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Abstract- Welding is recognized as an essential technique which 

is used in various industries like automotive industry, 

construction industry as well as in the aviation industry. Hence 

welding mechanical properties are required to be optimized for 

their responses or welding characteristics. For the factorial 

design of the experiment, Taguchi method is used that is an 

appropriate statistical method. Moreover, there are several 

standard methods for evaluating tensile strength of the material, 

it’s necessary to develop new ideas for obtaining tensile strength 

of welding joints. In this present study, the effective way is used 

to evaluate and optimise the welding techniques with better 

tensile strength for Lap Joint. The method opts for analysis of 

Lap welding joint is Taguchi method. Taguchi method is used for 

the purpose of result optimization. ANOVA method is used for 

proper judgement of result along with Taguchi method. The 

stress and deformation is calculated on the ANSYS software. 

Keywords-ANSYS, Joints, Lap joint, Taguchi, Tensile strength, 

welding  

I. INTRODUCTION 

Welding is the most commonly used process for permanent 

joining of machine parts and structures. Welding is a 

fabrication process which joins materials (metals) or 

thermoplastics, by causing blending. In the joining process 

of welding application uses heat or pressure, with or without 

the addition of filler material. Various auxiliary materials, 

e.g. shielding gases, flux or pastes, may be used to make the 

process possible or to make it easier.[1] The energy required 

for welding is supplied from outside sources. Welding is the 

well-defined low temperature metal joining techniques 

including soldering and brazing as welding is permanent 

joining method without melting the base metal.[2]By the 

usage of filler or joining materials, welding process is used 

to melt the base metal as well which is not been possible to 

melt via. usage of brazing and soldering. Heating the parent 

metal to melt it in order to make a joint stronger than the 

own parent metal. Along with this shielding gas is also 

being used to avoid contamination of filler metals.[3]Lap 

joints are the most commonly used adhesive joints.  

They are very easy and simple to make and they can also be 

used with the thin adhere ends. And the adhesive can be 

stressed in its strongest direction. Although, the simple lap 

joints can be offset and the shear forces are not in a proper 

sequence. It can be analyzed from this stress distribution 

curve that major portion of the stress is concentrated at the 

end of the laps. Comparatively low stress is carried out by 

the greater part of the overlap. [4] The load carrying ability 

can be enhanced if the over-lap length is increased by 100%.  

 

 

By increasing the joint width, strength can be increased, 

which is the most effective way here. [5] 

II. LITERATURE REVIEW 

Yupiter H.P. Manurung, et.al[6]In this study, an 

investigation is presented in which FEM is used and the 

experimentation is performed which shows the welding 

sequence effect on the induced angular distortion. In 

SYSWELD 2010, “Multipass Welding Advisor (MWA)” is 

used for modelling the specimen of the combined joint 

geometry and for simulation on the basis of “thermal-

elastic-plastic approach”. In this, as a heat source model, 

Goldak’s double ellipsoid is used and as a specimen 

material, low manganese carbon steel S3355J2G3 is used. 

To validate the simulation results, a series of experiments 

was conducted with two different welding sequences using 

automated welding process, low carbon steel as parent 

metal, digital GMAW power source with premixed 

shielding gas and both-sided clamping technique. 

“Simulation of complex welding process” is not considered 

as the easy task as it requires the interaction of mechanical, 

metallurgical and thermal phenomenon.  

Umang kumar et.al[7] For joining the metals, welding is 

considered as the economical process in this experiment. 

Considerable effect is observed through the process 

parameters on productivity as well as costing. For the 

conveyer pulley, the project work is performed which deals 

with the optimization of welding parameters and minimizing 

the welding time. “Submerge arc welding (SAW) 

technique” is used for welding the conveyer pulley. There 

are several problems of punctures and other several surface 

defects, due to variation in welding parameters. These 

problems can be reduced by optimizing the welding 

parameters. Through this, overall welding time will be 

reduced and productivity will increase by reduction the cost 

of production.  

Feng-yuan SHU,  et.al[8] For narrow gap CMT. “Finite 

element method” model is generally applicable. On the basis 

of interactions in between the filler metal, base metal and 

arc, CMT+P MIX welding were designed. Under the 

conduction of equivalent output, a method for “heat input 

pulses” and “simplifying wire feeding pulses” was 

supposed. The method together with composed double-

ellipse heat sources was included in the model. The model 

was employed in the investigation of thermal cycling and 
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the identification of the softened zone of AA7A52 base 

plates. Low-frequency behaviour emerged in the form of 

low-cooling rate sects, which were not expected under 

experimental conditions. 

M. Islam et.al [9] For determining the optimal arc welding 

process parameters, a welding process design tool is used on 

the basis of Genetic Algorithms (GA), Response Surface 

Method (RSM) as well as Finite Element Method (FEM). 

For the reduction of weld induced distortion, a sequential 

integrated “FEM–RSM–GA framework” is developed in the 

final welded structure. For the investigation of desired 

response, on the basis numerical welding simulations, finite 

element is incorporated. The effect of design variables are 

also investigated without any costly experiments. A lap joint 

fillet weld specimen is used for the demonstration of 

effectiveness of proposed methodology.  

G. D’Urso[10] For the evaluation of effects of temperature 

distribution through friction spot welding process 

parameters, the study is carried out. The effects are also 

studied in mechanical properties, welding forces and 

welding region of the joints. CNC machine tool was used in 

the study to perform the experimentation, through this 

FSSW lap joints are obtained on “AA6060-T6 aluminium 

alloy plates”. During the time of tool plunging, 5 

thermocouples were inserted for the measurement of 

temperature. By varying the process parameters, a set of 

tests was carried out. Following are the process parameters 

such as dwell time, plunging depth, rotational speed and 

axial feed rate. During the time of execution of parameters, 

axial welding forces were measured through piezoelectric 

load cell.  

S. P. Kondapalli et.al[11] For the statistical signification of 

relationship between the input parameters as well as the 

output parameters, “Design of Experiment (DOE)” is an 

experimental or analytical method that is commonly used. 

However, systematic planning, collection and analysis of the 

experiment is also executed. In the field of “science and 

engineering”, DOE is widely used  for process optimization, 

process management and validation tests.  

Hardy Mohrbacher et.al [12]An indeed much more 

powerful approach is to generate synergies between 

innovative manufacturing technology, design and material 

enabling additional weight savings and efficiency gains. 

Laser-based material processing, in particular laser welding, 

offers a wide range of opportunities in this sense. 

Furthermore, hot stamping and roll forming open up new 

possibilities for advanced manufacturing of commercial 

vehicle components. Applications and examples of these 

technologies will be given in terms of producing innovative 

semi-products as well as final components. 

Marcello Lepore et.al [13] In the welded strictures, for 

simulating the 3-d crack propagation, a numerical procedure 

is proposed on the basis of Finite element method. In a 

friction stir welded AA2024-T3 butt joint, cracks are 

introduced which are affected by the “process-induced 

residual stress scenario”. “Thermo-mechanical FEM 

simulation” inferred the residual stress field. In this study, 

material softening properties, elastic plastic material 

properties are taken into considerations which are 

temperature dependent.  

Mohan B. Raut et.al [14]For special purpose MIG welding 

operation, the study is presented for finding out the design 

optimizations. Most important factors in MIG welding 

parameter are productivity, cost of welding and quality. 

Filler wire feed rate on MIG welding, rotational speed of 

work piece, welding speed, gas flow rate, welding current 

and welding voltage are the effects of welding parameters. 

For obtaining the required data, Taguchi method is used in 

the experiment conducted. For finding out the welding 

characteristics, “Orthogonal Array, Signal to Noise (S/N) 

ratio and analysis of variance (ANOVA)” are used. For 

designing the plan of experiment, a special set of predefined 

array is used by Taguchi’s orthogonal design.  

H.Li, P.O’Hara et.al[15]For joining the thin metallic 

sheets, spot welds are used in aerospace as well as 

automotive industries. Propagation of fatigue cracks is the 

basic failure of spot welding which is nucleated around the 

edge of weld nugget. For the prediction of fatigue life, 

fracture mechanics analysis is used which is based on the 

“stress intensity factor”. Fracture mechanics analysis plays 

important role in analysing the durability of vehicles. It 

becomes significant to attain high fidelity SIFs with the spot 

weld edges.  

III. METHODOLOGY 

The methodology opted for the work of welding joint is 

Taguchi method and the software used in the work is Ansys 

software. In order to design the structure and for calculating 

the stress and deformation of material Taguchi method and 

Ansys software are used. 

3.1 Ansys Software 

Ansys software is a dynamic, integrated platform that uses 

finite element analysis (FEA) for structural analysis. Ansys 

provides a dynamic environment that has a complete range 

of analysis tools from preparing geometry for analysis to 

connecting additional physics for even greater fidelity. The 

intuitive and customizable user interface enables engineers 

of all levels to get answers fast and with confidence. Ansys 

Workbench enables robust connection to commercial CAD 

tools, providing click button design point updates. Several 

researches are carried out to find out the varying effect on 

the strength of welded joints. The parameters are loading 

conditions, welding defects, environmental effects and 

mechanical parameters. Maximum results are obtained with 

the help of ANSYS software.[16] 

3.2 Taguchi Method for Product Design and 

Development 

The Taguchi method is a measurable method used to 

enhance the item quality. The Taguchi procedure chooses or 

decides the ideal welding procedure. Taguchi built up an 

extraordinary design of orthogonal arrays to examine the 

whole parameter space with few experiments as it were.  

Through Taguchi method, best results are achieved in 

joining of “Design of Experiments” with optimization of 

control parameters. A set of well-balanced experiments are 

provided by “Orthogonal Array”. “Dr. Taguchi's Signal-to-

Noise ratios (S/N)”, which is a log function of desired 

output; serve as objective functions for “optimization, help 

in data analysis and prediction of optimum results”.[17] 

There are four steps involved in Taguchi Method: 

STEP 1: Identification of the main functions, side effects as 

well as the failure mode. 

STEP 2: Identification of the objective function to be 

optimized through Taguchi method. 

STEP 3: Selection of “orthogonal array matrix experiment”. 

STEP 4: Complete the verification experiment and planning 

of the future action. 
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Figure 1 explains the level of design and number of factors 

to be selected. Then press “OK” tab.  

 

 

Figure1: Taguchi Design 

Figure 2 explains the orthogonal array as L9 and L27 and 

columns to be selected and then press “OK” button. 

 

Figure 2: Representation of Taguchi Design 

Figure 3 explains the assign factors which includes the 

column of the array and the data is entered along with level 

values. 

 

Figure 3: Factors for Taguchi Design 

Welding Design Representation 

Lap welding joint is drawn with the help of software and 

two types of beam are used as IPE300 and HEA200 and 

joined together perpendicularly using software. Lap welding 

joint is presented here in three images, Figure 4.1 showing 

direct joint of beams perpendicularly, Figure 4.2 showing 

curve joint perpendicularly, Figure 4.3 showing rectangular 

joint perpendicularly. 

Representation of Lap welding joint is shown below: 

 

Figure 4.1 Direct perpendicular joint 

Figure 4.2 Direct perpendicular joint with curve 

 
Figure 4.3 Direct perpendicular rectangular joint 

 
Figure 4.4 Direct perpendicular joint 
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Material Property: 

Three different materials as S275 steel, Al6061 aluminum, 

EN8 steel that are joined by Lap welding. The analytical 

setup and procedure opted is Lap welding for these material. 

The joints are designed with the help of Taguchi method and 

Ansys software for stress and deformation interpretation. 

The materials opted for the work is aluminum and steel. And 

their density, young modulus, poisson’s ratio is taken in 

account by using the software and the structural frame work 

of the design is crafted with these characteristics. 

 

Table 1: Table representing Material Property 

 

Material Density 

Kg/m
3 

Young’s 

Modulus (MPa) 

Poisson's 

Ratio 

S275 7850 210x103 0.30 

Al6061 2700 68.9x103 0.33 

EN8 7800 190x103 0.3 

 

Mesh Design Representation 

Analysing the material structure designed with the help of 

Taguchi method. With the help of Taguchi method, lap 

welding joint is studied along with the stress occurred in 

every cross sectional area of material is studied. After the 

analyses, Nodes determined is 784563 and Element 

determined is 468057. 

 

 
  

 
 

Figure 5: Representation of Mesh design 

 

Boundary Condition Representation 

Boundary condition is being represented as the beam which 

is fixed at both of its end perpendicular to the beam force 

128 KN which is applied as seen in the below image. 

 

 
Figure 6: Boundary conditions are represented 

 

ANOVA METHOD FOR DATA SETUP 

In statistics, ANOVA is used as an analytical tool which 

splits the observed variability in two equal parts. The two 

parts are random factor and systematic factor. On the given 

data set, systematic factor have statistical influence on it, 

while the random do not have any statistical influence. For 

determining the influence of independent variable upon the 

dependent variable, ANOVA test is widely used by the 

analysts.  

Calculation of S/N Ratio: 

The table given below represents the responses of average 

values of input parameter setting. The responses of the three 

parameters are calculated by signal-to-noise ratio. Smallest 

values of stress will indicate the better performance of 

welding. 

Table 2: Table representing S/N Calculation Ratio: 

Cas

e 

Desi

gn 

Forc

e 

Materi

al 

Stress 

(MPa) 

Defor

mation 

(mm) 

S/N 

Ratio 

1 D1 108 S275 310.95 4.62 -

49.8538 

2 D1 128 Al6061 362.45 16.87 -51.185 

3 D1 148 E8 368.54 6.05 -

51.3297 

4 D2 108 Al6061 253.48 14.22 -

48.0789 

5 D2 128 E8 296.28 6.05 -49.434 

6 D2 148 S275 342.58 6.33 -

50.6952 

7 D3 108 E8 283.48 6.54 -

49.0504 

8 D3 128 S275 335.98 7.02 -

50.5263 

9 D3 148 Al6061 388.47 8.97 -

51.7871 

Rank Table: 

Smaller rank will give better response within the design, 

force and material opted for the analytical work of material 

by using taguchi and Ansys software.  

Table 3: Table representing response 

Level Design Force Material 

1 -50.79 -48.99 -50.36 

2 -49.40 -50.38 -50.35 
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3 -50.45 -51.27 -49.24 

Delta 1.39 2.28 0.42 

Rank 2 1 3 

 

S/N Ratio Graph: 

Smaller the S/N ratio better is the quality characteristic for 

the stress. The response of S/N ratio with respect to design, 

force and materialgives the graph data input showing 

smaller value of s/n graph, and the design, force and 

material are more effective.  

 

 
 

Figure 7: Main effects of plot for SN ratios 

 

Figure shows variation of S/N ratio with respect to the 

design, force and material.  

Result Validation: 

Equivalent Stress:Equivalent stress is used when there is a 

multi-axial stress state with multiple stress components 

acting at the same time in the structure. In such casesvon-

mises stress is considered while drawing the structure of the 

material component. 

In the figure given below, the result of Case 10 is shown. 

The result shows the maximum 249.99MPa as well as 

minimum value 0.0019633MPa of equivalent stress.  

 

 
Figure 8: Equivalent Stress 

 

Total Deformation: Deformation results are generally 

observed in ANSYS Work Bench as total deformation or 

directional deformation. Both of them are used to obtain 

displacements from stresses. 

In the figure given below, the result of Case 10 is shown. 

The result shows the maximum 5.1108mm as well as 

minimum “0”mm value of total deformation.  

 
Figure 9: Total deformation 

Stress Comparison: 

Stress value is compared with the cases taken to evaluate the 

result with the help of ANSYS software and the graph is 

plotted between stress and cases and it was observed from 

the graph that smaller peak shows better material. 

Stress v/s Cases: 

The graph shown below represents the value of stress in 

particular cases from Case 1 to Case 10. In case 9, the 

maximum value of stress is observed and Case 10shows the 

minimum value for stress. 

 
Figure 10: Graphical representation of Stress v/s Cases 

 

Deformation v/s Cases: 

The graph shown below represents the value of deformation 

in particular cases from Case 1 to Case 10. In case 2, the 

maximum value of deformation is observed and Case 1 

shows the minimum value for deformation. 

 
 

Figure 11: Graphical representation of Deformation v/s 
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ANOVA Method for Analysis: 

Anova software is used to analyze the degree of freedom, F- 

value, P- value and contribution of source material as of 

design that contributes 26.31%, force contributes 68.37%, 

material contributes 3.61% and error contributes for about 

1.71% 

 

Table 4: Table representing ANOVA Analysis: 

 

Source DF Contribution F-Value P-

Value 

Design 2 26.31% 15.35 0.061 

Force 2 68.37% 39.89 0.024 

Material 2 3.61% 2.11 0.322 

Error 2 1.71% --- --- 

Total 8 100.00% --- --- 

IV. CONCLUSION 

The finite element analysis is used in this work to evaluate 

the deformation breaking stress of welding joint to restrict 

the welding failure (using low carbon steel as a base metal 

and copper filler material). Static stress analysis performed 

on the welding under tensile load revealed the maximum 

von-misses stress with respect to the gap between parent 

plates using ANSYS.The design and analysis of welded lap 

joint has been done successfully. 

 By applying Finite element analysis (ANSYS), the 

duration of experimentation can be reduced. 

 The processing quality can be enhanced by using 

Taguchi method and the processing variations can be 

reduced. 

 After applying Taguchi method it was observed that 

Force is placed at first rank, Design at second and 

Material at third. 

 The efficiency of optimization process can be enhanced 

by using taguchi method.  

 For obtaining better result, Force of level 1, Design of 

Level 2 and material of level 3 is taken. 

 The lowest stress value is achieved which is 249.99 

Mpa and the corresponding deformation value is 5.11 

mm after applying the above shown combinations. 

 ANOVA analysis show that Contribution of Design is 

26.31%, contribution of force is 68.37% and 

contribution of material is 3.61%. 
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