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ABSTRACT 

 

Submerge arc welding (SAW) has become a natural choice in industries for 

fabrication, especially for welding of pipes because of its deep penetration, smooth finish and 

high productivity. Optimum ranges of bead parameters are required for better economy and to 

ensure the desired mechanical properties. The above objectives can easily be achieved by 

development of mathematical model and execution of the experiments by response surface 

methodology. Response surface methodology (RSM) is a technique to determine and 

represent the cause and effect relationship between true mean responses and input control 

variables influencing the responses as a two or three dimensional hyper surface.This paper 

highlights the use of (RSM) by designing a four-factor two-level design matrix for planning, 

execution and development of mathematical model. For Experiment [SA-516 (Gr-70)] is used 

as a base metal. Main and interaction effects of the process variables on bead geometry and 

shape factors are presented in graphical form. From the experimental results, it is found that 

speed and voltage plays major role in finding weld bead dimensions. 

 

Keywords: optimisation, Regression analysis, Response surface methodology, weld bead 

geometry 

 

I. INTRODUCTION 

  

The submerged arc welding process is often preferred because it offers high 

production rate, high melting efficiency, ease of automation and low operator skill 

requirement.[4]Traditionally the desired welding parameters are obtained based from charts 

or handbook value which are difficult cumbersome and they does not ensure that chosen 

welding parameters are optimal for particular welding environmental.[1]Even smaller change 

in the welding process parameters may causes unexpected welding performance. Therefore, it 

is important to study stability of welding parameters to achieve high quality welding. 
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[5]Optimum process parameters selection has been investigated by some significant studies 

via establishing a mathematical model correlating welding parameters with quality 

characteristics using different approaches [1]In this study, mathematical relations (empirical 

equations) between submerged arc welding process parameters and weld bead characteristics 

were constructed based upon the experimental data obtained by four parameters-two levels 

factorial analysis. This paper deals withthe application of RSM in developing 

mathematicalmodels and plotting contour graphs relating importantinput variables namely the 

voltage(V), Current (I), the welding speed (S) andthe nozzle-to-plate distance (N), to the 

reinforcement (R), the width (W)) of the weld bead in the SAW plates. These developed 

models are very useful forengineers to predict the weld bead geometry for theproposed values 

of input variables, to select an optimumcombination of input variables for the desiredweld 

bead quality and to automise the SAW processthrough the development of a computer 

program.The cross section of a typical weld bead is shown in fig.1 

 

 
 

 
Fig .2 Experimental set-ups 

 
II. EXPERIMENTAL PROCEDURE AND SET UP: In this research experiment is 

mainly divided into six parts which is as follows.  

 

a) IDENTIFYING PROCESS PARAMETERS: 

 

The independently controllable process parameters were identified. They are welding current 

(I), welding Speed (S), voltage (V), Nozzle to plate distance (N),It was found that wire feed 

rate is directly proportional to the welding current.  
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b) LIMITS OF THE PROCESS VARIABLES 

Working range was decided by conducting trial runs and by inspecting the bead for 

smooth appearance and the absence of any visible defects. For deciding the working range, 

several trial welds were made. For determining the range of one variable, the other three 

variables were kept constant during trial runs. A similar procedure was adopted for 

determining the upper and lower limits for the welding speed and nozzle-to-plate distance. 

Also, trial welds were made, keeping the values of all the parameters both at their minimum 

and maximum values to verify quality of the weld bead, after determining the working range 

of the process parameters, the upper limit was coded as +1 and -1.After determining the 

working range of the process parameters ,the upper limit was coded as +1 and lower limit as -

1.The coded value of the intermediate levels were  calculated from the relationship[4-9] 

 

X� �
2 x � �X	
� � X	��

�X	
� � X	��
 

 

Where Xithe required coded value of a variable X; and X isis any value of the variable from 

X min to X max. The selected process parameters with their limits, units and notations are 

given  

 

c) DEVELOPING THE DESIGN MATRIX 
The selected design matrix, shown in Table 2, factorial design [4] consisting of 16 

sets of coded conditions. Design matrix is blocked with their result to reduce irrelevant 

source of variation. Response variables bead width and reinforcement are measured by using 

scale and venire calliper 

 

d)DEVELOPMENT OF MATHEMATICAL MODEL 
The response function representing any of the weld bead dimensions can be expressed as [2-

9] 

Y=F(S, V, I, N) 

Where  

Y is the response (Bead width, reinforcement)  

I is the welding currents, amps 

S is the welding speed, Inch/min. 

N is the nozzle to plate distance, mm.    

The relationship selected being a First degree response surface expressed as follows: 

 

� � �� � ���� � ���� ������+ε 

 

e) CHECKING THE ADEQUACY OF THE MODELS DEVELOPED 
 

The adequacy of the models was tested using the analysis-of-variance technique 

(ANOVA). As per this technique [2- 7]: 

The estimated coefficients obtained above were used to construct models for the response 

parameters.  The adequacy of the models so developed was then tested by using the analysis 

of variance technique (ANOVA). Using this technique, it was found that calculated F ratios 

were larger than the tabulated values at a 95% confidence level; hence, the models are 

considered to be adequate  
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The adequacy of a fitted regression model are the coefficient of determination (R'). 

For the models developed, the calculated R
2
 and adjusted R

2
 values were 

above 80% and 70%, respectively. These values indicate that the regression models are quite 

adequate the validity of regression models developed were further tested by drawing scatter 

diagrams. The observed values and predicted values of the responses are scattered close to  

the 45 ° line, indicating an almost perfect fit of the developed empirical models.To improve 

the reliability of result, experiments were planned on the basis of response surface 

methodology (RSM) techniques for statistical design of experiment. 

 

f) ExperimentalSet Up 

The experiments were conducted at Rajarambapu Institute of Technology, Rajaramnagar, 

Islampur. With the following experimental setup: 

The equipment used: ESAB submerged arc-welding equipment. 

Welding rod used: EH-14, 2. 4mm diameter. 

Work piece: SA-516 Gr-70 steel plates of 500mm× 150mm×12mm size. 

Type of joint: bead on joint with single Vbuttjoint with 0.5–1mm root gap. 

Flux: ADOR make F7P2 granular type. 

 

Regression Analysis 
Regression analysis is used to establish the relation between the variables. In this 

experiment the data was analyses by using minitab-15 software. Regression Equation 

Reinforcement versus speed, voltage, current, distance is given below.  Reinforcement=1.79-

0.0688 Speed-0.0813 Voltage+0.0812 Current+0.306Distance   Whereas, Regression 

Equation Width verses speed, voltage, current, distance is given as Width=18.60-

0.415Speed+0.380Voltage+0.0800Current-0.295distance. 

 

III RESPONSE SURFACE METHODOLOGY 
 

Response Surface Methodology (RSM) is a collection of statistical and mathematical 

techniques useful for developing, improving, and optimizing processes [1]. The most 

extensive applications of RSM are in the particular situations where several input variables 

potentially influence some performance measure or quality characteristic of the process. Thus 

performance measure or quality characteristic is called the response. The field of response 

surface methodology consists of the experimental strategy for exploring the space of the 

process or independent variables, empirical statistical modeling to develop an appropriate 

approximating relationship between the yield and the process variables, and optimization 

methods for finding the values of the process variables that produce desirable values of the 

response 

TABLE 1 

Chemical composition of work piece (SA-516 Gr: 70) 

Carbon Manganese Phosphorus 

max
4
 

Sulfur max
4
 Silicon 

0.27 0.79-1.30 0.035 0.035 0.13-0.45 
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TABLE: 2 

Process control parameters and their limits 

Variables Natural Value Coded Value 

Speed 20 24 -1 +1 

Voltage 32 40 -1 +1 

Current 300 360 -1 +1 

Distance 22 25 -1 +1 

 

TABLE:3 
Design matrix 

Weld 

conditions  

Block I Weld 

condition 

Block II 

Sp Vot Cu Dis Rein Wid Sp Vot Cu Dis Rein Wid 

1 -1 -1 -1 -1 1.1 20.02 2 1 -1 -1 -1 1.3 17.66 

4 1 1 -1 -1 1.2 18.42 5 -1 -1 1 -1 1.8 20 

6 1 -1 1 -1 1.9 18.1 8 1 1 1 -1 1.2 19 

7 -1 1 1 -1 1.5 18.6 9 -1 -1 -1 1 2.1 19.26 

10 1 -1 -1 1 2 18.14 11 -1 1 -1 -1 1.6 18.54 

11 -1 1 -1 1 1.9 18.20 12 1 1 -1 1 1.4 18.08 

13 -1 -1 1 1 2.4 17.60 14 1 -1 1 1 2 18.06 

16 1 1 1 1 2.1 19.20 15 -1 1 1 1 2.2 18.60 

 

(Sp-Speed,Vol-Voltage,Cu-Current,Dis-Distance,Rein-Reinforcement,Wid-Width)

 
Regression Analysis:.  Reinforcement=1.79-0.0688 Speed-0.0813 Voltage+0.0812 

Current+0.306 Distance Whereas, Regression Equation Width verses speed, voltage, current, 

distance is given as Width=18.60-0.415 Speed+0.380 Voltage+0.0800 Current-0.295distance.

 

TABLE 4 

Analysis of variance table of block-1and block-2 for Response Variables 

Response 

variables 

S R
2 

R
2

adj Residual error Design 

matrix 

Reinforcement 0.122474 96.8%, 92.5 3 Block-1 

Reinforcement  0.353742 95.1 88.6 3 Block-II 

Width 0.3537 90.6 78.1 3 Block-1 

Width 0.5711 75.4 42.7 3 Block-II 

The Sequential Nature of the Response Surface Methodology 

Most applications of RSM are sequential in nature 

Phase 1: At first some ideas are generated concerning which factors or variables are likely to 

be important in response surface study. It is usually called a screening experiment. The 

objective of factor screening is to reduce the list of candidate variables to a relatively few so 

that subsequent experiments will be more efficient and require fewer runs or tests. The 

purpose of this phase is the identification of the important independent variables. 

Phase 2: The experimenter’s objective is to determine if the current settings of the 

independent variables result in a value of the response that is near the optimum. If the current 
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settings or levels of the independent variables are not consistent with optimum performance, 

then the experimenter must determine a set of adjustments to the process variables that will 

move the process toward the optimum. This phase of RSM makes considerable use of the 

first-order model and an optimization technique called the method of steepest 

ascent(descent). 

 

Result analysis by using minitab-15 software . 

 

Table 5 

Optimisation Table 

Local Solution Predicted response desirability 

Speed  Voltage  Current  Distance  Reinforcement  width  

20 32 337 25 2.30 - 0.999 

20 32 300 22 - 18 0.999 

 

 

 
 

Fig 3.Optimsation Plot for Bead width 

 

 

 
Fig 4.Optimsation Plot for Reinforcement 
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Optimisation Plot 

The optimisation plot for width and reinforcement is as shown in the figure. 

Optimsation plot show the variation of the response parameters for each factor i.e welding 

current, voltage. Welding speed, difference between plate and nozzle. And its desirability is 

0.9991.from the figure it is clear that above results are in linear regression or in straight line 

and the optimal values are obtained in intermediate of the line. So from figure and analysis 

data it is observed that the optimal value for reinforcement is 2.30 mm for that welding 

current 337 amp, 32 voltage, speed 20 inch per minute and distance between plate and nozzle 

is 25mm where as for width welding current 300 amp , 32 voltage, speed 20 inch per minute 

and distance between plate and nozzle is 22mm 

 

Conformation test 
Once the optimal level of the welding parameters were selected, a conformation 

experiment to verify the improvement of the response characteristics .based on response 

surface  analysis optimal welding parameters can then obtained. Using response surface 

methodology optimal value for bead-width, bead-reinforcement .bead reinforcement is 

increased from 1.1 to 2.30 mm where as bead width is decreased from 20 to   18 mm 

thickness .from the above discussion it is clear that multiple response characteristics in the 

saw process are optimised using new process setting 

 

Results 

The mathematical models furnished above can be used to predict the weld bead 

geometry by substituting the values, in coded form, of the respective factors. The response 

calculated from models for each set of coded welding variables are represented in graphical 

from fig   -  also, by substituting the values of  desired bead geometry , the values of the 

control factors ,in coded form ,can be obtained. The main effect of the different process 

variables on the weld bead dimensions predicted from the mathematical models using the 

experimental observations. 

 

Direct effect of the process parameter 

Effect of voltage on reinforcement and bead width 

As the voltage increases reinforcement decreases and Bead width increases. Because 

as voltage increased reinforcement decreased, because voltage is directly to the length of the 

current path between the welding wire and work-piece.so as the stick-out increases voltage is 

also increases, due to that bead width is gradually increases and reinforcement is decreases. 

Fig3 shows the direct effect of voltage on reinforcement. From figure it is clear that voltage 

having negative effect on reinforcement.Whereas Voltage having positive effect on bead 

width.  As voltage increased reinforcement decreased, because voltage is directly to the 

length of the current path between the welding wire and work-piece.so as the stick-out 

increases voltage is also increases, due to that bead width is gradually increases and 

reinforcement is decreases. 
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Fig.3Scatter diagram for reinforcement Vs voltage 

 

Effect of current on reinforcement and width 

 

 
Fig.4 Scatter diagram for width Vs current 

 

Welding current is the most influential variable. It controls the rate at which welding 

wire is burned off, the depth of fusion, and the amount of base metal fused. If the current is 

too high, the depth of fusion will be too great and theWeld may melt through the backing. In 

addition to this, the higher heat developed may excessively extend theHeat-affected zone of 

the adjacent plate. Too high a current also means a waste of power and a waste of welding 

wire in the form of excessive reinforcement. If the current is too low, there is insufficient 

penetration and not enough reinforcement.As the current increases reinforcement and bead 

width increases 

 

Effect of speed on reinforcement and bead width 

As the speed increases reinforcement decreases because as speed is increased heat 

input per length of weld is decreased, Due to that weld deposition is smaller so as the Speed 

increases reinforcement and width also decreases.fig. 5 show the direct effect of speed on 

reinforcement.   
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Fig.5 Scatter diagram for reinforcement Vs speed 

 

Effect of stick out on reinforcement and bead width 

Stick-out in submerged arc welding means distance between plates to nozzle. As the 

stick out increases reinforcement is increases and bead width decreases because as the 

voltage increases weld width increases and reinforcement decreases. As voltage is directly to 

the length of the current path between the welding wire and work-piece.so as the stick-out 

increases voltage is also increases, due to that bead width is gradually increases Fig. 6 shows 

the direct effect of nozzle to plate distance on weld width. 

 

 
Fig.6 Scatter diagram for width Vs distance between plate and nozzle 

 

Interaction Effect on reinforcement and bead width 

 
Speed and Voltage on Reinforcement: Combined effect of speed and voltage is shown in 

figure 7. For optimisation point of view Speed and voltage is most important parameters, 

because the bead width and reinforcement is totally depends on speed and voltage. As the 

speed increase reinforcement is increases and width is decreases.      
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Fig7  Interaction effect of speed and voltage on reinforcement 

 

 
 

Fig.8  Interaction effect of speed and stick-out on reinforcement 

from figure it is clear that, Reinforcement gradually decreases with increases in speed, as 

speed is increased heat input per length of weld is decreased, Due to that weld deposition is 

smaller so as the Speed increases reinforcement and width also decreases. As voltage 

increased reinforcement decreased, because voltage is directly to the length of the current 

path between the welding wire and work-piece.so as the stick-out increases voltage is also 

increases,due to that bead width is gradually increases and reinforcement is decreases.  

current and stick-out on reinforcement: Combined effect of current and stick-out on 

reinforcement is shown in figure 6.7 From figure it is clear that,As the current increases 

reinforcement Increases. Too high current also means waste of power & waste of welding 

wire in the form of reinforcement .if the current is too low then there is insufficient 

reinforcement occurredwhere as stick-out having positive effect on reinforcement

Speed and Stick-out on Reinforcement: Combined effect of speed and stick-out on 

reinforcement is shown in figure 6.6. From figure it is clear that, Reinforcement Gradually 

decreases with increases in speed. But as the stick-out increases reinforcement gradually 

increases so from this it is clear that speed having negative result on reinforcement where as 

stick-out having positive effect on reinforcement. As the speed is increased heat input per 

length of weld is decreased, due to that weld deposition is smaller so as the Speed increases 

reinforcement decreases.  
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Fig.9 Interaction effect of current and stick-out on reinforcement 

Speed and Voltage on width: Combined effect of speed and voltage on width is shown in 

figure 10. From figure it is clear that, Voltage is having Positiveeffect on bead width and 

Speed having Negative effect on width. Width is gradually decreases with increases in speed, 

as speed is increased heat input per length of weld is decreased, Due to that weld deposition is 

smaller so as the Speed increases width and reinforcement  also decreases. As voltage is 

directly to the length of the current path between the welding wire and work-piece.so as the 

stick-out increases voltage is also increases, due to that bead width is gradually increases. 

 
 

Fig10 Interaction effect of speed and voltage on width.

 

CONCLUSION 
 

The following conclusions were arrived at from the above investigations 

• The two-level factorial techniques can be employed easily for developing 

mathematical model for predicting weld –bead geometry within the workable  region 

of control parameters in saw welding. 

• Response surface methodology can be used effectively in analysis the cause and the 

effect of the process parameters on the response. The response surface methodology is 

also used to draw contour graphs for various responses to show the interaction effect 

of different process parameters. 

• All of the response Viz reinforcement, Bead width decreases with increasing welding 

speed. 
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• As the nozzle to plate distance increases weld width decreases but reinforcement 

increases. 

• In this research optimise value are cross checked by conformation test and it is found 

satisfactory  

• As per experiment   optimse value for bead width is 18mm for that welding speed 20 

inch per min, welding voltage 32 welding cueernt300amp,  nozzle to plate distance 

22mm  are required and optimise value for reinforcement is 2.30 mm for that welding 

speed 20 inch per min, welding voltage 32 welding cueernt340amp  nozzle to plate 

distance 22mm are required. 
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