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Abstract 

In this article, an attempted has been made to study the 

characteristic changes obtained by the deflection of welding 

arc due to presence of external magnetic field. An attachment 

which will create external magnetic field is the one of the 

most important factor for this experiment. The magnetic field 

has been applied on the work-piece externally using in house 

manufactured variable magnetic field setup. The objective of 

this work is to study effect of magnetic field on the weld bead 

geometry due to presence of transverse magnetic field. Design 

of experiment (DOE) approach was used to plan and design 

the experiment to study the influence of magnetic field on 

weld bead width, weld bead height and weld bead penetration 

of GTA welded SAF 304 Super duplex stainless plate. Four 

input parameter- welding current, welding speed, magnetizing 

current and gas flow rate were selected to ascertain their effect 

on bead geometry. L9 Orthogonal Array (OA) technique is 

used to formulate the experiment layout. It is observed that 

weld bead width and bead height reduces as magnetizing 

current increases. 

 

Keywords: Magnetic effects;  GTAW; Arc instability; Weld 

beads 

 

Introduction 

 

Nowadays super duplex stainless steels are extensively used 

to manufacture a product of component by various industries 

like oil and gas, petrochemical, electric power industries, 

paper and pulp, because of its excellent mechanical properties 

and corrosion resistance such as good toughness, high 

strength, and resistance to stress corrosion cracking [1-4]. 

These exceptional properties are achieved by addition of 

alloying elements like chromium (Cr), molybdenum (Mo), 

nickel (Ni) and nitrogen (N). Duplex stainless steels having 

high pitting resistance equivalent number of larger than 40 is 

called as super duplex stainless steels and are characterized by 

its superior mechanical strength and corrosion resistance. The 

N is added to stabilize the austenite structure with reduction of 

expensive Ni 4-7%. This duplex stainless steel shows good 

mechanical properties due to association of the duplex 

structure with good balance in proportion of austenite and 

ferrite phases, usually in the ratio 50/50 [5]. The yield strength 

is approximately twice than austenitic stainless steel while 

maintaining lower cost.  
 These applications of duplex stainless steel to manufacture a 

quality product require the use of fabrication techniques. The 

normally utilized fabrication techniques are fusion welding. 

The fusion welding which are used to fabricate may be 

shielded metal arc welding (SMAW), submerged arc welding 

(SAW), gas metal arc welding (GMAW) and gas tungsten arc 

welding (GTAW) [6,7]. The SMAW may give the problem of 

slag entrapment hampering the quality of manufactured 

product and its performance during its application. SAW 

impose the manufacturer to utilize relatively higher heat input 

and thermal impact on the weld joint resulting in coarse 

microstructure of weld and, higher and weak heat affected 

zone (HAZ), and poor quality [8,9]. These problems can be 

resolved to some extent through the utilization of GMAW for 

making a product using fabrication. The better control of heat 

input and thermal impact on weld may be achieved by 

welding with spray mode of metal transfer through 

manipulation of transfer of super heated metal droplets. But, 

the spray mode of metal transfer in GMAW can be possible 

by using relatively larger welding current giving rise to higher 

heat input and thermal impact again, reducing the properties 

of the joint [10,11,12]. These harmful aspects of welding of 

super duplex stainless steels can be overcome by application 

of GTAW for joining. This welding process is able to join 

through use of comparatively lower thermal heat input and 

thermal impact on weld. Further, the weld will be cleaner 

without the problem of slag entrapment. The thermal impact 

of welding process on performance of weld joint may be 

improved by using pulsing of current commonly known as 

pulsed current gas tungsten arc welding (PCGTAW) [13,14].. 
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Preparation of work piece 

 

Firstly we took a mild SAF 2507 bar of width 25mm and 

depth 5mm, then we grind it surface for the removal of the 

rust and dust particles from the surface after this we cut the 

bar in 9 equal length 120 mm. We used hand cutter for the 

cutting of the work piece. After the cutting process we did the 

final surface finish on the work pieces to make it more 

accurate according to the requirement. The we cleaned all the 

work pieces with acetone to prevent it from future oxidation it 

also protect from rusting.   

Methods 

Taguchi methodology has been adapted for current research 

work. The approach and benefits of Taguchi methods is 

quality should be designed into the product and not inspected 

into it. Quality is best achieved by minimizing the deviations 

from the target. The product or Process should be so designed 

that it is immune to uncontrollable environmental variables. 

The cost of quality should be measured as a function of 

deviation from the standard and the losses should be measured 

system-wide. 

In current years, the Taguchi method has become a powerful 

tool for improving productivity during research and developed 

in order to quickly achieve quality at low cost. ANOVA was 

applied  to find out significant and non-significant parameters. 

The use of signal-to-noise (S/ N) ratio in analysis provides a 

quantitative value for comparison of variation in response. 

The desirable response characteristics for bead width (BW) 

and bead height (BH) is lower-the-better. In our present 

condition “lower is the better”, which is a logarithmic 

function based on the mean square deviation (MSD), given by 

 

2

1

/ 10log( ) 10log(1 /
LB

i

S N MSD r y i


            (1) 

Where r is the number of repetitions for each trial, 

independent of values assigned to noise factors, and yi is the 

value of the response obtained in the ith repetation of trial. 

 

Table 1: Process parameters and range 

 

Factors Welding 

Current 

Welding 

Speed 

Magnetic 

Current 

Gas Flow 

Rate 

Level 1 95 130 0.1 8 

Level 2 110 180 0.3 10 

Level 3 6.36 230 0.5 12 

 

Table 2. Average response table (BW) for mean 

 

Figure 1: The strategic planning process 

  

Selection of Orthogonal Array 

 

Total number of factors are four and each factors  having  

three levels thus DOF for each each factor will be 2 (Levels-

1). Meanwhile total DOF for entire factors be 8. This 8 can be 

accommodate by standard L9 orthogonal array as prescribed 

by Taguchi for three level of each four factors 

 

Results 

 

Our response parameter for analysis is bead height (B.H), and 

bead width (B.W). For the measurement of bead width, we 

use the Vernier scale in which we measure the bead 

horizontally along the work piece and take the main scale 

reading the Vernier scale reading and then we add the both 

reading to get actual measurement of the bead width. For the 

measurement of the bead height we use the Vernier scale in 

which we measure the bead vertically along the work piece 

and take the same procedure as like bead with measurement to 

get the measurement of the bead height.  

 

Table 3: Result table (with magnetic field) 

 

S.N A B C D B.H 

(mm) 

B.W 

(mm) 

1 95 130 0.1 8 1.63 3.28 

2 95 180 0.3 10 1.96 2.38 

3 95 230 0.5 12 2.36 3 

4 110 130 0.3 12 1.86 2.48 

5 110 180 0.5 

 

8 1.76 3.58 

6 110 230 0.1 10 2.03 2.75 

7 125 130 0.5 10 2.3 2.56 

8 125 180 0.1 12 2.07 3.11 

9 125 230 0.3 8 1.99 2.93 

 

 Average Response Table (BW) for Mean 

Factors A B C D 

Level 1 2.887 2.774 3.0467 3.2634 

Level2 2.937 3.024 2.5967 2.5634 

Level 3 2.867 2.894 3.0467 2.8634 

Difference 0.07 0.25 0.45 0.7 

Rank 4 3 2 1 
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Table 4: Result table (without magnetic field) 

 

Tables 2, 3 shows the comprehensive assessment of the bead 

height (B.H,) and bead width (BW) and fig. 1 shows the 

strategic planning process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

Fig. 2 Main effects plot (BW) for Means 

 

Table 5: ANOVA table (BW) for Mean 

 

Sources DOF SS MS %P 

A 
2 0.0078 0.0039 0.63 

B 2 0.0938 0.0469 7.52 

C 
2 0.405 0.2025 32.49 

D 2 0.74 0.37 59.36 

Error 0       

Total 
8 1.2466   100.00 

 

 

 

     

 

 

        

       Table 6: Average response table (BH) for Mean 

       

              Table 7: ANOVA table (BH) for Mean             

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Main Effects plot (BH) for Means 

 

S.N A B C D B.H 

(mm) 

B.W 

(mm) 

1 95  130 0.1 8 

 

2.21 4.62 

2 95 180 0.3 10 3.43 4.79 

3 95 230 0.5 12 2.38 4.45 

4 110 130 0.3 12 3.47 3.8 

5 110 180 0.5 8 3.13 5.54 

6 110 230 0.1 10 2.08 3.77 

7 125 130 0.5 10 1.47 4.59 

8 125 180 0.1 12 1.88 3.95 

9 125 230 0.3 8 4.63 7.59 

Sources DOF SS MS %P 

A 2 0.08468 0.04234 19.202 

B 
2 0.077356 0.038678 17.541 

C 2 0.09495 0.047475 21.531 

D 
2 0.184022 0.092011 41.728 

Error 
0       

Total 
8 0.441   100.00 

Average Response Table (BH) for Mean 

Factors A B C D 

Level 1 1.98334 1.93 1.91 1.7934 

Level2 1.8834 1.93 
1.9367 2.0967 

Level 3 2.12 
2.1267 2.14 2.0967 

Difference 0.2367 0.1967 0.23 0.303 

Rank 
2 4 3 1 
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 Fig.4  Main Effects plot (BH) for SN ratio 

 

 

 

  

 

 

                           

 

 

 

 

 

 

 

 

Fig.5 Main Effects plot (BW) for SN ratio 

 

Discussion 

 

The results for weld bead width were analyzed by using 

ANOVA to identify the significant parameters affecting the 

performance measures. The minimum values of BW is 3.77 

mm at current value of 110A in case of without application of 

magnetic field whereas 2.48mm at current value of 110A in 

case of with application of magnetic field. From table & table 

, it is found that 

  

The welding under external magnetic field gives improved arc 

stability and minimum spatter. So, weld bead was found 

smoother, regular and with no sign of porosity. It is observed 

that effect of arc stability such as poor weld bead appearance 

irregular and erratic weld deposition, lack of fusion etc.  have 

been overcome in case of welding under application external 

magnetic field. Lack of fusion may be due to backward and 

forward arc blow. It happens particularly at the end of weld 

bead in absence of magnetic field. This happens due to  

crowded magnetic flux lines near the starting and finishing 

ends of the work piece as they find an easy path through the 

work piece compared to air. The arc finds the path of least 

resistance and deflects towards the weak flux side. Due to arc 

instability spatter, i.e., scattering of molten globules of wire 

electrode occurs. This is enormous at higher currents. If 

spatter is prevented, it results in considerable financial saving 

apart from improved weld bead quality. From economy 

consideration, it is observed that more weld metal have been 

poured into the joint in case of welding under external 

magnetic field as compared to welding without magnetic field. 

This is due to the fact that spattering of weld metal is 

prevented by superimposing external magnetic field. Further, 

for higher currents savings are more. This is due to the fact 

that at higher currents, arc instability is more and more 

amount of spatter takes place. The desired position of the arc 

is maintained throughout the weld run in case of welding with 

magnetic field and with minimum spatter; the amount of metal 

deposited per unit time is more. 

 

Analysis of bead width 

The bead width is the ‘lower-the-better’ type quality 

characteristics. So, the maximum values of BW are 

considered to be optimal. The average values and main effects 

plots of S/N ratio at different levels of parameters have been 

calculated. These values are plotted along with the mean 

values of BW in Fig. (5). The main effects of S/N ratio are 

highest at the first level of welding current (A1), third level of 

welding speed (B3), first level of arc gap (C1), and second 

level of gas flow rate (D2). The relative significance of 

individual factors has been established using analysis of 

variance (ANOVA).  

 

Estimation of optimum performance of BW  

The Taguchi approach for predicting the mean performance 

measures has been applied. Two confirmation experiments for 

each performance measures have been performed at optimal 

settings of process parameters. The mean values of the 

performance measures obtained through the confirmation 

experiments (two runs). The average value of nine results of 

BW is Tavg.=12.339gm/min. The optimal value of BW can be 

calculated as follows.   

  

Optimal setting of process parameters for maximum bead 

width is A1B3C1D2. The average value of nine results of 

bead width is Tavg.=. The optimal value of bead width can be 

calculated as follows.  

 

Yoptimal=Tavg+(A1avg.-Tavg) +(B3avg.- Tavg) +(C1avg.- Tavg) 

+(D2avg.- Tavg)             

Here, from the mean table 

Tavg=2.784 

A1avg=2.880 mm 

B3avg=2.889 mm 

C1avg=  3.046 mm 

D2avg=2.863 mm 

Predicted or optimal value 

Yoptimal= 3.326mm 

 

Conformation Test for Bead Width (BW) 

 

The data from the confirmation runs and their values for bead 

width is listed in the table 9. Table 8 shows the optimized 
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parameters for bead width. From the analysis of confirmation 

result, it has found that the calculated error is small. The error 

between experimental and predicted values for metal 

deposition rate was 1.79%. So, it is obviously confirming 

excellent reproducibility of experimental work.  

 

Table 8: Optimized Process Parameters for Bead Width 

Process 

parameters 

Welding 

current 

(Amp.) 

Welding 

Speed 

(mm/min) 

Im 

(A) 

Gas 

Flow 

Rate 

(LPM) 

Bead 

Width 

(mm) 

Level 

values 

95 130 0.3 10 1.795 

Level No. 1 3 1 2 

 

Table 9: Results of Confirmation Test and their Comparison 

with Results for Bead Width 

 

Quality 

Characteri

stics 

Optimal 

Setting of 

Parameter

s 

Predicted & Confirmation results 

Predicted 

optimal 

values of 

quality 

characteris

tics 

Experiment

al values of 

quality 

characterist

ics 

% 

Error 

BEAD 

WIDTH 

(mm) 

A1B3C1

D2 

3.326 3.018 9.260 

 

Analysis of bead height 

The bead height is the ‘lower-the-better' type quality 

characteristics. So, the maximum values of  BH are 

considered to be optimal. The average values and main effects 

plots of S/N ratio at different levels of parameters have been 

calculated. These values are plotted along with the mean 

values of BH in Fig.4. The main effects of S/N ratio are 

highest at the first level of welding current (A1), third level of 

welding speed (B3), first level of arc gap (C1), and second 

level of gas flow rate (D2). The relative significance of 

individual factors has been established using analysis of 

variance (ANOVA).  

Estimation of optimum performance of BH 

Optimal setting of process parameters for maximum bead 

width is A1B3C1D2. The average value of nine results of 

bead width is Tavg.=. The optimal value of bead width can be 

calculated as follows.  

Yoptimal=Tavg+(A1avg.-Tavg) +(B3avg.- Tavg) +(C1avg.- Tavg) 

+(D2avg.- Tavg)             

Here, from the mean table 

A1avg=   2.12 mm 

B3avg=   2.1265 mm 

C1avg=    2.14mm 

D2avg=  2.096mm 

Predicted or optimal value           

Yoptimal= 2.4965mm 

Conformation Test for Bead Height (BH)  

Table 10 shows optimized parameters for bead height. The 

data from the confirmation runs and their values for bead 

height is listed in the table 11. From the analysis of 

confirmation result, it has found that the calculated error is 

small. The error between experimental and predicted values 

for metal deposition rate was 4.306%. So, it is obviously 

confirms excellent reproducibility of experimental work.  

 

 The data from the confirmation runs and their values for bead 

height is listed in the table 4.14. From the analysis of 

confirmation result, it has found that the calculated error is 

small. The error between experimental and predicted values 

for metal deposition rate was 6.35%. So, it is obviously 

confirms excellent reproducibility of experimental work.  

 

Table 10: Optimized Process Parameters for Bead Height 

Process 

parameters 

Welding 

current 

(Amp.) 

Welding 

Speed 

(mm/min) 

Im 

(A) 

Gas 

Flow 

Rate 

(LPM) 

Bead 

Width 

(mm) 

Level 

values 

110 180 0.1 8 2..496 

Level No. 2 2 1 1 

 

Table 11: Results of Confirmation Test and their Comparison 

with Results for Bead height 

 

Quality 

Characterist

ics 

Optimal 

Setting of 

Paramete

rs 

Predicted & Confirmation results 

Predicted 

optimal 

values of 

quality 

characterist

ics 

Experiment

al values of 

quality 

characterist

ics 

% 

Erro

r 

Bead 

Height 

(mm) 

A1B3C1

D2 

2.4965 2.389 4.30

6 

 

Conclusion 

 

The super duplex stainless steel is welded using in filler wire 

ER2594 in the presence of external magnetic field by varying 

parameter like welding current, welding speed, magnetising 

current and gas flow rate.  

 

1. Undercuts, spatter etc welding defects have found reduced. 

2. Weld bead width was found decreases in case of application 

of magnetic field. 

3. Weld bead height was found decreases in presence of 

magnetic field. 

4. Following are the optimized parameter for bead width and 

bead height.  

 

Output  Optimize parameter  

BW WI=125 WS=130 IM=0.5 GFR=12 

BH WI=95 WS=130 IM=0.3 GFR=10 
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