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Abstract— This paper  reports non-destructive testing 

conducted on similar TIG welds between mild steel plates. 

The TIG welds of  ms plates were produced at different 

current, voltage and gas flow rate. The current was varied 

between 120,130 and 140 amp while the voltage  was varied 

between 12.5,14 and 15volts  and gas flow rate  is varied 

between 8,10 and 12L\min. The  ultrasonic testing 

techniques were employed to conduct the tests; these tests 

were conducted on the welds to ascertain the joint integrity 

before characterization to have an  idea of the quality of the 

welds. Ultrasonic inspection technique revealed the presence 

of Incomplete penetration  defects and discontinuities in 

some of the welds. It was found that the welds produced at 

130amp, 12.5volts  and 12L/min  were the best quality weld. 
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I. INTRODUCTION 

TUNGSTEN Inert Gas welding is one of the most widely 

used processes in industry. The input parameters play a very 

important  role in determining the quality of a welded joint. . 

Therefore, the parameters affecting the arc and welding 

should be estimated and their changing conditions during 

process must be known before in order to obtain optimum 

results; in fact a perfect arc can be achieved when all the 

parameters are in conformity. The welding current, welding 

speed and distance between  the electrode and workpiece, 

gas flow rate. These parameters will affect the weld 

characteristics to a great extent. Because these factors can be 

varied over a large range, they are considered the primary 

adjustments in any welding operation. Their values should 

be recorded for every different type of weld to permit 

reproducibility. 

In TIG process the electrode is non consumable 

and is made of tungsten. These electrode are avalible upto 

9mm diameter. The arc is obtained between tungsten 

electrode and the workpiece. An inert gas such as argon or 

helium is used to provide a gas shield to protect the weld 

from atmospheric oxidation. The inert gas should be of high 

purity and free from oxygeon,moisture and hydrocarbons. 

Argon is used widely and the weld protection is 

accomplished by displacing the air physically with this inert 

gas. 

The welding canbe either manual or mechanized 

process. All metal can be welded by this but it is best suited 

for welding thin pieces of metal. it is much more expensive 

compared with ordinary metal arc welding and hence it is 

used for applications which cannot be welded by metal arc 

welding process. It is especially used for aluminium and 

magnesium alloys and mild steel,stainless steels. 

 
Fig. 1: A Schematic Diagram of the TIG Welding Process 

1) The TIG process has the advantages of – 

2) Narrow concentrated arc 

3) Able to weld ferrous and non-ferrous metals 

4) Does not use flux or leave a slag 

5) Uses a shielding gas to protect the weld pool and 

tungsten 

6) A TIG weld should have no spatter 

7) TIG produces no fumes but can produce ozone 

A major weld quality aspect in question is how to be able to 

detect the internal defect formed in the weld and a Non- 

Destructive Testing (NDT) technique is most appropriate in 

this regard. Non -_Destructive Testing  from the necessity to 

detect flaws within components to avoid detrimental and 

repetitive failures. NDT is a wide group of analysis 

techniques used in science and industry to evaluate the 

characteristics of a material or component without causing 

damage to it. The techniques used are non-invasive. Because 

NDT does not permanently alter the article being inspected, 

they are highly valuable techniques that can save both 

money and time. Many different types of NDT methods 

exist, the most commonly used ones being ultrasonic testing, 

magnetic particle testing, liquid penetrant inspection, 

radiographic testing and eddy current testing. NDT is used 

in almost  every field of engineering and can be applied to 

any types  of materials including metals, ceramics, coatings 

and polymers of different plastics and composites. The 

detection of these flaws is critical for the safety criteria of all 

designs. These flaws include cracks, internal voids, surface 

cavities, delamination, defective welds and any sort of 

imperfection  in the welds that could be detrimental to the 

performance of the welds. Successful attempts have been 

made on non-destructive testing techniques on tig welds of 

mild steel  plates.  Non-destructive testing for defects is the 

most effective method of determining the integrity of a tig 

weld, hence research studies into non-destructive techniques 

of similar joints between ms plates  will ultimately lead to 

achieving optimised setting to produce quality welds and 

increase material performance in this regard. The aim of this 

paper therefore, is to present results of non-destructive 

testing techniques on similar  tig welds of  ms plates. 
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II. EXPERIMENTAL SETUP 

Design of experiments : Design of experiment is 

scientifically setup of the different involved parameters in 

various combination to do particular operation but generally 

as the no. Of factors increases the no combination also 

increase. It becomes difficult to try all possible combination 

as it consumes money time and effort .Therefore Taguchi 

based DOE design of experiment is designed using the OA 

A orthogonal array. Taguchi optimization procedure begins 

with selection of orthogonal array (OA) with distinct 

number of levels(L) defined for factor (l) such as welding 

current(c),welding voltage(v),gas flow rate(s). 

 

Fig. 2: A Schematic drawing of Tig Welding Samples 

1) Selection of Base Material: 

Material for the sample to be welded was Mild steel. having 

composition as given in Table 

Element C Si Mn P S Fe 

Weight% 0.06 0.09 0.37 0.063 0.065 99.05 

Table 1: Chemical Composition of Base Metal Mild Steel 

2) Identify TIG Welding Process Parameters & Their 

Levels: 

The selection of the welding variables should be made after 

the base metal. The number of variables considered in 

welding process are welding current, welding voltage, gas 

flow rate, welding speed, wire extension, type of shielding 

gas, wire electrode size. In the present study, the 

experimental  plan  has three variables, namely, Welding 

current,welding voltage, gas flow rate. 

Process parameters 

Input Parameter: 

1) Factor A: Welding Current 

2) Factor B: Welding Voltage 

3) Factor C: Gas Flow Rate 

parameters 
Welding 

current(c) 

Welding 

voltage(v) 

Gas flow 

rate(s) 

Unit amp volts L/min 

Level1 120 12.5 8 

Level2 130 14 10 

Level3 140 15 12 

Table 2: Welding Parameters and Their Levels 

3) Selection of Orthogonal Array OA: 

The choice and the selection of the parameter were decided 

by considering the objective of present study. Before 

selecting a particular OA to be used as a matrix for 

conducting the experiments. The number of parameters and 

interactions of interest. 1.The numbers of levels of the 

parameter of interest. 2.The non-linear behavior, if exists, 

among the process parameters can only be studied if more 

than two levels of the parameters are used. Therefore, each 

parameter was analyzed at three levels. The selected 

numbers of the process parameters and their levels are given 

in Table3 For the sake of simplification, the second order 

interaction among the parameters is not consider 

Expt 

no 

Welding 

current(c) 

Welding 

voltage (v) 

Gas flow 

rate(s) 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 3: Level9 Orthogonal Array 

B. Taguchi’s Design Method: 

Taguchi Technique is used to plan the experiments. The 

Taguchi method has become a influential tool for improving 

output during research and development, so that better 

quality products can be produced quickly and at minimum 

cost. Taguchi has envisaged a new method of conducting the 

design of experiments which are based onwell 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 

III. METHODOLOGY 

The present investigation has been made in the following 

sequence to achieve the objective. 

1) Selection of base material. 

2) Identify TIG welding process parameters & their 

levels. 

3) Select the orthogonal array 

4) Perform the experiments as per the selected 

orthogonal array. 

5) non-destructive testing by ultrasonic inspection 

A. Ultrasonic Testing: 

1) Ultrasonic testing (UT) is a method of determining 

the size and location of discontinuities within a 

component using high frequency sound waves.  

2) Sound waves are sent through a transducer into the 

material  When there is a discontinuity (such as a 

crack) in the wave path, part of the energy will be 

reflected back from the flaw surface. The reflected 

wave signal is transformed into an electrical signal 

by the transducer and is displayed on a screen. and 

the shift in time require for their return or echo is 

plotted. 

3) Ultrasonic waves will not travel through air 

therefore flaws will alter the echo pattern. 
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Fig. 3: A Schematic Drawing Showing Echo Pattern 

B. Taguchi Orthogonal Array L9(33) After Assignment Of 

Parameters: 

Sample 

no 

A(weiding 

current) 

B(welding 

voltage) 

C(gas flow 

rate) 

1 120 12.5 8 

2 130 13 10 

3 140 13.5 12 

4 120 13.5 8 

5 130 14 10 

6 140 14.5 12 

7 120 15 8 

8 130 15.5 10 

9 140 15.8 12 

Table 4: Matrix with Actual Values of Parameters 

IV. RESULT AND DISCUSSION 

To verify the testing accuracy of the NDT system after using 

the proposed method, we made nine samples of varied 

parameters and then use the NDT system to detect the 

defects, the results are: the NDT using the proposed method 

has detect all defect, and the NDT using other methods has 

detect only surface and sub surface defects with the help of 

ultrasonic testing we can detect 

internalflaws,thickness,size,shape,and position of flaw. 

Numerous experiments are conducted on the various sample 

of tig welding We evaluate these samples by ultrasonic 

testing the first,second,fifth,ninth samples have maximum 

defect and in third, fourth, seven,eighth samples minimum 

defects are seen.in sample six no significant defect are 

observed. Hence sample six is the best quality. 

 
Fig. 4: A Schematic Drawing of Ultrasonic Machine 

 

Sl no Weld parameters Joint no Location Indication Accept Reject 

1 120 Amps TIG-S1 Weld UC,IP,EP,C,IF  Reject 

 12.5 V      

 8 L\min      

2 130 Amps TIG-S2 Weld UC,IP,S,IF,LSW,C  Reject 

 13 V      

 10 L\min      

3 140 Amps TIG-S3 Weld IP,P,LSW  Reject 

 13.5 V      

 12 L\min      

4 130 Amps TIG-S4 Weld IP,P,SD  Reject 

 13.5 V      

 8 L\min      

5 130 Amps TIG-S5 Weld PS,IP,C,LSW  Reject 

 14 V      

 10 L\min      

6 130 Amps TIG-S6 Weld NSD Accept  

 12.5 V      

 12 L\min      

7 140 Amps TIG-S7 Weld UC,IP,P  Reject 

 15 V      

 8 L\min      

8 140 Amps TIG-S8 Weld P,IP,PS  Reject 

 15.5 V      

 10 L\min      

9 140 Amps TIG-S9 Weld IP,EP,S,PS  Reject 

 15.80 V      

 12 L\min      

Table 5: Ultrasonic Test Description 
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Surface condition As welded 

Weld type Butt 

Weld process 
GTAW 

 

Equipment 
Digital flaw detector 

 

Make Modsonic 

Couplant Grease 

Method Pulse echo 

Probe TR,45,70 & 80degree. 

Frequencies 2 &4 MHz 

Scanning db 64 db 

Specimen Thickness 6mm 

Table 6: Indication Code 

NSD- No Significant defect SP- Spatter SD- Surface Defect 

C- Crack IF- Incomplete Fusion IP- Incomplete Penetration 

RC- Root Concavity UC- External Undercut RUC-Root 

Undercut 

P- Porosity LSW-Lack of Sidewall Fusion PS- Poor Start & 

Stop 

S- Slag Inclusion EP- Excessive Penetration UF- Under fill 

 

Fig. 5: A Schematic Drawing of Ultrasonic Testing 

V. CONCLUSION 

In present study parametric analysis has been carried out for 

identifying the defect on mild steel material of plate 

thickness 6mm ,leangth 100mm and width 130mm size . 

Experiments are carried out using tagouchi Method by 

varying welding current ,welding voltage and gasflow rate 

for6mm thickness of mild steel material. Current is varied 

between 120 to140 Amps and voltage is varied between 

12.5 to 15.8 volts gas flow rate 8 to 12 L\min.by conducting  

ultrasonic ndt system We have concluded tha tat welding 

current(120A),welding voltage(13V)and    gas  flow rate(10 

L\min),  we measure the maximum defects and welding 

current(110A),welding voltage(24V)and   gas flow 

rate(3.5LPM), we measure the minimum F.W.(5.01mm).and 

at the welding current(140A),welding voltage(15.5V), gas 

flow rate(10L\min), we measure the minimum defects  and 

welding current(130A), welding voltage(14.5V), gas flow 

rate(12L\min),there are no any significant defect . 
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