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Introduction

Wire rope is a type of multi-layer space coil structure. It consists of a central strand and several outer strands, It is suitable for structures with large curvatures because of its low weight, high carrying capacity and stability during its service life. It is widely used in various engineering structures, especially in long-span space structures such as tensile structures. Experience with a number of cable structures constructed from wire rope or synthetic fibers has shown that their possible failure is characterized by changes in tensile stiffness as a function of time, consequently, by excessive deflections of the structures due to the increase in the length of the cable elements subjected to creep. Thus, it is necessary to be accurate in the prediction of creep deformations because the size of creep deformations can significantly influence the total deformation of the ropes as well as the actual behavior of the rope structures [START_REF] Ivanco | Finite element simulation of creep of spiral strands[END_REF]. Wire ropes are characterized by complex constructions. They are usually made by winding numerous strands helically and symmetrically around a straight central core in single or multiple layers. The majority of them are constructed of high carbon steel. Ropes are made of steel wires and in most instances textile parts. Some ropes are constructed entirely of metal. Numerical simulation such as finite element analysis, being a nondestructive method, was the next logical step in rope behavior studies. The aim of our work is to optimize the thermal and mechanical effects on wire ropes, the diameter and pitch of the wire ropes are constants for three different materials: aluminum, copper and steel, the numerical computations are performed with the ANSYS-FEA software [START_REF] Song | Dynamic simulation and optimization of clamping mechanism of online tension testing machine for wire ropes[END_REF]. To enhance the usual experimental procedures, a more powerful approach called the Taguchi method was created by Dr. Genichi Taguchi [START_REF] Matejic | Determination of the most influential factor during the rope winding process around winch drums using Taguchi method[END_REF], a researcher at the Electronic Control Laboratory in Japan, in the 1960s.Taguchi used Ronald Fisher's experimental ideas, improving them to make them more accessible to a wider audience. The use of this technology in electronics, automobiles, and various other sectors has been a major component of the rapid growth of the industrial sector. For example, G. Taguchi's contribution to the quality loss function [START_REF] Asep | Quality Control of the Steel Wire Rod Product by Integration Lean Six Sigma and Taguchi Method[END_REF], orthogonal arrays, line graphs, and resilience has been recognized in the quality field. Finite element calculations revealed that both types of strands exposed to axial tensile and torsional loads exhibit global nonlinear behaviors [START_REF] Jikal | Effect of Parameters on the Mechanical Behavior of Core Strands: Experimental, Numerical and Statistical Study[END_REF], and that the effect of temperature and friction between surfaces causes a non-uniform thermo-mechanical stress distribution [START_REF] Peng | The friction and wear properties of steel wire rope sliding against itself under impact load[END_REF]. The purpose of this work is to study and optimize the impact of wire rope production factors on the failure stress behavior with various configurations. In addition, the ideal parameters of these strands were established using the Taguchi technique and an analysis of variance (ANOVA).

Materials and Geometric model of strands

We have selected a geometrical model of a 19x7 wire rope that indicates the number of strands in the rope with a non-rotating structure; (1x7 + 6x7 + 12x7) number of strands per strand [START_REF]Corrosion influence on lifetime prediction to determine the Wöhler curves of outer layer strand of a steel wire rope[END_REF], considering that all the strands have the same length 200mm, same diameter 1.9mm, and same Poisson's ratio 0.3. A solid segment with a circular outline is allocated to each wire. This program specified the material properties, generated a finite element mesh, applied loads, defined contacts, and solved and obtained the necessary output data. The finite element used for meshing all the models analyzed was a brick solid element used in 3D solid structure modeling as the default element as seen in Figure 2. This is a 3D solid element of order greater than 20 nodes that exhibits quadratic motion behavior. It is defined by 20 nodes with three degrees of freedom per node, with a mesh pitch of approximately 1.9 mm. Surface-to-surface contact with a friction coefficient of (0.2-0.3-0.4) is a temperature flow (0°-25°-50°)is used to describe the contact conditions between the wire surfaces. 

Optimization of manufacturing parameters by Taguchi's method

We chose the parameters that have the biggest influence, the pitch and diameter, as well as the Young's modulus, [START_REF] Gopichand | OPTIMIZATION OF DESIGN PARAMETERS FOR CRANE HOOK USING TAGUCHI METHOD[END_REF] based on the orthogonal table, a combination of mixed levels with a network of L27 combinations of 27 trials (3 levels and 3 variables). The L27 orthogonal network is subjected to a Taguchi analysis in order to optimize the failure stress, with the assumption that bigger is better. The ideal combination of input parameters is found by taking into account the maximum points in the plot for different parameters, and the optimal circumstances are output from the primary effect's plots of the S/N ratio. The following are the findings acquired and plotted using Minitab (ANOVA). [START_REF] Matejic | Determination of the most influential factor during the rope winding process around winch drums using Taguchi method[END_REF] The S/N analysis considers how the characteristic performance is measured, namely "higher is better"(μ H ) and "lower is better"(μ L ). The S/N ratio used in this study is based on failure stress data, with greater being better [START_REF] El Khalidi | Nickel oxide optimization using Taguchi design for hydrogen detection[END_REF]:

𝜇 𝐻 = -10 log (1/𝑛 ∑ ( 1 𝑌 𝑛 ) 2 𝑛 𝑖=1 ) ( 1 
)
where Y is the number of replies in the factor level combination and n is the number of responses for the specified factor level combination. 

the variance of contribution analysis

In generally, the variance contribution is studied in the case where the distribution parameters of the inputs are accurately given. However, if the distribution parameters vary, this can give rise to considerable changes in the variance contributions. [START_REF] Balaram Naik | Optimization of tensile strength in TIG welding using the Taguchi method and analysis of variance (ANOVA)[END_REF] This means that analysts need to obtain accurate distribution parameters or at least reduce their uncertainties. In principle, by collecting information on these influential distribution parameters, the uncertainties of the distribution parameters can be reduced and the results of variance-based sensitivity indices can be much more reliable. The method of variancebased sensitivity indices developed by Sobol is based on the ANOVA decomposition and has the following unique decomposition:

𝑔(𝑋) = 𝑔 0 + ∑ 𝑔 𝑖 (𝑋 𝑖 ) 𝑛 𝑖=1 + ∑ 𝑔 𝑖𝑗 (𝑋 𝑖 , 𝑋 𝑗 ) 1≤𝑖<𝑗≤𝑛 + •••••••••••••••• +𝑔 1,2,•••••••,𝑛 (𝑋 1 , 𝑋 2 ,••••••••••••, 𝑋 𝑛 ) (2)
The variance of the output variable can therefore be shown as : the variance and contribution of each factor on the response of the variable. The ANOVA has the ability to give information on certain statistical parameters, such as the sum of squares, variance, contribution and F-variance ratio [START_REF] Fatoba | Optimization of Carburized UNS G10170 Steel Process Parameters Using Taguchi Approach and Response Surface Model[END_REF]. The table 2 gives a summary of the values of these parameters for each factor. The statistical parameters that are obtained from different equations have been written by other groups .

𝑉 = ∑ 𝑉 𝑖 𝑛 𝑖=1 + ∑ 𝑉 𝑖𝑗 1≤𝑖<𝑗≤𝑛 +••••••••••••••••••• +𝑉 1,2,•••••••••,𝑛 (3) 

the variance of contribution result

The table and figure show that Young's modulus (Factor 1) has a significant effect on the breaking stress for wire ropes followed by Friction (Factor 2) which has a relative effect, while the Temperature (Factor 3) has a very small influence. The contribution error is equal to 3.29%, the variance ratio F of Young's modulus is 79.896 which has a higher influence, followed by the Friction with a variance ratio-F =10.415 to arrive at the Temperature F=4.215.

Conclusions

The effect of characteristics such as material type, temperature, and friction on the mechanical behavior of the cables can be determined by combining the design of experiments (DOE) and the finite element method (FEM). In addition, the best parameters are found using a Taguchi design of experiments. With an L-shaped orthogonal network, the effect of optimal circumstances on the failure stress was investigated. Three factors were varied on three levels. The failure stress was used as the basis for the confirmatory S/N test. The Taguchi approach used in this study aims to increase the quality of wire ropes while reducing manufacturing costs. ANOVA has the ability to provide information on some statistical parameters, such as sum of squares, contribution variance and Fvariance ratio =10.415.
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 1 Figure 1:(a) the single-strand (17) and (b) the two-layered strand (119).
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  Results and discussions 3.1. Finite Element analysis of failure stresses ANSYS software Explicit Finite Element the geometric model the 3D model of the wire rope is established in CATIA and imported into Ansys Workbench. The wires of the strands are made of the same material and have a Poisson's ratio of 0.3.
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 2 Figure 2: Finite Element Mesh
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 3 Figure 3:Mains of S/N ratio for Failure stress
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 24 Figure 4:Graph of the contribution (%) according to the factors used for the failure stress
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	Symbol	Parameters		Means S/N ratios		Optimal
						parameters
			Level 1 Level 2 Level 3	
	A	Young's modulus	70	120	200	𝐴 3
	B	Friction	0.2	0.3	0.4	B1
	C	Temperature	0°	25°	50°	C2
		Tableau 1:Factors and levels of Cables		

is an extension of Fig 3 it represents the calculated average S/N ratio and the optimal parameters to realize high performance metallic cables according to the Signal/Noise failure stress: the larger is better
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