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Abstract- In submerged arc welding (SAW) process the mode of heat transfer during and after weld is through conduction, 
convection and radiation but major of heat loss is by conduction and convection which acts as a major phenomenon for the 
change of microstructure of weld bead and base metal. Simulation of welding process by numerical approach is a cost 
effective technique for the analysis of welding process. In this paper, submerged arc welding of mild steel plates of 
dimension 100x10x300 mm3 is studied. The finite element analysis of the temperature distribution in 3 different volumetric 
flux percentage used (33%,66%,100%) is analysed using MSC Marc (R)2013 software. The analysis includes a finite element 
model for the thermal welding simulation including a double ellipsoidal moving  heat source, material deposit, temperature 
dependent material properties and transient heat transfer. For the filler metal deposition Element birth and death technique is 
employed reducing the computational time for the simulation. The peak temperature is also attained at different points 
during the filler metal deposition form the weld centre line. It was predicted that the presence of flux as a blanket have a 
significant effect on the cooling time of weld bead and base metal. The temperature drop occurred after welding affects the 
material microstructural properties. 
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I. INTRODUCTION 
 
Welding is one of the most important material joining 
process widely used in industries. The industries are 
actively considering a number of alternate welding 
technologies that would enable the increased use of 
lightweight and high performance materials. Welding 
includes many applications such as ships, aircraft, 
and marine structures. SAW process involves a flux 
applied on the top of the plate which acts as a blanket 
on the welded arc. After melting the flux acts as a 
heat source and changes the heat transfer conditions 
and cooling rate at the weld bead position, which is 
responsible for the change in the microstructural 
properties of the welded part. It is important to 
implement the convection in the thermal analysis of 
the weld because convection is often the dominant 
mechanism of heat transfer within the weld zone. 
Saw can be conveniently used to weld a wide range 
of plate thickness in a single run because of the high 
deposition rate. The high current density results in 
deep penetration, so that the plate up to 16 mm thick 
can be butt welded without any edge prepration. 
Welding process parameters like electrode diameter, 
travel speed, work piece thickness, current and 
voltage greatly affects the temperature distribution 
pattern of temperature and hence there is a significant 
effect on the cooling rate of the work piece. A large 
number of models has been studied in the published 
literature for finding out the nead profile in the 
submerged arc welding process. Most of them have 
concentrated on the bead geometry prediction and 
have advocated the need for the cooling time 

simulation so that they can be utilized for the 
simulation of complex welded structure and its 
cooling rate 
Many researchers have studied the temperature 
distribution with the help of numerical and 
experimental method in weldments. M.M.Mahapatra 
et al. (2006) used an element deactivation and 
activation technique to simulate the deposition of the 
electrode molten metal in the SAW process 
Armentani et al. (2007) adopted an element birth and 
death technique in single pass butt welded joint in 
order to simulate the weld filler variation with time. 
The effect of thermal properties on transient 
temperatures during welding was studied by Mousavi 
and Miresmaeili (2008. Kiran et al. (2010, 2011) 
simulated SAW-T process by considering heat 
transfer from the leading and trailing arcs with two 
independent double ellipsoidal volumetric heat 
sources H.Arya et.al (2013) studied the cooling rate 
effect on micro-hardness for SAW Welded Mild 
Steel Plate and made conclusions that Micro-
hardness of weldment at low heat input is higher at 
all points (weld bead and HAZ) as compare to the 
weldment at Medium and high heat input. Ankush 
Batta et.al (2015) gave a review on Optimization of 
Submerged Arc Welding Process and concluded that 
Fluxes melt to form a protective slag over the weld 
pool. Slag keeps oxygen off weld bead during 
cooling. All these described models are the 
conduction-based models, and hence they fail to 
consider the convection phenomenon inside the weld 
pool. In the present work, a three dimensional 
simulation of single pass square butt joint of Mild 
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steel plate is carried out for Submerged arc welding 
process using MSC Marc 2013[R] software, for 
predicting the cooling time after the weld bead is laid 
on the rectangular plate without any edge prepration 
with adequate reinforcement. The dimensions of the 
plate are 100x10x300 mm3. The results from the 
work are investigated for distribution of temperature 
at and around the weld centre line at specified 
locations. The different volumetric flux covering on   
weld pool i.e. 33%, 66%, and 100% is used for 
comparing the cooling time of weld pool and heat 
affected zone  at specified locations. The result for 
the temperature distribution are first validated from 
MM.Mahapatra et al.(2006) for the good 
confirmatory of the welding process. Using the 
computer model, the time taken to cool of weld pool 
and base plate from molten stage to ambient 
condition i.e. 1400oC to 25oC in the coarsegrained  
HAZ  of the mild steel is calculated. From this 
cooling time and chemical composition of the 
material, the maximum hardness in the coarse 
grained HAZ can also be predicted using a formula 
as given by Yurioka et al. 1987. The main objective 
of the present work is to develop a numerical model 
for the determination of cooling time temperature 
distribution in the HAZ and the adjoining base plate 
region for square butt welding using Submerged  arc 
welding process and to verify the numerical model 
by experimental work (Mahapatra et al. 2006). 
Since, the objective is to determine the cooling time 
and  temperature distribution in the HAZ and the 
adjoining base plate region, the complex phenomenon 
within the weld pool, such as magneto-hydrodynamic 
effects, buoyancy and surface tension forces are not 
included in the present investigation. However it is 
realised that for more accurate prediction these 
phenomenon also need to be taken into account. 
Using the thermal cycle data, a residual stresses 
developed in the plate owing to welding can also be 
estimated. 
1. NUMERICAL SIMULATION 
In a welding process, an intense heat is applied at the 
localised location. The high magnitude of heat flux 
melts the material at the interface and upon 
solidification the material fuses to form a solid 
welded joint. The weld strength of the joint depends 
on the type of flux covering on the bead as a blanket 
and thermal properties. To study the effect of various 
process parameters and to study the welding 
characteristics, finite element simulation of the 
welding process is a cost effective technique. The 
welding simulation is assumed as a transient heat 

transfer problem with localised heat input at the joint 
interface of the two plates in square butt position. A 
3D transient heat transfer finite element model is 
developed using MSC Marc 2013(R) software. The 
material of the base plate and filler selected for 
numerical simulation is Mild steel.  
 
As square butt welding process can be considered 
symmetric about the weld centre line, so only half of 
the square groove geometry and base plate is 
modelled for simulation purpose. This reduces the 
computational time without altering the final result. 
The schematic of the model used for welding of 
similar plates of 10mm thickness is shown in the Fig. 
1.  

 
Fig. 1. Schematic model for butt welding of Mild steel  

 
The dimensions of the model used for simulation 
purpose are 100x10x300푚푚  and different flux 
accumulation are used (33%, 66%, 100%). The solid 
model of the plates are generated using Solid Works 
software due to ease of building the model. The 
model from Solid Works software is imported into 
Patran 2013(R) software through Parasolid.xt format. 
Mesh seeding is performed to have a different mesh 
density at different analysis locations. A finer mesh 
density is defined at and around the HAZ. The mesh 
density is reduced in gradual steps to minimise the 
number of elements for minimum loss of temperature 
gradient. For the current analysis, a total of 33600 
hexahedral solid elements with 41006number of 
nodes are used as shown in the Fig. 2. 

 

 
Fig. 2. Finite element mesh of square butt model  

 

 
Table 1.Chemical composition of mild steel (Mahapatra et al. 2006) 
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The typical composition of Mild steel is given in 
Table 1. The thermo-physical properties of the 
material are assumed to be temperature dependent. 
The distributions of relevant properties at different 
temperatures for Mild steel are given in Fig 3. 
The heat source used for applying the localized heat 
is assumed as a moving volumetric double ellipsoidal 
heat source model (Fig 4) proposed by Goldak and 
Akhlaghi (2005). In this model, the heat is assumed 
as a volumetric generation of heat within the selected 
elements as per the current location of the welding 
arc. The total heat content is distributed into front and 

rear ellipsoids as per the specified proportion (Goldak 
and Akhlaghi 2005). Element birth and death 
technique is used for the deposition of the filler 
material for both the passes. In this technique the 
element selected gets initially deactivated which 
automatically recalls at the time of run. This helps in 
saving the computational time and memory space of 
the computer. 
In the present work, the process parameter used for 
simulating the single pass Submerged arc welding 
process are given in the Table 2. 

 

 
Table 2.Weld parameter during deposition of weld beads in Mild steel plate. 

 
The arc efficiency used as per SAW process is 0.95%. The moving volumetric double ellipsoidal heat source 
model by Goldak and Akhlaghi (2005) is given by the following equations. 

 

 
Fig. 3 Temperature dependent thermo-physical properties of MS (Mahapatra et al. 2006). 

 
For the front side heat source generation: 
 

 
 

For the rear side heat source generation: 
 

 
 

Where x, y and z are the local coordinates of the 
double ellipsoidal model aligned with the weld line 
(Fig. 4). 
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Fig. 4. Goldak’s double Ellipsoidal heat source model. 

Heat source parameters as shown in Fig. 4 are defined 
to be a = 5mm, b = 5mm, 푐  = 2.5mm, 푐  = 10mm, 푓  
= 1.4 and 푓  = 0.6. The power of the welding heat 
source (Q) is calculated by using the following 
empirical relation: 

 
The parameter a is the weld width along the 
transverse direction, b is the weld penetration depth 
along the arc direction, 푐  and 푐  are the forward 
length and rear length respectively in the weld path 
direction. These parameters are determined through 
experimental study of the weld pool and are adjusted 
to create desired melted zone geomerty according to 
the prescribed welding conditions.  
The governing differential equation for the 
conduction in a solid is given by: 
 

 
 

Where 푘 , 푘  and 푘  are the thermal conductivities in 
x, y and z directions respectively, 휌 is the density of 
the material, c is the specific heat capacity, T is the 
current temperature, q is the heat flux vector and t is 
the time. To incorporate the effect of radiation along 
with convection for heat loss, the heat transfer 
coefficient (h) for MS is taken from the reference 
M.M.Mahapatra (2006). The temperature dependent 
material properties for mild steel are given in Fig. 3 
(Mahapatra et al. 2006). 
 

III. RESULTS AND DISCUSSION 
 
The developed model is applied to validate the results 
for distribution of temperature obtained through 
experimental measurement for square butt single pass 
with reinforcement of MS  plate by Mahapatra et al. 
(2006). The transient temperature distribution is 
recorded at five different locations along the 
transverse direction at a distance of 7 mm, 19 mm, 28 
mm,45 mm and 86 mm respectively from the weld 
centre line. The simulated peak temperature at 
specified location square butt have a good confirmity 
with the experimental results. There are minor 
variation in the temperature distribution which may 
be due to the difference in the thermal conductivity 
property between the experimental and numerical 
data, non-inclusion of the effect of spattering of 
molten metal during numerical simulation and the 
approximation of the heat source model. 
 
Effect of flux accumulation on cooling time 
The welding simulations are performed with the 
specified process (SAW) and material parameters as 
mentioned above on MSC Marc 2013 software. 
Figure 5 and 6  illustrates the distribution of 
temperature for single pass due to the application of 
heat source on MS  butt weld for 33%, 66% and 
100% of the flux accumulation respectively. Due to 
the difference in the flux percentage on the weld bead  
the extent of cooling time are observed to be 
different. The thermal cycles and peak temperatures 
are obtained during the deposition of  the weld bead. 
The cooling time attained from thermal cycles for 
different flux accumulation for the first pass is shown 
in Table 3. 

 

 
Table 3Cooling time attained for flux accumulation in MS 

plate 

From this data the peak temperatuer at any location in the plate can be determined using interpolation method. 

 
Fig. 5. Transient temperature distribution for 33% flux accumulation on weld bead 
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Fig. 6Transient temperature distribution for 66% flux accumulation on weld bead 

 
(c) Fig. 7. Transient temperature distribution for 33% flux accumulation on weld bead. 

 

 
Fig.8 Temperature distribution for 33% flux accumulation 
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Fig.9 Temperature Distribution for 66% Flux Accumulation 

 

 
Fig.10 Temperature Distribution for 100% Flux Accumulation 

 
Fig. 8,9 and 10 shows the graph for cooling rate for 
30%, 60% and 100% flux accumulation respectively 
with time for single pass square butt groove weld. It 
can be seen from the plotted graph  that as the value 
of flux covering is increased  from 33% to 100% the 
cooling time is decreased. The value of cooling time 
is mentioned in Table3. The above result also shows 
that with the increase in the flux value, the cooling 
rate along the weld line also decreases. This will 
automatically change the microstructural properties o 
the base plate and heat affected zone. 
 
CONCLUSION 
 
1. A three dimensional computer model based on 

finite element is developed to predict the cooling 
time  in the heat affected zone and in the base 

plate region, using weld parameters as input data 
to the computer model. A good match between 
experimental results and theoritical prediction is 
obtained. 

2. Using the simulation model the cooling time in 
the thickness direction, in the length direction 
and in any cross-sectional plane can be predicted. 

3. The magnitude of the cooling time across the 
HAZ and weld pool decreases with the increase 
in flux thickness along the weld pool. 

4. Using the computer model, the time taken to cool 
from 800℃ to 500℃ in the coarse grained HAZ 
can be calculated. From this cooling time and 
chemical composition of the material, the 
maximum hardness in the coarsed grained HAZ 
can be predicted theoritically as given by 
Yurioka et al. 1987. 
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5. For more accurate prediction of cooling time the 
effects like magneto-hydrodynamic, buoyancy and 
surface tension forces can also be taken into account. 
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