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ABSTRACT 
Tungsten Inert Gas Arc Welding is a commonly used welding technique due to its versatility and ease that can be maintained 

in almost all type of working conditions. Stainless Steel (SS304) possessing high strength and toughness is usually known to 

offer major challenges during its welding. In this paper, Taguchi’s DOE approach is used to plan and design the experiments 

to study the effect of welding process parameters on metal deposition rate and hardness of the weld bead. Three input 

parameters—current, gas flow rate and no. of passes—were selected to ascertain their effect on the metal deposition rate and 

hardness.  
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1.1 INTRODUCTION 

“Welding is a joining process that uses heat, pressure, 

and/or chemicals to fuse two materials together    

permanently.Welding covers a temp range of 1500ºF 

- 3000ºF (800ºC-1635ºC). Depending upon the 

combination of temperature and pressure from a high 

temperature with no pressure to a high pressure with 

low temperature, a wide range of welding processes 

has been developed. 

 
Fig. 1.1 Welding 

Welding is not new. The earliest known from of 

welding called forge welding, date back to the year 

2000 B.C forge welding is primitive process of 

joining metal by heating and hammering until the 

metal are fused (mixed) together. Although forge 

welding still exist, it is mainly limited to the 

blacksmith trade. Today, there are many welding 

process available. The primary differences between 

the various welding are the method by which heat is 

generated to melt the metal.  

DEVELOPMENT OF T.I.G WELDING 

After the discovery of the electric arc in 1800 

by Humphry Davy, arc welding developed slowly. C. 

L. Coffin had the idea of welding in an inert gas 

atmosphere in 1890, but even in the early 20th 

century, welding non-ferrous materials like 

aluminum and magnesium remained difficult, 

because these metals reacted rapidly with the air, 

resulting in porous and dross-filled welds. Processes 

using flux-covered electrodes did not satisfactorily 

protect the weld area from contamination. To solve 

the problem, bottled inert gases were used in the 

beginning of the 1930s. A few years later, a direct 

current, gas-shielded welding process emerged in the 

aircraft industry for welding magnesium. 

1.2 WELDING PARAMETERS 

Regardless of the technology, efficiency or 

variability, these are the list of parameters that affect 

the quality and outcome of the weld. When these 

parameters are improperly configured or out of range 

for the equipment or materials, this can lead to a 

variety of problems. 

• Current 

• Welding Voltage 

• Pulsed-current, frequency & waveform 

• Gas Flow and Composition 

THE TAGUCHI APPROACH 

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. In his early applications, 

Fisher wanted to find out how much rain, water, 

fertilizer, sunshine, etc. are needed to produce the 

best crop. Since that time, much development of the 

technique has taken place in the academic 

environment, but did help generate many applications 

in the production floor [10]. 

As a researcher in Electronic Control Laboratory in 

Japan, Dr. Genechi Taguchicarried out significant 

research with DOE techniques in the late 1940's. He 

spent considerable effort to make this experimental 

technique more user-friendly (easy to apply) and 

applied it to improve the quality of manufactured 

products. Dr. Taguchi's standardized version of DOE, 

popularly known as the Taguchi method or Taguchi 

approach, was introduced in the USA in the early 

1980's. Today it is one of the most effective quality 

building tools used by engineers in all types of 

manufacturing activities.  

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 can be highly effective when: 

• Optimize product and process designs, study the 

effects of multiple factors (i.e. - variables, 

parameters, ingredients, etc.) on the 

performance, and solve production problems by 

objectively laying out the investigative 

experiments (Overall application goals). 

• Study Influence of individual factors on the 

performance and determine which factor has 

more influence, which ones have less. It can also 

find out which factor should have tighter 

tolerance and which tolerance should be relaxed. 

The information from the experiment will tell 

how to allocate quality assurance resources 
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based on the objective data. It will indicate 

whether a supplier's part causes problems or not 

(ANOVA data), and how to combine different 

factors in their proper settings to get the best 

results (Specific Objectives). 

1.3 WELDING EQUIPMENT     

MILLER 160 semiautomatic TIG equipment with 

direct current, power source with a 160 A capacity 

was used to join the stainless steel plates (type 304) 

of size 100 mm (length) 96 mm  (width) 5 mm 

(height). AWS ER304 of 1.6 mm electroad is used 

for a square butt joint with a 2 mm root opening was 

selected to join the plates in the flat position, straight 

polarity is used to weld the plate 

 
Fig. 1.2Tig Welding Machine 

1.4INTRODUCTION TO WORK MATERIAL 

Stainless steel is actually a generic referring to a 

family of over two dozen grade of commonly used 

alloys. Essentially it is an alloy having of 10.5 

percent chromium. 

In this experimental work, 304 Stainless Steel is used 

as a work piece. Stainless steel, grade 304 is a 

versatile “low carbon (0.08%)- Chromium-Nickel 

steel suitable for a wide variety of welding 

application. Photographic view of welded sample is 

shown below. 

 
Fig. 1.3 Welded Samples 304 Stainless Steel 

Type 302 (S30200), 304 (S30400), 304L (S30403), 

and 305 (S30500) stainless steel are variations of the 

18 percent chromium – 8 percent nickel austenitic 

alloy, the most familiar and most frequently used 

alloy in the stainless steel family. 

1.4.1 DEPOSITION RATE 

The deposition rate of a welding consumable 

(electrode, wire or rod) is the rate at which weld 

metal is deposited (melted) onto a metal surface. 

Deposition rate is expressed in kilograms per hour 

(kg/hr). Deposition rate is based on continuous 

operation, not allowing for stops and starts such as, 

electrode change over, chipping slag, cleaning 

spatter, machine adjustments or other reason.When 

welding current is increased so does the deposition 

rate. When electrical stick out is increased in the case 

the deposition rate will also increased. 

1.5 DEPOSITION RATE CALCULATION 

Deposition rates are calculated by doing actual 

welding tests, and the following shows the formula 

for measuring deposition rates. 

 

 
Example:- 

Weight of plate before welding = 2.00kg 

Weight of plate after welding = 2.95kg 

Welded in 60 seconds 

            = 2.95-2.00 ÷ 60 sec 

           = .950×60×60 ÷60 

           = 57 kg/hr 

Deposition rate calculation for experiment No.1 

Weight of test plate before welding- .388 kg 

Weight of test plate after welding- .390 kg 

Measured period of time – 25.01 sec 

So as per above example: 

Deposition rate =      
��.�������.�		��
��.�����

�.�����
 

=
.���×��×��

�.��
    =   0.287 kg /hr 

Similarly the calculation of deposition rate (Kg/hr) 

for rest of the experiments (each experiments has two 

run) is calculated, given below:- 

Table 1.1 Deposition Rate 

 
1.6 RESULT: ANALYSIS OF VARIANCE 

(ANOVA) 

Analysis of variance is a statistical method used to 

interpret experimental data and make the necessary 

decision. ANOVA is statically based decision tool for 

detected any deference in the average performance of 

group of items tested.The ANOVA (general linear 

model) for mean have been performed to identify the 

significant parameters to quantify their effect on 

performance characteristics. The ANOVA test for 

raw data is given in table. 
Table: 1.2 Test Data for Deposition Rate 

 
Table: 1.3- ANOVA A Test Summery For Deposition 

Rate 
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1.7 CONCLUSION 
After performing experiment and analyzing the 

results, the discussion for the effect different input 

parameters on response variables is described below: 

1.7.1 Effect on Deposition Rate 

It can be seen for the fig 5.1 that the current and no. 

of passes affects the deposition rate very 

significantly. The different input parameters used in 

the experimentation can be ranked in order of 

increasing effect as current, gas flow rate and number 

of passes. It is clear from the fig that current and no. 

of passes affects deposition rate significantly. The 

slop of graph of current and no. of passes indicates 

that increase in current results in increase of 

deposition rate while increase of no. of passes results 

in decrease of deposition rate and it is also practical 

that in a given time more heat is needed to melt a 

given amount of metal. According to joule’s effect, 

heat is directly proportional to current and time, 

given H = I�Rt where (H = heat, I = current, R = 
resistant, t = time). The analyses of variance test 

results showed that the ��	���� is the optimal 

parameters setting for the deposition rate. In this 

study we conclude that the optimal input parameter 

setting for current is 140 amp, 10 liter/min, 1 number 

of passes, while welding the stainless steel 304 on 

TIG welding as far the deposition rate is concerned. 
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