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Abstract
This study is conducted to predict the weld bead geometry, 
mechanical properties and HAZ dimensions by developing 
mathematical models following statistical methods. The developed 
mathematical models in which the data is represented can be 
programmed, fed to a computer and used to develop an expert 
welding system. MATLAB and MS Excel are used for the 
complete analysis. Finally optimum setting of output responses 
was investigated through graphical method.
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I. Introduction
Submerged Arc Welding is one of the major welding processes 
in industry because of its inherent advantages, including deep 
penetration and a smooth bead. Lots of critical sets of input 
parameters are involved in Submerged Arc Welding Process which 
needs to be controlled to get the required weld bead quality [1-4]. 
Detailed information on effects of input parameters on weld bead 
quality parameters and finding out the relationship between them 
are very essential for decreasing trial run of SAW process. Reducing 
of trial run is essential to reduce the cost of welding procedure also 
[5-6]. For the submerged arc welding plates, engineers often face 
the problem of selecting appropriate combination of input process 
control variables for achieving the required weld bead quality or 
predicting the weld bead quality for the proposed process control 
values [7]. For automatic SAW, the control parameters must be fed 
to the system according to some mathematical formula to achieve 
the desired results [8-13]. These important problems can be solved 
with development of mathematical models through effective and 
strategic planning, design of execution of experiments. These 
models facilitate optimization of the process. Development of 
mathematical models also helps to improve the understanding of 
the effect of process parameters on bead quality and HAZ width 
to obtain a high-quality, to evaluate the interaction effects of bead 
parameters and to optimize the bead quality and HAZ width, to 
obtain a high-quality welded joint at a relatively low cost with 
high productivity. In the present work, prediction of the weld 
bead geometry and HAZ dimensions by developing mathematical 
models following statistical methods was done and optimum 
setting of output responses was investigated through graphical 
method to get better bead quality and minimum HAZ width.

II. Experimental Methods
The experiments were conducted as per the design matrix randomly 
to avoid errors due to noise factors. The mild steel work piece (150 
× 150 × 12 mm – 2 pieces) is cut and V groove of angle 60° as 
per the standards is prepared. The chemical composition of work 
piece material is described in Table 1. The job was firmly fixed 
to a base plate by means of tack welding and then the submerged 
arc welding was finally carried out. The welding parameters were 
recorded uring actual welding to determine their fluctuations, if 
any. The slag was removed and the job was allowed to cool down. 
Welding is carried out for the square butt joint configuration. The 
job is cut at three sections for similar welding conditions.

Table 1: Welding Process Variable and Their Limits

Fig. 1: Weld Bead Geometry Penetration (P) Reinforcement 
Height (H), Width (W) and HAZ

The samples are prepared by a standard metallographic process 
and the average values of the penetration, reinforcement height, 
and width are measured using digital vernire calliper of least count 
0.02 mm. Fig. 1 depicts the weld dimensions of SAW considered 
in present work. The measured values of weld dimensions and 
corresponding welding conditions are described in Table 2. 
With the help of optical research microscope HAZ width(s) are 
measured. Mathematical models (Table 2) have been developed 
by following multi regression method.

III. Results and Discussions
Optimization of yield parameters of SAW process: Every machine 
has some limitations. It cannot run any value of input variable. 
Every machine is able to run with the same range of values input 
variables. Suppose a submerged arc welding machine is able 
to work between 25 V to 35 V but optimum value of one of 
input variables (voltage) is 1 V. It is not acceptable because this 
machine cannot work in 1 V. So, in present work, graphs of output 
responses ( Figs. 2-9) of SAW process were drawn with the help 
of mathematical model (described in Table 2), considering input 
variables with their range (described in Table 1) and from these 
graphs (Figs. 2-9) optimum setting of input variables and values 
of output responses were presented in Table 3. From figs. 2 and 
3, it has been found that when the value of current is high then 
the penetration is high and when the current is low then the value 
of penetration is low and there is nominal effect of voltage on 
penetration.
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Table 2: Detail of Mathematical Model
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Table 3: Result of Optimum Solution of SAW Process

Fig. 2: Plot When Input Variables are Voltage and Current and 
Output Variable is Penetration 

Fig. 3: Contour Plot for Output Variable Penetration

Fig. 4: 3D Plot When Input Variable are Voltage and Output 
Variable is Reinforcement Height

From figs. 4 and 5, it has been found that reinforcement height 
increases with the increase of current but reinforcement height 
is not so affected

Fig. 5: Contour Plot for Output Variable Reinforcement Height

Fig. 6: 3D Plot When Input Varriables are Voltage and Current 
and Output Variable is Bead Width

by voltage. From figs. 6 and 7, it has been found that current has 
negative effect on bead width but voltage has a positive effect 
on bead width. From figs. 8 and 9, it has been found that, up to a 
certain value of voltage, HAZ width increases after that voltage 
has a negative effect

Fig. 7: Contour Plot for Output Variable Bead Width
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Fig. 8: Plot When Input Variables are Voltage and Current and 
Output Variable is HAZ Width

Fig. 9: Contour Plot for Output Variable HAZ Width

on HAZ width and HAZ width is more affected by voltage with 
respect to current.

IV. Conclusion
Condition for optimization of submerged arc welding process is 
maximum penetration, minimum reinforcement height, bead width 
and HAZ width. It has been found from graphs (Figs. 2-9) for this 
case maximum penetration is 7,22 mm, minimum reinforcement 
height is 0,68 mm, minimum bead width is 0,68 mm and minimum 
HAZ width is 0,55 mm. So optimum input parametric setting is 
50 V (voltage), 600 A (current), 39 cm/min (travel speed).
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