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Abstract: 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
Submerged arc welding (SAW) process is an important component in many industrial operations. The research
on controlling metal transfer modes in SAW process is essential to high quality welding procedures. Quality has
now become an important issue in today’s manufacturing world. Experiments are conducted using submerged
arc process parameters viz. welding current, arc voltage and welding speed (Trolley speed) on mild steel of 12
mm thickness, to study the effect of these parameters on penetration depth. The experiments are designed using
Taguchi method (with Taguchi L9 orthogonal array) considering three factors and three levels.
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l. Introduction

Submerged arc welding (SAW) is widely used welding process in most fabrication industries. It requires a non-
continuously fed consumable solid or tubular (flux cored) electrode. The molten weld and the arc zone are
protected from atmospheric contamination by being submerged under a blanket of granular fusible flux
consisting of lime, silica, manganese oxide, calcium fluoride, and other compounds. When molten, the flux
becomes conductive, and provides a current path between the electrode and the work. This thick layer of flux
completely covers the molten metal thus preventing spatter and sparks as well as suppressing the intense
ultraviolet radiation and fumes that are part of the shielded metal arc welding (SMAW) process.

In submerged arc welding (SAW), weld quality is greatly affected by the weld parameters such as welding
current, welding speed; arc voltage and electrode sickouts since they are closely related to the geometry of weld
bead, a relationship which is thought to be complicated because of the non-linear characteristics. However, trial-
and-error methods to determine optimal conditions incur considerable time and cost. In order to overcome these
problems, non-traditional methods have been suggested. Bead-on-plate welds were carried out on mild steel
plates using semi-automatic SAW machine. Data were collected as per Taguchi’s Design of Experiments and
analysis of variance (ANOVA) was carried to establish input—output relationships of the process.

In this study, the process parameters affecting weld quality in SAW have been identified and their effects on
performance measures have been analysed using an inexpensive and easy-to-operate experimental strategy
based on Taguchi’s parameter design. Further, an attempt has been made to analyse the impact of more than one
parameter on welding in the hard facing process because the resultant performance output is the combined effect
of the impacts of several interacting parameters in actual practice. The experimental strategy has been adapted
from the methodology outlined for successful parametric appraisal in other applications.

K. Srinivasulu Reddy [1], in his paper presented optimization & prediction of welding parameters and bead
geometry in submerged arc welding. He collected data as per Taguchi’s Design of Experiments and analysis of
variance (ANOVA) and experiment was carried to establish input—output relationships of the process. By this
relationship, an attempt was made to minimize weld bead width, a good indicator of bead geometry, using
optimization procedures based on the ANN models to determine optimal weld parameters. The optimized values
obtained from these techniques were compared with experimental results and presented. Vukojevic, N., Oruc,
M., Vukojevic, D. et al.[2,3], done performance analysis of substitution of applied materials using fracture
mechanics parameters. Younise, B., Rakin, M., Medjo, B., et al. performed numerical analysis of constraint
effect on ductile tearing in strength mismatched welded CCT specimens using micromechanical approach.
Sharma, A., Chaudhary, A. K., Arora, N., et al.[4],done estimation of heat source model parameters for twin-
wire submerged Arc welding[4]. Pillia, K. R., Ghosh [5,6] have presented some investigations on the
Interactions of the Process Parameters of Submerged Arc Welding. Reducing of trial run is essential to reduce
the cost of welding procedure. Ghosh, A., Chattopadhyaya [7], presented prediction of weld bead penetration,
transient temperature distribution & haz width of submerged arc welded structural steel plates for the
submerged arc welding plates, engineers often face the problem of selecting appropriate combination of input

IJEBEA 14-225; © 2014, JEBEA All Rights Reserved Page 43



Pradeep Deshmukh et al., International Journal of Engineering, Business and Enterprise Applications, 8(1), March-May, 2014, pp. 43-47

process control variables for achieving the required weld bead quality or predicting the weld bead quality for the
proposed process control values. Juang and Tarng [8] have adopted a modified Taguchi method to analyze the
effect of each welding process parameter (arc gap, flow rate, welding current and speed) on the weld pool
geometry (front and back height, front and back width) and then to determine the TIG welding process
parameters combination associated with the optimal weld pool geometry. Lee et al. [9] have used the Taguchi
method and regression analysis in order to optimize Nd-YAG laser welding parameters (nozzle type, rotating
speed, title angle, focal position, pumping voltage, pulse frequency and pulse width) to seal an iodine-125
radioisotope seed into a titanium capsule.

1. Taguchi Method

Taguchi’s philosophy is an efficient tool for the design of high quality manufacturing system. Dr. Genichi
Taguchi, a Japanese quality management consultant, has developed a method based on orthogonal array
experiments, which provides much- reduced variance for the experiment with optimum setting of process
control parameters.

Orthogonal array (OA) provides a set of well- balanced (minimum experimental runs) experiments and
Taguchi’s signal-to-noise ratios (S/N), which is logarithmic functions of desired output serve as objective
functions for optimization. This technique helps in data analysis and prediction of optimum results. In order to
evaluate optimal parameter settings, Taguchi method uses a statistical measure of performance called signal-to-
noise ratio. The S/N ratio takes both the mean and the variability into account. The S/N ratio is the ratio of the
mean (signal) to the standard deviation (noise). The standard S/N ratios generally used are as follows:

Nominal is best (NB), lower the better (LB) and higher the better (HB). The optimal setting is the parameter
combination, which has the highest S/N ratio.

Essentially, traditional experimental design procedures are very complicated and not easy to use. A large
number of experimental works have to be carried out when the number of process parameters increases. To
solve this problem, the Taguchi method uses a special design of orthogonal arrays to study the entire parameter
space with only a small number of experiments. The utmost advantage of this method is the saving of effort in
conducting experiments; saving experimental time, reducing the cost, and determining significant factors
quickly.

Step 1: Identification of important process variables.

Step 2: Development of process plan.

Step 3: Conducting experiments as per the plan.

Step 4: Recording the responses.

Step 5: Testing the welded job.

Step 6: Finding out the optimized values of the parameters

Step 7: Presenting the main and substantial effects of process parameters.

I1. Experimentation: Taguchi Method

The Taguchi method uses a special design of orthogonal arrays to study the entire parameter space with only a
small number of experiments. The greatest advantage of this method is the saving of effort in conducting
experiments; saving experimental time, reducing the cost, and discovering significant factors quickly. Levels of
process parameters identified are shown in Table 1. The experiment was conducted at the Welding Centre of
“TOPWORTH PIPES & TUBES LTD”, Mumbai with the following set up. MODEL-LINCON21000,automatic
SAW equipment with a constant voltage, rectifier type power source with a 1000A capacity was used to join the
two mild steel pipes of size12000mm (length) X 1250 mm (width) X 12 mm (thickness) with a V angle of 30°to
45° .4 mm root height and 0.75 mm gap between the two plates. Copper coated Electrode Auto melt EH-14 wire
size: 3.20 mm diameter, of coil form and basic fluoride type granular flux were used.Text Font of Entire
Document.
Table I: Welding parameters with different levels

Symbol Welding Parameters Level 1 Level 2 Level 3
A Welding current(amp) 500 600 700
B Arc voltage(volts) 31 32 33
C Welding speed (mm/min) 450 550 650
D Electrode stick out(mm) 28 30 32

The loss function of the higher the better quality characteristic can be expressed as:

1 1
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Where, y; are the observed data (or quality characteristics) at the i" trial, and n is the number of trials at the same
level. The overall loss function is further transformed into the signal to noise ratio. In the Taguchi method, the
S/N ratio is used to determine the deviation of the quality characteristic from the desired value. The S/N ratio (n)
can be expressed as:

n= —1010g;g (MSD) ..o cev vev et vv v e (2)

Regardless of the quality of the quality characteristic, a large S/N ratio corresponds to a better quality
characteristic. Therefore, the optimal level of the process parameters is the level with the highest S/N ratio as
shown in Table 5.

L9 3 Level Taguchi Orthogonal Array

Taguchi’s orthogonal design uses a special set of predefined arrays called orthogonal arrays (OAs) to design the
plan of experiment. These standard arrays stipulate the way of full information of all the factors that affects the
process performance (process responses). The corresponding OA is selected from the set of predefined OAs
according to the number of factors and their levels that will be used in the experiment. Below Table No.2 shows
L9 Orthogonal array.

Table Il: Experimental layout using Lg orthogonal array

Trial No. Welding Current Arc Voltage Welding Speed Electrode Stick Out
1 1 1 1 1
2 1 2 2 3
3 1 3 3 2
4 2 1 2 3
5 2 2 3 2
6 2 3 1 1
7 3 1 3 2
8 3 2 2 1
9 3 3 1 3

Multiple Regression Analysis

Multiple regression analysis technique is used to ascertain the relationships among variables. The most
frequently used method among social scientists is that of linear equations. The multiple linear regression take
the following form:

Y =a+b1X1+ b2X2 + b3X3 + - ......... + bkXk oo (3)
Where Y is the dependent variable, which is to be predicted; X1,X5,X3 .. ... ... X, are the known variables on
which the predictions are to be made and a, by, by, b b, are the co- efficient, the values of which are
determined by the method of least squares. Multiple regression analysis is used to determine the
relationship between the dependent variables of bead width and weld bead hardness with welding current, arc
voltage, welding speed, and electrode stick out. The regression analysis was done by Minitab 15 version.

After completion of the welding process the welded specimen has been kept properly on a table and the weld
bead width has measured with the help of a measuring scale. Similarly S/N ratio for weld bead width has been
found separately. The largest signal to noise ratio (mean) is considered to be the optimum level, as a high value
of signal to noise ratio indicates that the signal is much higher than the random effects of the noise factors. Table
3 shows the mean S/N ratios for the welding current, arc voltage, welding speed and electrode stick out. From
the Table 3, it is evident that largest signal to noise ratio (average) is the optimum level, because a high value of
signal to noise ratio indicates the signal is much higher than the random effects of the noise factors. The largest
S/Nayq for parameter is indicated by Optimum in the Table 5. Results shown in table 5, it can be stated that
contribution of current is maximum and contribution of speed and electrode stick out are minimum in optimum
bead width.

V. Result And Discussion

This paper has presented the application of Taguchi technique to determine the optimal process parameters for
SAW process. Experimentation was done according to the Taguchi’s design of experiments. Using the signal-
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to-noise ratio technique the influence of each welding parameters are studied and the prediction of the bead
geometry is done. Then it is used to predict the SAW process parameters for any given welding conditions.
From the available 9 data sets, 9 data sets are used to train the network as given in Table 3.

Table I11: Training data sets

Trial No. Welding Arc Welding Electrode Bead Width Measured
Current Voltage Speed mm/min Stick Out (mm)
(Amps) (Volts) (mm)
1 500 31 450 28 14
2 500 32 550 32 14
3 500 33 650 30 15
4 600 31 550 32 16
5 600 32 650 30 16
6 600 33 450 28 17
7 700 31 650 30 16
8 700 32 550 28 17
9 700 33 450 32 17

Table 1V: Experimental layout using L9 orthogonal array and S/N ratio for weld bead width

Trial Weld Arc Weld Elec Bead Mean S/N ratio
No. ing Volt ing trode Width square (dB)
Curr age Speed Stick Out Measu deviati
ent (Volts) mm/min (mm) red on

(Amps) (mm)
1 500 31 450 28 14 196 22.92
2 500 32 550 32 14 196 22.92
3 500 33 650 30 15 225 23.52
4 600 31 550 32 16 256 24.08
5 600 32 650 30 16 256 24.08
6 600 33 450 28 17 289 24.60
7 700 31 650 30 16 256 24.08
8 700 32 550 28 17 289 24.60
9 700 33 450 32 17 289 24.60

Table V: Mean S/N ratio for weld bead width

Weld Parameters Levels Mean S/N
ratio
Welding Current Level 1(500) 23.12
Level 2 (600) 24.25
Level 3(700) 24.42
Arc Voltage Level 1(31) 23.69
Level 2 (32) 23.86
Level 3(33) 24.24
Welding Speed Level 1(450) 24.04
Level 2 (550) 23.86
Level 3(650) 23.89
Electrode Stick Out Level 1(28) 24.04
Level 2 (30) 23.89
Level 3(32) 23.86
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From Table 3 it can be predicted that the optimum level parameters for achieving optimum result of weld bead
width if the path A2-B3-C1-D1 is followed: [Welding current (A2) 600A, Arc voltage (B3) 32V, Welding speed
(C1) 450 mm/min, electrode stick out (D1) 28 mm]. Multiple regression analysis has been used to determine
the relationship between the dependent variables of bead width with welding current, arc voltage, welding
speed, and electrode stick out. The regression analysis of the input parameters is expressed in linear equation as
follows:

Predicted Weld bead width 13.7-0.125A+1.13B-0.375C+0.375D ............ (4)

=13.7-0.125 x welding current + 1.13 x Arc voltage  -0.375 x welding speed + 0.375 x Electrode stick out.
From the above equations, predicted values of weld bead width has been found out and tabulated with the
measured value at Table 4.

V. Conclusion

An experiments was carried out to establish the relationship between process variables and optimization tools
are used to find an optimal solution. It is observed that the developed of model is a powerful tool in
experimental welding optimization, even when experimenter does not have to model the process. A Taguchi
orthogonal array, the signal to noise (S/N) ratio and analysis of variance were used for the optimization of
welding parameters. A confirmation experiment was also conducted and verified the effectiveness of Taguchi
optimization method.

A. Confirmation test for weld bead width

A test sample, having same size and dimension as per earlier specification has been taken and performed
welding at the optimum predicted process parameters at path, welding current, 600A, Arc voltage 32 V,
Welding speed 450mm/min and Electrode stick out 28 mm.
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