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Abstract— Welding is the most common metal 

joining process widely used in all manufacturing 

industries . The quality of weld is a very 

important working aspect for the manufacturing 

and construction industries. Because of high 

quality and reliability, Submerged Arc Welding 

(SAW) is one of the chief metal joining processes 

employed in industry. Quality of weld mainly 

depends on the mechanical properties of the weld, 

which in turn relays on the interaction of the weld 

parameters. This paper proposes an efficient 

technique Artificial Neural Network (ANN) to 

predict the weld bead quality in SAW process for 

a given set of welding parameters. Experiments 

are designed according to Taguchi’s principles 

and its results are used to train the developed 

network. The trained network is used to predict 

the quality of weld. The proposed ANN is 

developed using MATLAB functions. The 

developed method is cost effective, flexible, and 

accurate than existing models and it scopes for a 

better online monitoring system. 
Keywords: Submerged Arc Welding, Parameter 

optimization, Weld quality, ANN  

I. INTRODUCTION 

Submerged arc welding is widely used industrial 
arc welding process that needs a better prediction and 
monitoring of its parameters to produce consistent 
weld quality. Researchers are attempting many 
techniques to establish the SAW process. Earlier the 
effects of welding variables upon bead shape and size 
in submerged-arc welding was studied [1]. Fractional 
factorial techniques [2] were used to predict 
dimensions of the weld bead in automatic SAW. 
Then mathematical models [3] are used to predict 
weld bead geometry for the flux cored welding 
process. Later the effects of welding process 
parameters on weld bead width in GMAW processes 
were studied [4]. Multiple regression analysis [5, 6, 7, 
and 8] has been applied to predict the process 
parameters for gas metal arc welding. Artificial 
Neural Networks [9, 10] were used to predict the 
weld bead geometry and penetration in shielded 

metal-arc welding. ANN was trained by the data 
obtained from   multiple regression technique to 
predict shear wave velocity for a carbonate reservoir 
[11]. This paper proposes an intelligent and 
sophisticated technique “ANN” to predict weld 
quality in SAW process for given weld parameters. 

I. SUBMERGED ARC 

WELDING 

     ‘Submerged arc welding’ is also referred to in 

industry as ‘Hidden arc welding’ and ‘submerged 

melt welding’. It is a high quality, very high 

deposition rate welding process is introduced in 

1930s [12]. It is a process in which the joining of 

metals is produced by heating with an arc or arcs 

between a bare metal electrode or electrodes and the 

work. A blanket of granular fusible material on the 

work shields the arc. Pressure is not used. Filler metal 

is obtained from the electrode or from a 

supplementary welding rod.. SAW Equipment 

consists of a welding machine or power source, the 

wire feeder and control system, the welding torch for 

automatic welding or the welding gun and cable 

assembly for semiautomatic welding, the flux hopper 

and feeding mechanism, usually a flux recovery 

system, and a travel mechanism for automatic 

welding. SAW is normally operated in the automatic 

or mechanized mode, however, semi-automatic 

(hand-held) SAW guns with pressurized or gravity 

flux feed delivery are available. 

     The process is normally limited to the Flat or 

Horizontal-Fillet welding positions (although 

Horizontal Groove position welds have been done 

with a special arrangement to support the flux). Wide 

variety of steels including low and medium carbon 

steels, Nickel, Monel, Everdur and other non-ferrous 

metals can be welded by SAW. Butt welds, fillet 

welds and plug welds are the types of welds which 

are made by the SAW process. SAW process is 

applied in the areas of construction of pressure 

vessels, ship buildings, aircrafts etc. 

     The operating variables of SAW are   welding 

current, arc voltage, welding speed, electrode 

diameter, electrode extension (length of stick out), 
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type of flux, width and depth of flux layer and 

polarity and current type (AC or DC). Welding 

current directly influences the depth of penetration 

and the extend of base metal fusion. The welding arc 

voltage has a direct influence on the shape of fusion 

zone and external bead appearance. The welding 

speed has a pronounced effect on the weld size and 

penetration for a given combination of welding 

current and welding voltage. Hence careful attention 

is necessary to select the process parameters in 

welding to get a desirable weld quality. 

III.ARTIFICIAL NEURAL NETWORKS 
     ANN is an adaptable intelligent system composing 

of simple elements operating in parallel, which are 

inspired by biological nervous systems trained to 

perform a particular function by adjusting the values 

of the connections (weights) between elements so 

that a particular input leads to a specific target output. 

It is based on nonlinear mapping so that it 

approximates a majority of continuous nonlinear 

functions, which are more suitable for modeling the 

welding process. ANN is trained by the iterative 

adjustments of the weight parameters. Basic 

operation of ANN is shown in “Fig. 1”.  

 

Fig. 1. Basic operation of ANN 

IV.PROPOSED METHODOLOGY 

4.1EXPERIMENTATION 

     Experiments are planned using Taguchi’s design 

of experiments through L27 orthogonal array by 

varying the initial parameters welding current (I) , arc 

voltage (V), welding speed (S) and electrode 

extension (E) within the ranges shown in Table 1. 

Experiments are conducted on CU-BUILT (Maker: 

Cu Built Engineers, India) DC electrode positive 

(DCEP) welding machine at Precession Storage 

Vessels (P) Ltd, Kanyakumari, India. Test pieces of 

size 250mm×200mm×8 mm were cut from SA 516 

Grade 70 steel plate and its surfaces were ground to 

remove oxide scale and dirt before cladding. Copper 

coated electrode wire of diameter 2.5 mm (AWS A/S 

5.17:EL8) and flux of (EN 760SAAR 1) of grain size 

0.2-1.2 mm (SiO2+TiO2 18 %, Al2O3+MnO2 61%, 

CaO + MgO 3 % , CaF2 11%) used for welding. The 

flux was baked for 2 hours at 523 K before use. The 

operating ranges of the parameters are chosen from 

American Welding Society handbook. The 

experimental setup used consists of a traveling 

carriage with a table for supporting the specimens. 

The nozzle was held stationary in a frame mounted 

above the work table, and it is provided with an 

attachment for up and down movement to adjust 

nozzle-to-plate distance.  

     Weld samples of size 10mm (width) are cut from 

the centre of the weld specimen. The transverse face 

of the samples were polished using mesh size of 245, 

425 and 515 (grade 1/0, 2/0, and 3/0) Sianor B 1600 

sandpaper. The specimens are further polished by 

using aluminum oxide initially and then by utilizing 

diamond paste and velvet cloth in a polishing 

machine. The polished specimens after cleaning with 

alcohol are macro-etched using 2%Nital (98% nitric 

acid + 2%alcohol) solution to view the geometries of 

the weld bead. 

    Several significant parameters, such as bead 

reinforcement, bead width, bead penetration and 

dilution have been measured. Each macro-etched 

sample image is scanned using an Epson Scan jet 

(2400 X 4800 DPI resolutions using 1:1 scale). The 

bead geometry is measured by using the adobe 

acrobat-measuring tool at 500% magnification. The 

measured dimensions were compared with those 

obtained by using a Toolmakers' microscope, to test 

the accuracy of measurement. With the help of a 

digital planimeter, the areas of the parent metal 

melted (AP) and the area of reinforcement (AR) were 

measured. Percentage of dilution (D) is calculated as 

[AP / (AP+ AR)] x 100. The observed values from the 

specimens are given in Table 1. (13-19) 

     To measure the deposition rate (R), the weight of 

each sample’s before and after weld has been taken 

and noted. Total time taken during the welding was 

also noted. 

TABLE I.  EXPERIMENTAL DESIGN AND OBJECTIVES 

I 

(Amps) 

 

V 

(Volts) 

 

S 

(cm/min) 

 

E 

(mm) 

 

R 

(Kg/h

r 

 

D 

(%) 

275 28 16 25 2.746 15.7 

275 28 19 30 5.38 17.9 

275 28 22 35 3.99 19.6 

275 32 16 30 3.979 18.1 

275 32 19 35 2.844 20.1 

275 32 22 25 7.744 17.5 

275 36 16 35 2.21 19.3 

275 36 19 25 1.048 16.4 

275 36 22 30 1.355 19.2 

325 28 16 30 2.632 18.8 

325 28 19 35 1.864 21.2 

325 28 22 25 1.752 19.0 

325 32 16 35 1.352 21.1 

325 32 19 25 3.655 18.3 

325 32 22 30 1.658 21.0 
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325 36 16 25 1.916 17.4 

325 36 19 30 1.146 19.7 

325 36 22 35 1.027 22.4 

400 28 16 35 3.037 23.1 

400 28 19 25 2.749 19.2 

400 28 22 30 2.613 23.2 

400 32 16 25 3.115 18.2 

400 32 19 30 1.517 21.4 

400 32 22 35 4.486 21.6 

400 36 16 30 1.888 23.4 

400 36 19 35 3.76 21.9 

400 36 22 25 2.411 22.6 

 

     The output values from experimentation are used 

for training for the proposed ANN architecture. 

4.2PROPOSED ANN 

     The goal of a neural network is to map a set of 

input patterns to a corresponding set of output 

patterns by learning from a series of past examples 

how the sets of input and output data relate to each 

other. The network then applies(20-24) 

 what it has learnt to a new input pattern to predict 

the appropriate output.  In submerged arc welding, 

the quality of the weld bead is changed due to the 

complicated welding conditions, and accurate 

mapping is needed to produce the desired rate of 

deposition and percentage of dilution according to the 

welding parameters.(25-27) Therefore, the error 

back-propagation algorithm of the artificial neural 

network is used. The architecture of developed ANN 

is shown in “Fig. 2” is feed forward back 

propagation network trained with Levenberg-

Marquardt back propagation algorithm. The steps 

used to develop the network model are shown in 

“Fig. 3”. The number of samples for training and 

testing are 21 and 5 respectively. (26-27) The 

learning function is gradient descent algorithm with 

momentum weight and bias learning function. The 

number of hidden layers and neurons are determined 

through a trial and error method, in order to 

accommodate the converged error. The structure of 

the proposed neural network is 4-9-6-2 (4 neurons in 

the input layer, 9 neurons in 1st hidden layer and 6 

neurons in 2nd hidden layer and 2 neurons in the 

output layer . With a learning rate of 0.55 and a 

momentum term of 0.9, the network is trained for 

10000 iterations. The error between the desired and 

the actual outputs is less than 0.001 at the end of the 

training process. Command window of ANN model 

is shown in “Fig.4”. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.  Proposed architecture of the ANN model 

V.CONCLUSIONS  
    SAW Experiments are designed, conducted and the 

observations are utilized to train and predict the 

quality of weld in artificial neural network. The 

results (Table 2) of proposed prediction network in 

ANN are validated by Confirmatory experiments. A 

result from confirmatory experiments has very good 

agreement and competent is given in Table 3. With 

these encouraging results the developed model can be 

further improved by including other welding input 

parameters such as type of flux, width and depth of 

flux layer, polarity and type of current which also 

affect weld bead width. Further, hardware controls 

are to be setup for online weld bead width 

monitoring.(28-36) 
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