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Abstract:
Submerged Arc Welding (SAW) is a fusion welding process in which the heat is produced from an arc which is produced from a
continuously fed electrode wire struck to the work piece under a blanket of powdered flux. Submerged arc welding is particularly
useful in applications where thick sections are to be welded (like ship building industries). The heavy currents involved in the process
lead to deeper penetration of the weld. These deep penetration welds may not be suitable when submerged arc welding process is to
be used for surfacing applications where low penetration and consequently less dilution are desired. Efforts have been made in this
study to achieve low penetration (and lower dilution) by varying the process parameters. Bead on plate technique was used for the
experimentations. As bead geometry is directly related to dilution, the welds obtained for experimental runs were cut into suitable
sizes and bead geometry was studied. Depth of penetration, bead width and reinforcement height were taken as response characteristic
for all the runs. The result of the experiment was analyzed and has been presented in this paper. Of all the process parameters, the
current polarity affects the dilution most significantly and straight polarity is being recommended as the desired polarity for surfacing
operations.
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I. INTRODUCTION

II. LITERATURE

The submerged arc welding process is utilized the heat of an arc
between a continuously fed electrode and the work. The heat of
the arc melts the surface of the base metal and the end of the
electrode. The metal melted off the electrode is transferred
through the arc to the work piece, where it becomes the
deposited weld metal.Shielding is obtained from a blanket of
granular flux, which is laid directly over the weld area. The flux
close to the arc melts and intermixes with the molten weld metal,
helping to purify. The flux forms a glass-like slag that is lighter
in weight than the deposited weld metal and floats on the surface
as a protective cover. The weld is submerged under this layer of
flux and slag, hence the name submerged arc welding. The flux
and slag normally cover the arc so that it is not visible. SAW
normally uses constant-voltage power supply and is selfregulating, so it can be used with a constant speed wire feeder.
The current is controlled by the wire diameter, the electrical
stick-out, and the wire-feed speed, while the voltage is
controlled by the power supply. Direct current supply is the best
choice for the high-speed welding of comparative thin steel
plates.

[1] Elaborates the study of welding procedures generation for the
submerged arc welding process. Several research works have
already been carried out in the field of submerged arc welding
for parametric optimization. [2] studied the effect of process
parameters on output features of submerged arc weld by using
Taguchi method. [3] applied grey-based Taguchi methods for
optimization of submerged arc welding process parameters in
hard facing. They considered multiple weld qualities and
determined optimal process parameters based on grey relational
grade from grey relational analysis proposed by Taguchi. [4] 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. [5] 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. It was
experimentally reported that, the four smaller-the-better quality
characteristics, „four responses‟ of the weld pool in the TIG
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welding of S304 stainless steel of 1.5 mm in thickness are
greatly improved by using this approach. Laser butt-welding of a
thin plate of magnesium alloy using the Taguchi method has
been optimized by Pan et al. [6].They studied the effect of NdYAG laser welding parameters (shielding gas type, laser energy,
conveying speed, laser focus, pulse frequency and pulse shape)
on the ultimate tensile stress. Their result indicated that the
pulse shape and energy of the laser contributed most to thin plate
butt-welding. [7] have continued their investigation and studied
the effect of the laser welding parameters mentioned above on
the impact strength of the same joint at room temperature using
the same optimizing technique. The results indicated that the
laser power has the most significant effect on the impact
strength. [8] 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. The accurate control of
the melted length of the tube end was the most important to
obtain a sound sealed state. [9] used Non-dominated Sorting
Genetic Algorithms (NSGA) to optimize the contradicting
combination of strength and toughness of steel welds. [10]
applied Response Surface Methodology (RSM) for prediction
and otimization of weld bead quality in submerged arc welding
of pipes by stablishing mathematical models. [11] applied grey
based Taguchi method for optimization submerged arc welding
process parameters in hard facing. [12] developed statistical
models for predicting bead volume of submerged arc butt-weld.
[13] studied the effect of process parameters on output features
of submerged arc weld by using Taguchi method. The
relationship between control factors and performance outputs
was stablished by means of nonlinear regression analysis,
resulting in a valid mathematical model. Finally, Genetic
Algorithm (GA) was employed to optimize the welding process
with multiple objectives. [14] applied Taguchi philosophy for
parametric optimization of bead geometry and HAZ width in
submerged arc weld.
Selection of parameters
It is very important to select right welding parameters for
designed experimental runs. Wire feed rate (F), Open circuit
voltage (V), current polarity (P) and welding speed (S) were
selected as welding parameters since they can be varied

independently. The ranges of selected parameters were finalized
after performing extensive trial runs. The working range of two
levels was decided upon by inspecting the deposited bead
carefully so that it was free of any visible welding defect like
surface porosity, undercut, overlap, excessive convexity and
cracks etc. and it had smooth and uniform appearance
throughout the length. The high and low levels of the parameters
were coded as +1 and -1 respectively. The actual values of
parameters corresponding to the coded values are given in Table
1
Table 1: Parameters and their values at two levels

OCV
Wire Feed
Travel Speed

V
F
S

L1
(-1)
33 Volts
12 mm/sec
6 mm/sec

Polarity

Po

Electrode (-)

L2
(+1)
42 Volts
24 mm/sec
10 mm/sec
Electrode(+)

Experimental Procedure
The experiments were planned to conduct on a power source of
constant voltage. Constant potential transformer-rectifier type
power source with a current capacity of 600A at 60% duty cycle
and an open circuit voltage ranges from 0-56 volts was
employed. The plates were chemically and mechanically cleaned
to remove oxide layer and any other source of hydrogen, before
welding. Weld beads were deposited using a mechanized
submerged arc welding station to ensure the consistency during
experimental run. The weld beads were deposited using flat
position „Bead-on-plate‟ technique on 250 x 90 x 10 mm mild
steel flat, using 3.15 mm diameter mild steel wire electrode with
agglomerated flux. The experiments were conducted in random
fashion using the table of random numbers to eliminate any
systematic error of experiment. The readings were recorded only
after the equilibrium between welding wire feed rate and burn
off rate got established and the arc was kept on to lay a weld
bead of around 250 mm. the trials were repeated for many times.
The welded plates were cut through its centre along the crosssectional direction for evaluation purpose. The bead geometry
viz. penetration (p), reinforcement (h), weld bead width (w) and
percentage dilution (%D) were measured by using the software.

Table.2. Parameters used for Experiment
Ex. NO.
1
2
3
4
5
6
7
8

Condition
C1
C2
C3
C4
C1
C2
C3
C4

Wire Feed Rate(mm/s)
3.5
2
3.5
2
3.5
2
3.5
2

III. RESULTS AND DISCUSSION:
Polarity change affects the amount of heat generated at electrode
and the work piece and hence the metal depositing rate, weld
bead geometry and mechanical properties of the weld metal.
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OCV (v)
42
42
33
33
42
42
33
33

Polarity
EN
EN
EN
EN
EP
EP
EP
EP

Welding
Speed (mm/s)
2.5
4
4
2.5
2.5
4
4
2.5

There is arc spread in straight polarity is more than in reverse
polarity resulting in a higher bead width and less penetration
with the straight polarity. The two third of the total heat was
generated at the positive electrode and the one third of the total
heat was generated at the negative electrode.
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Electrode
Negative

40
30
The percentage of dilution equals the amount of base metal
melted(Ap) divided by the sum of base metal melted (Ap) and
filler metal added (Ar), the quotient of which is multiplied by
100.

% Dilution

10
0

Table.3. Calculated Dilutions
CONDITION
POLARITY
NO.
EN1
condition 1
EN2
condition 2
EN3
condition 3
EN4
condition 4
EP1
condition 1
EP2
condition 2
EP3
condition 3
EP4
condition 4

cond. 1cond. 2cond. 3cond. 4
% DILUTION
39.95
42.81
44.38
42.21
49.60
49.28
60.85
46.52

ELECTRODE
NEGATIVE

70

20

Figure. 3. Effect Of Polarity On Haz
The HAZ and DILUTION values found to be less in case of
straight polarity than in case of reverse polarity.
IV. CONCLUSION:
The present work was the effort to quantify the effect of polarity
on dilution and bead penetration in submerged arc welding. It is
seen from the results that polarity is one of the parameter which
affects significantly the bead geometry particularly in terms of
dilution and bead penetration. It is also seen that welding with
electrode negative polarity, wire feed rate influences penetration
insignificantly. The change of polarity from electrode positive to
electrode negative decreases the dilution.
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