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Abstract— The main focus of this paper is to study the effect 

of TIG welding on stainless steel and mild steel plates and 

analyzing the defects by radiography testing using three 

different paramenters like current, voltage & gas flow rate 

(Argon Gas) as shielding & having dimensions of 100 mm X 

100 mm X 4 mm. TIG welded plates majorly used in 

industries purpose. The welding of dissimilar metals is most 

useful in structural applications. But the difficulty arises due 

to welding such plates because of the loss of carbon from mils 

steel and precipitation of chromium in stainless steel during 

welding. TIG welding is best suitable process used to control 

these problems occur during welding on base metals joints. 

Here main purpose of this paper is to discuss about effect of 

welding on MS and S.S plate and study the result like 

hardness, tensile, bend test etc. In this experimental test it is 

seen that there is nothing problematic to weld such plates 

carry different composition. All result shown satisfactory. It 

is evaluate that TIG welding perform best on S.S and MS 

welding. 
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I. INTRODUCTION 

Welding is a fabrication process that joints like similar and 

dissimilar materials and form a permanent joints, usually 

metals or thermoplastics, by causing fusion, which is distinct 

from lower temperature metal-joining techniques such as 

brazing and soldering, which do not melt the base metal.  

Welding is a common process for joining metals using a large 

variety of applications.  

Generally welding involves the use of four 

components: the metals, a heat source, filler metal, and some 

kind of shield from the air. The metals are heated to their 

melting point while being shielded from the air, and then a 

filler metal is added to the heated area to produce a single 

piece of metal. It can be performed with or without filler 

metal and with or without pressure effectively. 

Modern welding technology started just before the 

end of the 19th century with the development of methods for 

generating high temperature in localized zones.  Welding 

generally requires a heat source to produce a high temperature 

to melt the material. In most welding procedures metal is 

melted to bridge the parts to be joined so that on solidification 

of the weld metal the parts become united. The common 

processes of this type are grouped as fusion welding in which 

heat must be supplied because the melting of the filler metal 

and the way in which this is achieved is the major point of 

distinction between the different processes. 

Welding occurs in several locations, from outdoors 

settings on rural farms and construction sites to inside 

locations, such as factories and job shops. Welding processes 

are fairly simple to understand, and basic techniques can be 

learned quickly.  Welding is the joining of metals at a 

molecular level. A weld is a homogeneous bond between two 

or more pieces of metal, where the strength of the welded 

joint exceeds the strength of the base pieces of metal. 

II. LITERATURE REVIEW 

Keyur Panchal, During the study, mild steel and grade of 

stainless steel were joined using TIG welding. The tensile 

strength, dilution of welded joints, hardness and bend test 

were investigated. The Selection of different grades of 

stainless steel used for welding play an important role in 

deciding the properties of the weld. From the study, following 

conclusions can be drawn – 

 Tungsten Inert gas welding process is best for S.S and 

MS plate joint. In the welding we can seen there is 

nothing defect found due to welding like porosity, 

cracks, etc. Also bend test proven best result for this 

work. Result was satisfied and clears an idea about 

welding under bend load. 

 During TIG welding the loss of Cr from S.S is very low 

so it resist from corrosion action in field. Furthermore, 

welding done under inert atmosphere to protect weld 

from hydrogen and other environmental threats. 

 The strength of dissimilar metal welded by TIG welding 

is excellent as per report.  

 Hardness value at the point of filler metal is maximum 

that is only the result to make experiment successive. 

Including all the test reports we get best result with TIG 

welding on related metals plates.   

A.s Sahi invested that the influence of the heat on 

the mechanical properties and microstructure properties of 

weld material. In experiment different three heat parameters 

taken on the tungsten arc welding process. Significant grain 

coursing was found in the area of heat effective zone for all 

joints moreover it was observed that grain coarsening in 

affected area set up with increase in the heat input. In this 

present work researchers also found that length and spacing 

in weld zone depend on the heat input which also effects the 

tensile properties of weld joint.  

 From the literature survey it is found that The 

welding component undergoes various defects like, surface 

and subsurface discontinuities, porosity, incomplete 

penetration, lack of interrun fusion etc are difficult to over 

come from it. In most of the welding the defects like improper 

penetration, porosity, undercuts, lack of side wall fusion, etc. 

Due to this there will be rejection of welding components 

which leads to extra manufacturing cost and wastage of time, 

wastage of material, and increases labour cost. Mostly linear 

indication defects like cracks,lack of penetration,lack of 
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fusion,inproper root and tugsten inert defcts are very serious 

defects considered in welding.  

 To provide alternative remedies for reducing the defects 

in welding components by considering welding 

parameters  

 To study the effect of the welding parameters like 

welding current, Gas flow rate, voltage on weld using 

taguchi technique.  

 The main objective of this work is to optimize the 

welding parameters (current, voltage, speed) to have 

good quality weld joint using taguchi technique.  

 To study and apply Radiography testing for analysis of 

defects in welding components 

III. METHODOLOGY 

Stainless steel and mild steel is selected for carrying out the 

experimental analysis because of its many advantages and 

easy availability in the market.  

1) As the stainless steel is classified in different categories 

like austenitic, ferritic, martenstic etc. from this we have 

chosen austenitic stainless steel (Grade 304) because of 

its low cost, easy availability in the market.  

2) TIG welding process is chosen to carry out the 

experimental analysis on austenitic stainless steel with 

mild steel plates 

3) Procedure for carrying out the project  We have taken 

NINE samples plates (9 pieces of 304 stainless steel and 

mild steel plates, the material specifications are as 

follows: 

Thickness 4mm 

Length 100*100 mm 

No. of pieces 9 

Table 3.1: Specification of the specimen of welding process 

Material stainless steel (304) & Mild steel 

IV. DESIGN OF EXPERIMENT 

The experiment were performed on TIG welding machine 

with argon gas as shielding with parameters of welding 

current, welding voltage and gas flow rate. 304 stainless steel 

and CR1 grade mild steel has been used. 

A. Welding Base Material 

The base metal used is CR1 Grade mild steel and 304 

stainless steel. 
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Table 4.1: Chemical composition of CR1 Grade Mild Steel 

Mild steel contains approximately 0.05–0.25% 

carbon making it malleable and ductile. Mild steel has a 

relatively low tensile strength, but it is cheap and easy to 

form; surface hardness can be increased through carburizing. 
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Table 4.2: Chemical Composition of 304 Stainless Steel 

Stainless steel 304 is widely used in all sorts of 

industrial and domestic applications. Within the medical 

device industry, 304 is used where high corrosion resistance, 

good formability, strength, manufacturing precision, 

reliability and hygiene is of particular importance. 

 
Fig. 4.1: sample piece of welding specimen with v groove 

V. DESIGN MATRIX 

Level 
Current 

(A) 

Voltage 

(V) 

Gas flow rate 

(l/min) 

1 100 20 10 

2 120 21 15 

3 140 22 20 

Table 1: three levels of variable parameters 

S.no Current (A) Voltage(V) Gas flow rate (l/min) 

1 100 20 10 

2 100 20 15 

3 100 20 20 

4 120 21 10 

5 120 21 15 

6 120 21 20 

7 140 22 10 

8 140 22 15 

9 140 22 20 

Table 2: Orthogonal array Taguchi design matrix 

VI. EXPERIMENTAL SETUP 

Pieces of stainless steel welded with mild steel by TIG 

machine. 

 
Fig. 6.1: Welding transformer 
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Fig. 6.2: Argon gas cylinder 

 
Fig. 6.3: welding on plates 

A. Procedure for carrying out the TIG process:      

TIG: The main advantages of this process when used on 

stainless steels and mild steel can be summarized as follows: 

1) A concentrated heat source, leading to a narrow fusion 

zone. 

2) A very stable arc and calm welding pool of small size. 

Spatter is absent and because no flux is required in the 

process, oxidation residues are eliminated so that any 

final cleaning operation is very much simplified.  

3) An excellent metallurgical quality with a precise control 

of penetration and weld shape in all positions. 

4) Sound and pore-free welds.  

5) Very low electrode wear. 

6) Easy apprenticeship Irrespective of welding joints, this 

specimen is then tapered at 45 degree to improve the 

weld strength. After tapering welding process is selected, 

from these 3 pieces of austenitic stainless steel and 3 

pieces of mild steel are selected for TIG process. The 

three pieces of stainless steel welded with mild steel by 

TIG machine. 

There are following steps we do for our experimental work.  

1) Selection of sample as per standard specification 

a) Chemical Analysis for evaluation of chemistry of each 

plates 

2) Preparation of specimen (MS and SS-304) 

a) Cutting sample Surface cleaning 

b) Applying Groove at different angle 

c) Placing on welding clamping stand  

3) Perform TIG welding  

4) Inspection of TIG welded plates  

a) Radiography Testing 

B. Selection of sample as per standard specification    

Selection of standard specimen is the best way to perform and 

to get the exact result. In this our experimental work we 

should introduce the different two type of specimen for 

example ASTM 240 GRADE 304 and IS 513 GRADE CR1.  

We used such grade of specimen to do TIG welding 

because nowadays such kind of welding is majorly preferred 

for industrial purpose. Also stainless steel welding is much 

easier than other metal weld by TIG welding.    

VII. RADIOGRAPHY TESTING AND EQUIPMENT SETUP 

 
Fig. 7.1: Radiography Testing Setup  

a) Camera b) Crank Unit c) Film viewer d,e & f ) dark room 

for film development 

Radiography testing is a method Of NDT testing and 

Evaluation used to detect a defect by Interpretation and 

development of Films.  Irridium 192 Isotope as a source used 

for Gamma ray with 8.37 curie.  Crank unit along with hose 

cable connected between crank unit & camera by the 

Interfaces and Film placed on The Welding Area,  Crank will 

rotate anti clock  wise will be engaged to Shot A rays on the 

Weld Area &  Defects will be copy on the Film Permanenty. 

Film is dividing by Two Segments A& B with Different 

Arrays.   



Optimization of TIG Welding on 304 Stainless Steel and CR1 Grade Mild Steel using Taguchi Method and Analysing Defects by Radiography Testing 

 (IJSRD/Vol. 7/Issue 04/2019/205) 

 

 All rights reserved by www.ijsrd.com 810 

 
      Fig. 7.2: Welding samples 

 
Fig.7.3: Radiography testing film result 

 From the non-destructive testing the 9 samples is 

tested in which test is recorded and tabulated below 

Sample 

No 
Radiography testing Observations 

1 
By using radiography testing found   Lack of 

penetration  in weld with size of 83 mm. 

2 
By using radiography testing found   Lack of 

fusion in weld  in weld with size of 34 mm. 

3 
By using radiography testing found   No 

significant defectin weld. 

4 
By using radiography testing found   Lack of 

fusion in weld with size of 67 mm. 

5 
By using radiography testing found   Lack of 

penetration in weld with size of 98 mm. 

6 
By using radiography testing found   Tugsten 

inclusion in weld with size of 73 mm. 

7 

By using radiography testing found   Lack of 

penetration & concavity in weld with size of 

94 mm. 

8 
By using radiography testing found   Lack of 

fusion in weld with size of 24.5 mm. 

9 

By using radiography testing found   Lack of 

penetration & slag inclusion in weld with size 

of 79 mm. 

Table 7.1: Testing Observation & remarks 

 
Table 7.2:  Testing observation and results 

VIII. TAGUCHI METHOD 

Taguchi has envisaged a new method of conducting the 

design of experiments which are based on well-defined 

guidelines. This method uses a special set of arrays called 

orthogonal arrays. These standard arrays stipulate the way of 

conducting the minimal number of experiments which could 

give the full information of all the factors that affect the 

performance parameter. The crux of the orthogonal arrays 

method lies in choosing the level combinations of the input 

design variables for each experiment. In the Taguchi method, 

several levels can be considered for each parameter, the 

optimization algorithm can be implemented for the tests 

designed by this method, and, finally, the best parameters for 

the optimization algorithm can be selected. 

IX. ANALYSIS OF THE S/N RATIO AND DISCUSSION  

Taguchi method uses the (signal to noise (S/N)) ratio, because 

it minimizes quality characteristic variation due to 

uncontrollable parameter. The weld penetration are the 

objective function so that "the larger-the-better" S/N ratio is 

chosen. The S/N ratio used for this type of response is 

The S/N ratio for the larger-the-better is: 

S/NLTB= -10log [MSD]               (1) 
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Where: n is the number of measurements in a 

trial/row, in this case, n=1 and y is the measured value in a 

run/row. The S/N ratio values are calculated by taking into 

consideration equation. 1.  

Expt No A B C S/N ratio(weld defect) 

1 1 1 1 53.0561 

2 1 2 2 52.6145 

3 1 3 3 59.4569 

4 1 4 4 50.8745 

5 2 1 2 51.2365 

6 2 2 1 49.7869 

7 2 3 4 52.1254 

8 2 4 3 49.2564 

9 3 1 3 51.9654 

A: (welding current) B (welding voltage) C: (gas flow rate) 

Table 9.1: S/N Ratio 

 
Graph 9.1: weld size defects vs welding current 

 
Graph 9.2: weld size defects s welding voltage 

 
Graph 9.3: weld size defects vs gas flow rate 

 
Graph 9.4: SN ratio vs welding current 

 
Graph 9.5: SN ratio vs voltage 

 
Graph 9.6: SN ratio vs Gas flow Rate 

 These study deals with the results and discussions of the 

experimental findings of welded joints prepared at 

different welding current, welding voltage and gas flow 

rate and down hand welding technique. 

 The most favorable process parameters have been 

calculated by analysis of s/n ratio from main effect plot 

shown in figures. 

 As per the Graphs 1,2 & 3 the best optimized 

accomplished that welding current (100) welding voltage 

(20) Gas flow rate (20) give optimal condition. 

X. CONCLUSION 

In this work a study on welding defects using radiography 

nondestructive testing is conducted on CR1 grade mildsteel 

and 304 stainless steel and the effect on welding parameters 

on weld defects size is studied using taguchi method. 

Experiments are carried out using Taguchi Technique by 

varying welding current, welding voltage, and welding speed. 

Current is varied between 100,120,140 Amps, voltage is 

varied between 20,21, 22 volts, and gas flow rate is varied 

between 10,15,20 litre/min. By conducting radiography 

testing we have concluded that some of the welding defects 

are found at each level of current, voltage and gas flow rate. 
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Hence at welding current (100 Amp), welding voltage (20V), 

gas flow rate (20 l/min), there is no significant defect is found. 

From the taguchi technique the effect of welding 

parameters on weld size defects is studied which predicts the 

variation of different parameters at different levels. 

 From the Pareto analysis it was seen that the welding 

current is a major contributing factor on weld 

penetration.  

 Taguchi method has proved its success in prediction to 

the optimum parameters to reach the best properties. 
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