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Abstract-  Submerged arc welding flux system of SiO2-Al2O3-CaO based was designed to optimize the flux constituents 
for weld bead width. Taguchi L9 orthogonal array was used to design the flux system. Three constituents of the flux were 
varied, with their three levels such as NiO,MnO and MgO. Bead on plate arrangement was used. Nine experiments were 
performed at open circuit voltage at 32 volt. Weld bead width was measured as a response for each experiment. Optimal 
condition for flux constituents was studied by developing a regression model. Predicted values were compared with the 
measured value of bead width. The results are within the optimal condition of analysis. 
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I. INTRODUCTION 
 
Submerged arc welding process was performed under 
the blanket of granular flux. The flux consists of 
number of constituents such as SiO2, Al2O3, TiO2, 
MnO, MgO, CaCO3 etc. Each flux constituents has a 
different role to play. Some acts as a deoxidizing 
agent, others act as molten pool cleaners.  Some 
serves the purpose of controlling the viscosity of 
molten metal. Some agent of the flux increases the 
penetration. The flux also helps in slow cooling of 
weld area that increases the physical properties of the 
weld. Taguchi’s design has been applied for getting 
the optimal process parameter combination to achive 
desired weld bead geometry and dimensions related 
to heat affected zone [1]. 
Taguchi’s design of experiment and ANOVA was 
carried to establish input output relationship of the 
process. An attempt was made to minimize weld bead 
width, using ANN model to determine optimal weld 
parameter [2]. 
Taguchi’s design has been applied for obtaining 
optimal parametric combination to achieve desired 
weld bead geometry and dimensions related to heat 
affected zone [3]. 
Slag generated during submerged arc welding has 
been recycled by replenishing it with suitable 
alloying elements and deoxidizers by agglomeration 
method. The result shows that the chemical 
composition of recycled slag was within the 
acceptable range of AWS [4]. 
Optimization of weld bead geometry was performed 
in gas tungsten arc welding by Taguchi’s method. 
The result shows that Taguchi method provides a 
systematic and efficient methodology for searching 
the welding process parameters with optimal weld 
bead geometry [5]. 
 Recycled slag was used as a flux in submerged arc 
welding . 

The properties of weld metal deposited with the 
recycled slag were investigated. The mechanical 
properties were satisfactory and satisfied AWS [6]. 
Weld bead geometry was predicated and verified by 
developing a mathematical model  in flux cored arc 
welding. It was observed from the investigation that 
the interactive effect of process parameter on the bead 
geometry is significant and cannot be neglected [7]. 
Optimization of weld bead geometry in TIG was 
performed using grey relation analysis and Taguchi 
analysis. It can be concluded from the analysis that 
application feasibility of grey relation analysis in 
combination of Taguchi technique is very useful for 
continuous improvement in product quality in 
manufacturing industry [8]. All these analysis suggest 
that Taguchi’s analysis is a systematic and effective 
tool for optimization process of flux constituents. 
 
II. EXPERIMENTAL PROCEDURE 
 
2.1 Flux Preparation 
In the present work varying percentage of ,NiO, MgO 
and MnO  have been added in the fluxes. The fluxes 
have been designed with the help of Ternary phase 
diagram. The melting range has been prescribed as 
13250c to 1375 0c so that correct fluxing action can be 
achieved for welding of plain carbon steel plates 
(melting point of 1410 0c). L9 orthogonal array was 
used to design the flux it means that three factors 
along with three levels were considered. Factors 
along with their levels are shown in Table 1. 
Chemical composition of base plate and electrode 
wire is shown in Table 2. Composition of both type 
of flux is shown in Table 3. 

Table 1 Level of factors 
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Table 2 Chemical Composition of base plate and electrode wire 

 
 

Table 3 Composition of SiO2 based flux 

 
   
 2.2 Conduction Of Experiment 
A constant  voltage DC  SAW welding machine was 
used for welding  mild steel plate (IS-2062-A) of 
300x150x22 mm 3  using 3.15 mm diameter wire of 
grade  EL 8 DIN 8557:SI by bead on plate 
arrangement . The plates were mechanically cleaned 
before the welding was performed. The open circuit 
voltage 32v was kept constant for all welds made 
with Silicon dioxide. Trolley speed was 20 cm/min 
and electrode stick out was 22 mm. Total 9 
experiments, with all SiO2 based flux constituents 
were conducted.Other welding conditions are shown 
in Table 4.  
 

Table 4       Welding Condition parameter 

 
 
III. METHOD OF ANALYSIS 
 
After the experimental runs the welded plates were 
cleaned to remove the slag. From the center of the 
plate, a transverse section was taken; sectioned 
portion was polished and etched with 2% of natal 
solution to find out the bead geometry parameters as 
shown in fig 1. This was done with the help of Adobe 
Photoshop software. The results so obtained are 
tabulated in Table 5. 
  

Table 5 Design matrix with the measured response and S/N 
ratio 

 

 
Fig.1 Weld bead width 

 
3.1 Taguchi Procedure 
Taguchi has  given a method, design of experiments 
that is very effective tool to optimize the process for 
high quality performance with less economy. This 
system uses an orthogonal array design that can 
reduce the repetition of experiment. Other design 
procedure has so much number of experiments that 
the analysis becomes a tedious job to perform all 
experiments. Similar level of factors for Taguchi 
orthogonal array design can reduce the analysis to a 
simple and systematic way. There are some 
uncontrolled factors they affect the output of process. 
These factors are called noise factors, where as our 
derived responses are termed signal. The variation of 
index is known as S/N ratio. This is basically of three 
types such as lower is better, higher is better and 
nominal is better. The control factors that may 
contribute to decrease variation can be very easily 
identified by looking at the variation present in the 
response; this only can enhance the quality of the 
process. In our case the weld bead width 
is the response measured. 
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In our case smaller is the better is used,that is shown 
by equation no.2  
Where Y1, Y2 = Result of experimental observation; 
m = target value; and n = Number of repetitions. 
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3.2 Regression Analysis 
Multiple regression analysis technique is used to 
establish the relationship between the variables. 
Mostly used equation is linear equation .The general 
form of linear equation is given as 
 

1 1 2 2 3 3 ........................ n nK a bL bL bL bL     
……………………………….(4) 
Where K is the dependent variable, that is to be 
predicted ; L1,L2,L3 …………..LN are the known 
variable .Based on these variables predication are to 
be made. The a, b1, b2, b3…………bn are the 
constants, values of these constituents are determined 
by the method of least square. 
Multiple regression analysis is used to determine the 
relationship between the dependent variables of bead 
width with the different flux constituents such as 
NiO, MnO and MgO. The regression analysis was 
performed on the Minitab 16 version. 
 
IV. RESULT OF ANALYSIS 
 
After the experimental analysis the specimen were 
prepared and polished with the emery paper. Nital 2% 
solution was applied on the polished specimen. The 
photograph of the prepared specimen was taken by a 
10 megapixel camera. Photoshop software was used 
to determine the weld bead width, the results of the 
measured dimensions are shown in table 4. 
 

 
Fig.2   Level of flux constituents 

 
Table 6. ANOVA analysis for flux constituents 

 
 

From fig 2 the optimal level of the flux constituents 
are A3B1C2 and factor B contribution is most 
valuable as 52.81%, followed by factor A 

contributing as 37.59% and factor C is the least 
contributing. So the optimal flux constituents value 
are NiO 100gm,Mno as 50gm and MgO as 95 gms. 
 
The regression analysis of input parameters is 
expressed in linear equation as 
  
Predicted weld bead width = 2.94141 - 0.00490998 
nio + 0.00559438 mno + 0.00237731 mgo    (5) 
 

Table 7 Observed and fitted value of regression analysis 

 
 

5. Confirmatory test 
The final step is to verify the result based on the 
performance of Taguchi method. From table 5 at the 
optimal level A3B1C2 optimal S/N ration is 
calculated by using these levels .The equation used is 
shown by equation 6.     

1
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q
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                  (6)                                  

In the above equation ηOPT   is the optimum value of 
S/N ratio at  the selected optimum level. ηm is the 
overall mean of S/N ration ηi is the average value at 
the first optimum level and so on. The equation will 
give the optimal value of weld bead width by this 
optimal S/N ratio results 
 

Table 8 Result of confirmatory test at 32V 

 
 

The result of confirmatory test shows that S/N ration 
improved as -1.845 
 
CONCLUSION 
 
The following conclusion can be made from this 
analysis 
(1) Taguchi analysis can be effectively used to 
optimize the flux constituent’s composition. 
(2) MnO plays the major role followed by NiO. 
(3) S/N ration improved as -1.845. 
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(4) Optimized value of weld bead width for the 
optimal condition is 19.17 mm. 
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