. shows the strain on the steel wire after the application of 
tensile force. 

S.No Wire 

Diameter 

(mm) 

Tensile 

extension 

at Max 

Load 

(mm) 

Modulus 

of 

Elasticity 

(MPa) 

Tensile 

strain at 

Max 

Load 

(%) Wire 

Dia = 

7 mm 

Wire 

Length 

(mm) = 

90 mm 

Max 

Load 

(kN)= 

45.08 

 

Without 

Fretting 

 

10.10 

 

61200.5 

 

13.4 

 

With 

Fretting 

 

7.8 76855.2 

 

9.96 
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Fig.10. Strain on without fretting steel wire (7 mm) 

4.2.With Fretting of steel wire (7mm) 

Fig.11. shows the geometric modelling in ANSYS of frettiing of 

steel wire. Frettiing have been taken here at the between of the 

wire or at the centre length of the wire. 

 

Fig. 11.Geometry modelling of steel wire with fretting (7mm) 

 

Fig. 12.Meshing of steel wire with fretting (7mm) 

 

Fig.12. shows the meshing of steel wire with fretting of 

having 7 mm diameter. 

 

Fig.13. Application of force on steel wire with fretting (7mm) 

Fig.13. shows the application of force on steel wire with 

fretting. 

 

Fig. 14. Deformation of steel wire with fretting (7mm). 

Fig.14. shows the deformation after the simulation of the fretting 

steel wire of 7 mm diameter. 

 

Fig. 15. Analysis of Stress on steel wire with fretting (7mm) 

Fig.15. shows the strees on the fretting steel wire. 
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Fig. 16. Analysis of Strain on steel wire with fretting (7mm) 

Fig.16. shows the simulated result of strain of fretting steel 
wire having 7 mm diameter. 

5. CONCLUSIONS 

1. For steel wire having diameter 7 mm without fretting maximum 

tensile stress ( ) is obtained by experimental results is 

1171.50 (MPa) while by the simulation in ANSYS it is 

obtained as 1109 (MPa).  

2. For the wire with fretting (reduced diameter = 6 mm) maximum 

tensile stress is obtained as 1427.82 (MPa) while by the 

ANSYS it is obtained as 1485 (MPa).  

  3. For steel wire having diameter 7 mm without fretting modulus 

of elasticity (E) is obtained 63289.42 (MPa) by experimental 

results. For the same wire with fretting (reduced diameter = 6 

mm) maximum modulus of elasticity (E) is obtained as 

78854.32 (MPa). 

   So it can be concluded that by the fretting of wire results in 

higher modulus of elasticity (E). 
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