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Abstract— Metal inert gas arc welding (MIG) is preferable 

more its inherent qualities like easy control of variables, 

high quality, deep penetration, smooth finish. The quality of 

weld depends on metal deposition rate which in turn 

depends on the process parameters. In this present work, the 

effect of Taguchi Methodology approach for experimental 

investigation of metal inert gas arc welding parameters 

welding current, welding voltage and wire feed speed on 

metal deposition rate has been studied. 
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I. INTRODUCTION 

Gas metal arc welding (GMAW), sometimes referred to by 

its subtypes metal inert gas (MIG) welding or metal active 

gas (MAG) welding, is a welding process in which an 

electric arc forms between a consumable wire electrode and 

the work piece metal(s), which heats the work piece 

metal(s), causing them to melt, and join. Along with the 

wire electrode, a shielding gas feeds through the welding 

gun, which shields the process from contaminants in the air. 

The process can be semi-automatic or automatic. A constant 

voltage, direct current power source is most commonly used 

with GMAW, but constant current systems, as well as 

alternating current, can be used. There are four primary 

methods of metal transfer in GMAW, called globular, short-

circuiting, spray, and pulsed-spray, each of which has 

distinct properties and corresponding advantages and 

limitations [1]. 

Today, GMAW is the most common industrial 

welding process, preferred for its versatility, speed and the 

relative ease of adapting the process to robotic automation. 

Unlike welding processes that do not employ a shielding 

gas, such as shielded metal arc welding, it is rarely used 

outdoors or in other areas of air volatility. A related process, 

flux cored arc welding, often does not use a shielding gas, 

but instead employs an electrode wire that is hollow and 

filled with flux [2].   

To perform gas metal arc welding, the basic 

necessary equipment is a welding gun, a wire feed unit, a 

welding power supply, an electrode wire, and a shielding 

gas supply. 

 
Fig. 1: Welding gun and wire feed unit. 

GMAW torch nozzle cutaway image. (1) Torch 

handle, (2) Molded phenolic dielectric (shown in white) and 

threaded metal nut insert (yellow), (3)Shielding gas diffuser, 

(4) Contact tip, (5) Nozzle output face[3]. 

The typical GMAW welding gun has a number of 

key parts a control switch, a contact tip, a power cable, a gas 

nozzle, an electrode conduit and liner, and a gas hose. The 

control switch, or trigger, when pressed by the operator, 

initiates the wire feed, electric power, and the shielding gas 

flow, causing an electric arc to be struck. The contact tip, 

normally made of copper and sometimes chemically treated 

to reduce spatter, is connected to the welding power source 

through the power cable and transmits the electrical energy 

to the electrode while directing it to the weld area. It must be 

firmly secured and properly sized, since it must allow the 

electrode to pass while maintaining   electrical contact. On 

the way to the contact tip, the wire is protected and guided 

by the electrode conduit and liner, which help prevent 

buckling and maintain an uninterrupted wire feed. The gas 

nozzle directs the shielding gas evenly into the welding 

zone. Inconsistent flow may not adequately protect the weld 

area. Larger nozzles provide greater shielding gas flow, 

which is useful for high current welding operations that 

develop a larger molten weld pool. A gas hose from the 

tanks of shielding gas supplies the gas to the nozzle. 

Sometimes, a water hose is also built into the welding gun, 

cooling the gun in high heat operations [4].  

II. TAGUCHI TECHNIQUES 

The Taguchi method involves reducing the variation in a 

process through robust design of experiments. The overall 

objective of the method is to produce high quality product at 

low cost to the manufacturer. The Taguchi method was 

developed by Dr. Genichi Taguchi of Japan who maintained 

that variation. Taguchi developed a method for designing 

experiments to investigate how different parameters affect 

the mean and variance of a process performance 

characteristic that defines how well the process is 

functioning. The experimental design proposed by Taguchi 

involves using orthogonal arrays to organize the parameters 

affecting the process and the levels at which they should be 

varies. Instead of having to test all possible combinations 

like the factorial design, the Taguchi method tests pairs of 

combinations. This allows for the collection of the necessary 

data to determine which factors most affect product quality 

with a minimum amount of experimentation, thus saving 

time and resources. The Taguchi method is best used when 

there are an intermediate number of variables (3 to 50), few 

interactions between variables, and when only a few 

variables contribute significantly [5]. 

The Taguchi arrays can be derived or looked up. 

Small arrays can be drawn out manually; large arrays can be 

derived from deterministic algorithms. Generally, arrays can 

be found online. The arrays are selected by the number of 

parameters (variables) and the number of levels (states). 

This is further explained later in this article. Analysis of 

variance on the collected data from the Taguchi design of 

experiments can be used to select new parameter values to 

optimize the performance characteristic. The data from the 

arrays can be analysed by plotting the data and performing a 
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visual analysis, ANOVA, bin yield and Fisher's exact test, or 

Chi-squared test to test significance [5].   

III. ANOVA 

The ANOVA was used to investigate which design 

parameters significantly affect the quality characteristic. The 

ANOVA is performed by separating the total variability of 

the S/N ratios into contributions by each of the design 

parameters and the errors. The total variability of S/N ratio 

is measured by the sum of the squared deviations from the 

total mean S/N ratio [6]. 

IV. OPERATION 

 
Fig. 2: GMAW Circuit diagram (1) Welding torch, (2) Work 

piece (3) Power source, (4) Wire feed unit, (5) Electrode 

source,(6) Shielding gas supply. 

Shielding gases are necessary for gas metal arc 

welding to protect the welding area from atmospheric gases 

such as nitrogen and oxygen, which can cause fusion 

defects, porosity, and weld metal embrittlement if they come 

in contact with the electrode, the arc, or the welding metal. 

This problem is common to all arc welding processes; for 

example, in the older Shielded-Metal Arc Welding process 

(SMAW), the electrode is coated with a solid flux which 

evolves a protective cloud of carbon dioxide when melted 

by the arc. In GMAW, however, the electrode wire does not 

have a flux coating, and a separate shielding gas is 

employed to protect the weld. This eliminates slag, the hard 

residue from the flux that builds up after welding and must 

be chipped off to reveal the completed weld [7 & 8].        

V. CONCLUSIONS 

The following conclusions can be drawn after the 

experiment and study on turning of SS tool:  

1) Taguchi method can be efficiently used in off-line 

quality control in that the experimental design is 

combined with the quality loss. 

2) From the study it is found that the main factors 

affecting more the cutting force and tool vibration 

are principal cutting edge angle and depth of cut. 

Cutting speed and feed rate are less affecting as 

compared to the above two mentioned parameters. 

The two responses cutting force and tool vibration 

are combined together to one.  
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