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ABSTRACT 

Modern manufacturers, seeking to remain competitive in the market, rely on their manufacturing 

engineers and production personnel to quickly and effectively set up manufacturing processes for 

new products. Taguchi Parameter Design is a powerful and efficient method for optimizing 

quality and performance output of manufacturing processes, thus a powerful tool for meeting this 

challenge. This thesis discusses an investigation into the use of Taguchi Parameter Design for 

optimizing surface roughness generated by a conventional lathe. Control parameters being 

consider in this thesis are spindle speed, feed rate and depth of cut. After experimentally turning 

sample work pieces using the selected orthogonal array and parameters, this study expected to 

produce an optimum combination of controlled parameter for the surface roughness. 

INTRODUCTION 

MIG welding which is an abbreviation for Metal Inert Gas Welding is a process where 

coalescence is produce by an arc produced between an electrode which is consumable in nature 

and the workpiece. The arc formed between the consumable electrode and workpiece is shielded 

by an inert gas to protect it from the contamination caused by the atmospheric gases like oxygen 

and nitrogen. That is why it is also called Gas Metal Arc Welding. Inert gases argon, helium or 

an argon-helium mixture are used for shielding. In the MIG welding no filler material is 

necessary as the metallic electrode provides the arc as well as filler material. Determination of 

optimum values of parameters is an area of great interest for the researchers, engineers and 

manufacturing companies as these parameters play an important role in weld strength and 

quality. The weld parameters like welding current, welding voltage and welding speed have great 

impact on the process and their optimum value should be estimated to maximize the quality of 
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the weld.  

Automotive repair is known as one of the most seen applications of MIG welding procedure. No 

matter the size of the vehicle, the repairs can be done in small, medium and even large 

automobiles. A big plus point for MIG welding is that it can provide robust and sturdy welds up 

to the 0.5mm mark. It is renowned for providing useful and efficient welds that can be done in 

various projects. Especially in the automotive industry. The MIG welding has opened up new 

doors of opportunities. 

The most expensive welding gear out of the whole MIOG welding procedure is the MIG welding 

unit alone. Some versatile operations can be done through this unit. The MIG welding units can 

also be inaugurated in robotics to ensure much faster services. MIG welding is very much needed 

in pipe welds. It provides a much better choice when it comes to cost saving and time spent. 

Between the track based robotics vs. a man on the assembly line, the choice is pretty simple. 

MIG welding can be used to institute hard facing, or it can even be used to reinforce the surface 

of a worn-out railroad track. It can be difficult to join metals of different types, but by choosing 

the correct filler wire, you can achieve it over time. Always put on your helmet every time, as 

a safety precaution. Compared to the other welding techniques mentioned previously, the MIG 

welding is a much bigger jump in the welding technology. At the starting point, MIG welding 

was much more expensive and rarely used. The cost of gas put many setbacks in MIG welding. 

As time passed, firms started inventing newer ways that can be a substitute of carbon dioxide. 

The MIG welding shines on different types of materials. An individual gas that is a good match 

for a particular material might not be perfect for another. The argon CO2 is used in titanium, 

aluminum, mild steel and alloy metals. Helium is most effective with titanium and steel 

(regarding quick process), copper and stainless steel. The Carbon dioxide is used when it comes 

to welding carbon and low alloy steels. Other alloys such as magnesium cast iron are used too. 

Advantages and Disadvantages: 

Advantages: 

 It provide higher deposition rate. 

 It is faster comparing to arc welding because it supply filler material continuously. 

 It produce clean weld with better quality. 

 There is no slag formation. 

 Minimize weld defects. 
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 This welding produces very little slag. 

 It can be used to make deep groove weld. 

 It can be easily automated. 

Disadvantages: 

 It cannot be used for welding in difficult to reach portions. 

 Higher initial or setup cost. 

 It cannot be used for outdoor work because wind can cause damage of gas shield. 

 It required high skilled labor. 

 

LITERATURE REVIEW 

This literature review explores the dominant themes includes study and research of published 

materials like journals, thesis, case study, technical document, and online library. Generally, the 

purpose of a review is to analyze critical segment of a published body of knowledge through 

summary, classification and comparison of prior research studies, reviews of literature, and 

theoretical articles. This chapter will describe topics that related to MIG welding. 

 
Saluja and Moeed [1] adopted the factorial design approach to examine the Metal Inert Gas 

welding variables (viz. current of welding, welding speed, and welding arc voltage and stick-out 

distance of electrode) on aluminum by measuring geometry of weld bead and penetration of 

weld. For sound quality bead width, bead penetration and weld reinforcement on butt joint was 

investigated by the development of a mathematical model. The welding current was found to be 

the most influencing parameter on the weld geometry. 

 

Haragopal and Ravindra Reddy [2] studied the effect of pressure of gas, current, angle of 

groove and preheat on MIG welding of Al- 65032 by Taguchi method. The current of welding 

was found to influence the ultimate tensile strength. The significant variables for proof stress, 

elongation and impact energy is found to be the pressure of gas. 

 

Saxena et al. [3] examined the influence of MIG welding parameters on tensile strength of AM-

40 (EN AW5083) aluminum alloy using Taguchi technique. Welding current and welding 

voltage are influencing the tensile strength of welded joint. 
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Chandresh  N.[4]. Patel used Full factorial method for Design of Experiment for optimization 

work. By use of the experimental data optimal process parameter combination was achieved by 

grey relational analysis (GRA) optimization technique. In this work, input parameters for MIG 

welding were welding current, wire diameter and wire feed rate and the output parameter is 

hardness. Also the input parameters for TIG welding are welding current, wire diameter and the 

output parameter was hardness. 

 

Pawan kumar, Dr.B.K.Roy [5]was worked carried out on plate welds AISI 304 & Low Carbon 

Steel plates using gas metal arc welding (GMAW) process. Taguchi method is used to formulate 

the experimental design. Design of experiments using orthogonal array is employed to develop 

the weldments. The input process variables considered here include welding current, welding 

voltage & gas flow rate. 

 

K Abbasi et al. [6] Studied the effect of MIG welding parameters on the weld bead and shape 

factor characteristic of bright drawn mild steel specimen. They uses input parameter of welding 

current, arc voltage, welding speed, heat input rate and studied effect on depth of penetration and 

weld width. 

 

Ajit Hooda et al. [7] developed a response surface model to predict tensile strength of inert gas 

metal arc welded AISI 1040 medium carbon steel joints. The process input parameters chosen as 

welding voltage, current, and wire speed and gas flow rate. They applied Response Surface 

Methodology (RSM) to optimizing the MIG welding process parameters to attain the maximum 

yield strength of the joint. 

 

Vikas Chauhan et al. [8] have optimized process parameters of MIG welding for Stainless Steel 

(SS-304) and low carbon steel using Taguchi design method. Three parameters of MIG welding 

viz. current, voltage and travel speed were taken for the analysis. The analysis for signalto-noise 

ratio was done for higher-the-better quality characteristics. 

 

Dinesh Mohan Arya et al. [9] have performed the optimization process parameters for Metal 
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Inert Gas (MIG) Welding. This paper presented the influence of welding parameters like wire 

diameter, welding current, arc voltage, welding speed and gas flow rate optimization based on 

bead geometry of welding joint. 

 

S R.Chikhale et al [10] predicted the mechanical properties of Al Alloy 6061-T6 by metal inert 

gas welding and they consider the welding current, arc voltage and wire feed speed as welding 

parameters and finally they optimized the parameters by reporting that welding current has the 

most significant effect on the Tensile strength, depth of penetration and toughness of weld joint. 

 

Abhishek Prakash et al [11] determined the (welding) process parameters which influence the 

mechanical properties by using the Taguchi method and they produced a result that Welding 

Current has the greatest influence on Tensile and Hardness in the Weldability of welded joint 

followed by wire feed speed and arc voltage. 

 

Lenin N., sivakumar M. and vigneshkumar D [12] has studied welding as a basic 

manufacturing process for making components or assemblies.  In this paper, the optimization of 

the process parameters for MMA welding of stainless steel and low carbon steel with greater 

weld strength has been reported.  The higher-the-better quality characteristics is considered in the 

weld strength prediction. 

 

M.Aghakhani, E.Mehrdad, and E.Hayati[13] has studied that gas metal arc welding is fusion 

welding process having wide applications in industry.  One of the important welding output 

parameters in this process is weld dilution affecting the quality and productivity of weldment.  

The wire feed rate has the most significant effect as such as far as the dilution is concerned. 

 

S.Utkarsh et al.[14]worked on Gas Metal Arc Welding(GMAW) show the effect of 

Current(A),Voltage(V),Gas Flow rate(L/Min) and Speed(M/Min) on Ultimate Tensile 

Strength(UTS) of st-37 low alloy steel material, In this Experiment he done Experiment by using 

L9 orthogonal Array to find out UTS and also perform confirmatory Experiment to find out 

optimal run set of current, voltage speed and gas flow rate. 
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B. Mishra et al.[15] presented the effect of welding parameters like welding current, welding 

voltage, welding speed on penetration depth of AISI 1020 steel during welding. A plan of 

experiments based on Taguchi technique has been used to plan the experiment, acquire the data 

and to optimize the welding parameters as well as the process. Finally the conformations tests 

have been carried out to get the difference between the predicated values with the experimental 

values to find the effectiveness in the analysis of penetration. 

 

METHODOLOGY 

4.1 DESIGN OF EXPERIMENT [DOE] 

 Design of Experiments (DOE) is a powerful statistical technique introduced by R. A. Fisher in 

England in the 1920's to study the effect of multiple variables simultaneously. The DOE using 

Taguchi approach can economically satisfy the needs of problem solving and product/process 

design optimization projects. By learning and applying this technique, engineers, scientists, and 

researchers can significantly reduce the time required for experimental investigations. DOE is a 

technique of defining and investing all possible combinations in an experiment involving 

multiple factors and to identify the best combination. In this, different factors and their levels are 

identified. Design of experiments is also useful to combine the factors at appropriate levels, each 

with the respective acceptable range, to produce the best results and yet exhibit minimum 

variation around the optimum results. Therefore, the objective of a carefully planned designed 

experiment is to understand which set of variables in a process affects the performance most and 

then determine the best levels for these variables to obtain satisfactory output functional 

performance in products.  

Numbers of trials is significantly reduced. The advantages of design of experiments are as 

follows:  

• Important decision variables which control and improve the performance of the product or the 

process can be identified.  

• Optimal setting of the parameters can be found out.  

• Qualitative estimation of parameters can be made. 

 • Experimental error can be estimated. 

 • Inference regarding the effect of parameters on the characteristics of the process can be made. 

Thus Design of experiment (DOE) is a method to identify the important factors in a process, 
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identify and fix the problem in a process, and also identify the possibility of estimating 

interactions.  

1) Full factorial technique  

DOE for study of process parameter effects in welding Following are the DOE techniques used 

process parameter optimization work in welding.  

2) Fractional factorial technique  

3) Taguchi orthogonal array  

4) Response Surface method (Central Compsite deisgn) 

 

4.2 ANAYLSIS OF VARIANCE METHOD: 

The acronym ANOVA refers to analysis of variance and is a statistical procedure used to test the 

degree to which two or more groups vary or differ in an experiment. In most experiments, a great 

deal of variance (or difference) usually indicates that there was a significant finding from the 

research. The optimal combination of the process parameters can be predicted by S/N ratio and 

ANOVA analyses. Finally, a confirmation experiment is conducted to verify the optimal process 

parameters obtained from the parameter design. The adequacy of the developed models was 

tested using the Analysis of Variance (ANOVA) technique. The experimental results are 

analyzed with analysis of variance (ANOVA), which used for identifying the factors 

significantly affecting the performance measures. In this project smaller the better is adopted for 

optimization. An ANOVA conducted on a design in which there is only one factor is called a 

one-way ANOVA. If an experiment has two factors, then the ANOVA is called a two-way 

ANOVA. 

 

4.3 TAGUCHI METHOD 

One of the most convenient tool to optimize various parameters with less experimental runs in 

design of experiment is Taguchi Method. This method is a powerful approach to improve the 

productivity with high standard of quality at lowest cost possible. Dr. Genichi Taguchi of Nippon 

Telephone and Telegraph Company (Japan), recommends an experimental design as a tool which 

makes the products more robust sensitive to the noise factors. He gave a method which is based 

on orthogonal array and gives much reduced variance with optimum settings of the control 

parameters. The orthogonal array provides a set of minimum experiments and signal to noise 
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ratios which are a log function of desired output act as objective function for optimization. These 

functions helps in data interpretation, data analysis and prediction of optimum result. The term 

signal in the Taguchi’s method represents the desired value for the output characteristic while the 

term noise represents the undesirable value which could be the environmental conditions for the 

output characteristic. Signal to noise ratio is thus used to measure the quality characteristic which 

deviates from the desirable value.  

 

CONCLUSION 

Taguchi method was used to optimize the welding parameters which are affecting the weld 

penetration. An orthogonal array of Taguchi’s design is used to find out the Signal to Noise ratio 

which is then followed by analysis of variance(ANOVA). Welding current, arc voltage, welding 

speed, type of shielding gas, gas flow rate, wire feed rate, diameter of electrode etc. are the 

important control parameters of Metal Inert Gas Welding process. They affect the weld quality in 

terms of mechanical properties and weld bead geometry. The value of depth of penetration 

increased by increasing the value of welding current and the grain boundaries of the 

microstructure are varied when the welding parameters are changed. 
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