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ABSTRACT

Residual stress and welding deformation have a detrimental impact on assembly accuracy and service performance. Methods like
"inherent strain finite element analysis™ and "thermal elastic plastic" are utilized to analyze the problem. Due to a greater temperature
during the welding process, unwanted residual stresses are created in the welding zone. Weld distortion is the outcome of this. The
main issue with temperature distribution measuring in previous decades. Thermo mechanical analysis is the most well-known method
for analyzing and simulating temperature distribution. Additionally, it is utilized to research and model residual stresses and welding
distortions in the "weld zone." To accomplish the study goal, an equipment design based on Taguchi's approach was employed to test
the welding properties.

Keywords: stress optimization, deformation , lap joint, taguchi method.

1. INTRODUCTION

Welding is the process of fusing metals together under heat and pressure, with or without filler, to create coal ash. Permanent joints
are made through welding. Many industries, including the shipbuilding industry, the oil and petroleum industry, and the automobile
industry, use welding. Electric current between both the electrode and also the work helps to create the arc. And "arc welding" is the
term used to describe the process of heating the metal until it melts. There are two types of electrodes that can be used in it:
consumable and non-consumable. The flux serves as a shield for the weld metal to protect it from atmospheric gases. Both manual and
automated procedures are available. The first arc welding technology was created in the 19th century, and it was commercialized
during the Second World War.

According to the AWS, the following are the five most prevalent kinds of fundamental welding joints-

i. Butt joint

ii. Tee joint

iii. Corner joint
iv Lap joint

v. Edge joint
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FIG. 1. DIFFERENT TYPES OF WELD JOINTS
1.1 LAP JOINT

The "lap welding joint" is a modified variation of the "butt joint." Typically, lap wilding joints are formed by overlapping two metal
components. Generally, lap joint welding is used to join two components of varying thicknesses. One or both of an object's sides may
be welded. In general, lap joints are used for thin materials and are seldom employed for thicker materials. The most common use for
lap joint welding is sheet metal. Lamellar tearing and corrosion are potential drawbacks of the different kinds of Lap Joint Welding.
On the other hand, such drawbacks may be avoided by using the appropriate strategy and adjusting variables as required.

2. STRESS OPTIMIZATION IN WELDING JOINTS

Residual stresses are stresses formed during manufacturing processes such as cutting, cold work, welding, grinding, and shot peening,
among others. Residual tensile stresses on surfaces are typically undesirable because they diminish fatigue resistance. However,
compressive surface tensions boost fatigue resistance. Welding-related stresses are of utmost importance and may be the primary
cause of component failure. Optimizing process parameters is one method for achieving the target component quality. Using the Finite
Element Method (FEM) and machine learning approaches, AM process parameters are evaluated and optimized. Machine Learning is
based on large volumes of data, while FEM needs specialized knowledge.

3. DEFORMATION IN WELDING JOINTS

Welding deformations are directly attributable to the contraction of the welded metals during hardening and cooling. The base
material inhibits a welded metal from contracting, resulting in the production of tensile tension. In ANSYS Work Bench, deformation
data are often shown as either total deformation or directional deformation. Both are used to calculate displacements from stresses.

4 TAGUCHI METHOD FOR PRODUCT DESIGN AND DEVELOPMENT

The Taguchi technique is a quantifiable strategy for improving item quality. The Taguchi process selects or determines the best
welding technique. Taguchi devised an amazing design of orthogonal arrays to investigate the whole parameter space with few tests.
The Taguchi approach achieves the greatest results by combining "Design of Experiments" with optimization of control settings.
"Orthogonal Array" provides a series of well-balanced tests. "Dr. Taguchi's Signal-to-Noise ratios (S/N)", which is a log function of
desired output; serve as objective functions for "optimization, aid in data analysis and prediction of optimal outcomes".
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5. LITERATURE REVIEW

LOUREIRO et al. [1] In recent years, a number of academics have worked diligently to advance our understanding of the behavior of
steel joints. Special efforts have been taken to acquire the stiffness of the various components of the joints, with the intention of
incorporating this stiffness into the EC3 component technique. However, the component technique has significant limits; hence it is
required to create other ways for determining the joint stiffness. In this paper, an alternate approach for determining the stiffness of
externally welded 2D haunched joints is described. The authors provide the results of four experiments with their respective finite
element models. In relation to the stiffening of the column web, four different types of joints have been evaluated. In addition, finite
element models of the joints have been created and calibrated according to the test findings. The condensed stiffness matrices of the
joints have been retrieved and evaluated by inserting them into the global analysis of four frames and comparing the resultant findings
to those recovered from the respective finite element models. The usage of the con- dense matrix of the joints yields excellent results
and accounts for all interactions between the joint's many degrees of freedom.

DANIEL DAS et al. [2] investigation, he found the rotating speed of the tool as the most influential factor in developing stronger
joints. In general, AA 7075 is determined to be an unfabricated metal, and the parent metal cannot be fused using fusion welding. The
chemical makeup of AA 7075 was 0.4% Si, 1.6% Cu, 0.6% Fe, 0.25% Cr, 0.1% Ti, while the remainder was made up of aluminum.
The chemical composition of AA 6063 was 1.38 percent Si, 0.64 percent Cu, 0.98 percent Fe, 0.63 percent Zn, 0.49 percent Ti, and
the remainder was aluminum. The ranking procedure reveals that, of the three characteristics that generate successful weld joints, the
Feed rate was the most persuasive. According to the levels, the feed rate is 162.8 mm/min at the first level, 153.8 mm/min at the
second level, and 144.7 mm/min at the third level. At feed rate, the delta value was around 18.1. Since the welding speed is now in
second place, its maximum value (159.8 mm/min) has reached level 3. Maximum data mean tool rotational speed values were 154.6
rpm. Comparatively, the feed rate was the most persuasive variable. The SN ratio figures indicate that, of the three criteria that
generate efficient weld joints, the Feed rate was the most compelling. According to the levels, the feed rate is 44.23 mm/min at the
first level, 43.73 mm/min at the second level, and 43.21 mm/min at the third level.

MANDEEP SINGH et al. [3] the supplied gas is ionized to create an arc between the electrode and the work piece, resulting in a
smooth welding process. Continuous welding results in a greater rate of metal deposition as well as a rapid welding rate. The work
piece is linked to negative polarity while the filler wire is attached to positive polarity. R.A. Fisher introduced the DOE approach in
1920. It is mostly used to examine the simultaneous impact of many factors. The partnership of DOE and Taguchi proved effective in
achieving the necessary optimization. DOR is also effective for combining components at diverse levels, each with its own range,
while achieving little variance around the optimal outcomes. MIG welding process parameters include welding current, voltage, gas
flow rate, wire feed rate, electrode diameter, etc., with welding current and voltage being the most relevant. They influence the quality
of the weld in terms of mechanical qualities and the geometry of the weld bead. The welding current is proportional to the penetration
depth. The Taguchi technique is a powerful instrument for enhancing the output response during research and development, resulting
in the production of higher-quality goods with less time and expense.

H.Li et al. [4] Spot welds are widely used in the automotive and aerospace sectors to combine thin metallic sheets. The primary
failure mechanism of spot welds is the propagation of fatigue fractures that begin at the edge of the weld nugget. Fracture mechanics
analysis based on stress intensity factors (SIFs) has been implemented to forecast the fatigue life of spot welds, which play a
significant role in the durability of vehicles. It is consequently essential to produce SIFs with a high degree of fidelity in addition to
spot-welded edges. Dealing with a realistic industrial-scale structure with thousands of spot welds is made more difficult by a variety
of reasons, including a greater number of welds, disparity between structural welds, complicated geometries, and load scenarios. The
assessment of stress intensity factors with high precision depends on discretization methods that provide high-quality solutions and
robust extraction techniques that can calculate correct SIFs from the solutions. In this study, the Displacement correlation technique
(DCM) is used. It establishes a direct relationship between stress intensity variables at the fracture front and the displacement leap
over a crack surface.

STALIN et al. [5] Welding technology is one of the manufacturing engineering prospects with the highest growth rate. Without
welding, several construction, erecting, shipbuilding, and bodybuilding projects are now impossible. Despite the fact that welding
technology has many great characteristics, there are certain unfavorable characteristics that must be considered for this project. If the
bad characteristics of welding technique were remedied, many dangers and accidents may be avoided. Numerous welders are unable
to determine the precise loading and boundary conditions for the weld that is to be made employing design of experiment (DOE).
Therefore, incorrect welding and a lack of information about the appropriate welding settings have resulted in several accidents. This
study discusses the analytical response techniques of lap joint weld in terms of the lowest and maximum loading parameters. This
must be built in order to establish the boundary condition of mechanical parameters with regard to the weld.
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ASIF AHMAD et al. [6] a well-known welding method for "ferrous and non-ferrous" materials is "tungsten inert gas welding."
"Stainless steel grade 3HQ (S30430)" is a specialty wire grade used in the production of stainless steel. For heading use, it has
supplanted Grades 384 and 305. As a consequence, its tensile strength is even greater than at cryogenic temperatures. On the basis of
Taguchi's design of experiments (DOE), tests were done and a mathematical model was built utilizing characteristics such as voltage,
depth, current, and speed. In order to conduct an experiment for data collecting, the following steps are taken: Selecting the base
material and filler, Selecting welding process parameters for pulsed TIG, Identifying the maximum and lower limits of the established
process parameters, Choose the proper orthogonal array, Experiments conducted in accordance with the specified orthogonal array,
Determine the ideal state. Rank 1 is awarded to the GRG with the highest rank. Comparing the findings from the Taguchi and
Generalized Regression Analysis (GRA) methods, it has been shown that the welding current is the most influential parameter on the
performance characteristics, followed by welding speed and welding voltage. In Taguchi studies, the S/N ratios should always be
maximized, and the means were maximum when the current was 160Amp, the voltage was 25 Volts, and the welding speed was 165
mm/min.

MARCELLO LEPORE et al. [7] paper, a numerical method based on the finite element method is suggested to simulate the
propagation of numerous three-dimensional cracks in a welded structure. A process-induced residual stress scenario results in the
formation of cracks in an AA2024-T3 friction stir welded butt joint. A thermo-mechanical FEM simulation of the process was used to
infer the residual stress field, taking into account temperature-dependent elastic-plastic material characteristics, material softening, and
isotropic hardening. After introducing cracks in the designated region of the FEM computational domain, stress redistribution and
fatigue crack development are possible. The suggested method has been verified by comparison with numerical results given by a
published combined FEM-DBEM process. In environment DBEM, the residual stresses computed in environment FEM for the
uncracked model are imported, converted to Cauchy stresses, and applied as tractions to each node of the crack faces elements. At
each mesh point in the BEASY model, the closest FE element is detected and its local coordinates are pinpointed. The FE stress values
(displacement or stress) are calculated via an interpolation in the element.

S. KANNAN et al. [8] estimate the different welding parameters, including tool rotation speed (rpm), tube projection (mm), and depth
of cut (mm), using the Taguchi L9 orthogonal array. In examining this experiment, the two circumstances were investigated; condition
1 is a flat plate with a simple tube Condition 2 is a flat plate with a plane tube that contains holes on its circle. With openings [WH]
Taguchi L9 orthogonal array was used to identify the most influential control elements that would result in increased joint strength. In
addition, using statistical Analysis of variance, the most relevant process parameter was identified (ANOVA). Finally, a comparison
of each condition's results by means of contribution percentage and regression analysis has been conducted. The generic regression
equation is constructed, improved strength is produced, and the equation is tested using confirmation test. It was determined that the
best weld joint strength values for tubes with and without holes are 319.485 MPa and 264.825 MPa, respectively. The purpose of the
compression test is to measure the joint strength of the FWTPET process for commercial aluminum tube and Al 2025 tube plate. This
different material is subjected to a compressive force, revealing their linear relationship between stress and strain. The computerized
compression testing equipment is used to determine the joint strength of this welded piece of work.

S. P. KONDAPALLLI et al. [9] Design of Experiment (DOE) is an experimental or analytical approach often used to statistically
represent the link between input parameters and output responses, including the methodical design, collecting, and analysis of data.
DOE has several uses, particularly in the fields of science and engineering for process optimization and development, process
management, and validation testing. Using analytical methods such as ANOVA and regression analysis, a mathematical model
depicting the connection between the input parameters and the output responses has been built. Response Surface Methodology
(RSM) with Central Composite Design (CCD), Taguchi's approach, and Factorial Design are among the most widely utilized DOE
methodologies. Taguchi established a three-step procedure for the engineering optimization of a process or product: system design,
parameter design, and tolerance design. In system design, the engineer combines scientific and technical expertise to create a workable
prototype of a fundamental design. Taguchi's primary advantage is that it concentrates on "mean performance characteristic" values
that are near to the aim, as opposed to values that have specific boundaries. In addition, Taguchi's technique for experimental design is
basic and practical to employ in a variety of engineering scenarios, making it a strong but straightforward instrument. It may be used
to rapidly reduce the focus of a research.

HARDY MOHRBACHER et al. [10] Indeed, a far more effective strategy is to create synergies between novel manufacturing
technology, design, and materials, so allowing substantial weight reductions and efficiency increases. In this regard, laser-based
material processing, including laser welding, provides a vast array of potential. In addition, hot stamping and roll forming provide new
opportunities for the production of commercial vehicle components. Examples and applications of these technologies will be provided
in terms of the production of new semi-products and final components. The majority of truck cabin components are fabricated from
cold-rolled steel sheet. Certain crash energy-absorption components are constructed of dual-phase steel with a tensile strength of 590
MPa. Utilizing DP steel with 780 MPa tensile strength as well as complex phase (CP) and hot stamping steels allows for further
weight reduction and improvement of crash resistance. Compared to automobile bodywork, truck cabin components are often
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significantly larger. During the creation of these high-strength steel grades, special attention was made to adapting certain qualities so
that they would be compatible with the following manufacturing procedures used in vehicle construction. This relates specifically to
formability and welding capability. When bend ability and flange ability are the predominant forming modes, fine-grained steels with
a homogeneous (single phase) microstructure are the optimal material. For high-strength steels with excellent draw ability, steels with
fine-grained multiphase microstructure are the best solution. Priority is placed on low carbon content (rather than low carbon
equivalent) for optimal weld ability, and the carbon concentration should ideally stay below 0:1%.study or to uncover flaws in an
existing manufacturing process.

6. RESEARCH GAP IN REVIEW

Unsolved issues in the study constitute a research gap. A research gap contributes to the viability of research; it informs the reader and
others in the field to an area of study that needs attention. This literature study demonstrates that FEM is applicable to various welding
joints. From the aforementioned evaluations, it is clear that several researchers use the Taguchi approach. The Taguchi technique is
used to construct experiments to determine how various factors influence the mean and standard deviation of a process performance
characteristic that characterizes how well the process functions. We've also employed the Taguchi approach to make our process
simple and dependable. The research gap identified by the literature review will be accounted for in this study.

7. CONCLUSIONS

It is clear from the preceding experiments that other materials such as S275, AL6061, and EN8 were not employed in previous
investigations. As a result, these materials are utilized in our research for externally welded lap haunched joints. The design is adjusted
for future study by altering the length of the External welded Lap haunched joints. The impact of force has not been examined in prior
investigations. As a result, an examination of the influence of force in External welded Lap haunched joints may be carried out. The
Finite Element Method will be utilized to analyze the value of stress and deformation in externally welded lap haunched joints.
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