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Abstract - Welding is widely used procedure for fabrication of joints and structures. This method has largely been 
developed by experiments; i.e., trial and error. The problem of large temperature gradient, residual stress, and distortion in 
structures due to welding is important to control, mainly in industries where the components are expensive. Simulation of 
welding process by finite element technique is a cost effective method for the understanding and analysis of the process. In 
this paper, shielded metal arc welding of SS304 plates of dimension 140x6x150 푚푚  is studied. The finite element analysis 
of temperature distribution in three different v-groove angle configuration of 45 ,60 and 70 is performed using MSC Marc 
2013 software. The analysis include a finite element model for thermal welding simulation. It also includes a moving heat 
source, material deposit, temperature dependent material properties and transient heat transfer. Element birth and death 
technique is employed for the simulation of filler metal deposition. This reduces the computational time and memory space 
required. The peak temperatures attained at different points during deposition of weld bead from the weld centre line is 
compared. It is predicted that the groove angle has an significant effect on the magnitude of peak temperature. The 
temperature distribution that occurs during welding affects the material microstructure, hardness and residual stresses present 
in the material after welding.  
 
Keywords - AISI 304 SS, SMAW process, Finite element method, Birth and death technique, temperature distribution, 
groove angle configuration. 
 
I.  INTRODUCTION 
 
Material joining is one of the major manufacturing 
processes used to assemble components for several 
applications. 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, marine structures. 
In the process of welding, the high temperature 
differences results in large thermal strains, which 
affects the distribution of contact pressure between 
structural component. The region near the weld centre 
line undergo differential thermal cycle and non-
uniform temperature distribution. The material 
undergoes rapid thermal expansion followed by 
thermal contraction in the weld and surrounded areas, 
thus generating inhomogeneous plastic deformation 
and residual stresses in the weldment. The entrapped 
residual stresses have a strong influence on the weld 
deformation, fracture toughness and buckling strength 
(Murugan et al. 2001). Many researchers have studied 
the temperature distribution with the help of 
numerical and experimental method in weldments. 
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 and weld efficiency 
on transient temperatures and residual stresses during 
welding was studied by Mousavi and Miresmaeili 
(2008). Dong and Wei (2006) studied the effect of 
fluid flow, plasticity, external constraint, joint design, 

groove configuration and mechanical constraint on 
the residual stress distributions and on the distortion 
produced during the TIG welding process for SS304 
steel using 3D finite element analysis. Gery et al. 
(2005) studied the influence of peak temperature in 
fusion zone, which consequently effect the transient 
temperature distribution in the welded plate. 
In the present work, a three dimensional simulation of 
double pass v-groove SS304 steel plate is carried out 
for SMAW process using MSC Marc 2013 software, 
for predicting the temperature distribution in the heat 
affected zone(HAZ) and in the base plate region of 
the plate. The dimension of the plate are as follows 
140x6x150 푚푚 . The results from the work are 
investigated for distribution of temperature at and 
around the weld centre line at specified locations. 
Three different groove angle configuration namely 
45 , 60  and 70  are used for comparing the peak 
temperatures at specified locations from the weld 
centre line. The result for temperature distribution are 
first validated from Murugan et al.(2001) for good 
conformity of the process. Using the computer model, 
the time taken to cool from 800℃ to 500℃ in the 
coarse grained HAZ (close to fusion line) of AISI 
SS304 specimen 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 
temperature distribution in the HAZ and the adjoining 
base plate region for v-groove welding using shielded 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,      Volume- 5, Issue-9, Sep.-2017 
http://iraj.in 

Effect of Groove Angle Configuration on Temperature Distribution during Multipass Smaw Process of AISI 304 Stainless Steel Plates using 
Finite Element Analysis 

 
2 

metal arc welding process and to verify the numerical 
model by experimental work (Murugan et al. 2001).  
Since, the objective is to determine the 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. 
 
II. 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 number of passes and the material parameters 
(groove angle). 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 v-groove position. A 3D transient heat 
transfer finite element model is developed using MSC 
Marc 2013 software. The material of the base plate 
and filler selected for numerical simulation is AISI 
SS304 steel.  
As v-groove butt welding process can be considered 
symmetric about the weld centre line, so only half of 

the groove angle 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 6mm thickness is shown in the Fig. 
1.  
 

 
Fig. 1. Schematic model for butt welding of SS304 

 
The dimensions of the model used for simulation 
purpose are 6x140x150 푚푚  and three different 
groove angles are used (45 , 60 and 70 ). 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 software through Parasolid.X_T 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 problem, a total of 35750 
hexahedral solid elements with 39984 number of 
nodes are used as shown in the Fig. 2. 

 

 
Fig. 2. Finite element mesh of v-groove butt model 

 

Material C Mn Si S Cr Mo Ni Co P 

SS304 0.046 1.5 0.7 0.003 18.42 0.08 8.13 0.06 0.025 

Table 1.Chemical composition of AISI SS304 steel (Attarha et al. 2011). 
 
The typical composition of SS304 steel is given in 
Table 1. The thermo-physical properties of the 
material is assumed to be temperature dependent. The 
distribution of relevant properties at different 
temperatures for SS304 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 
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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 multi-pass shielded metal arc welding 
process are given in the Table 2. 

 
Plate thickness 

(mm) Pass number Weld voltage 
(V) Weld current (I) Weld speed 

(mm/s) 
Heat input    
(KJ/mm) 

 
6 

1 
2 

22 
21 

60-65 
130-140 

2.00 
2.03 

0.516 
1.047 

Table 2.Weld parameter during deposition of weld beads in AISI type 304 stainless steel plates. 
 
The arc efficiency used as per SMAW process is 
0.75%. 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 

SS304 (Attarha et al. 2011). 
 
For the front side heat source generation: 

2 2 2

2 2 2

6 3 3 3 3( , , ) exp exp expf

f f

f Q x y zf x y z v
abc a b c



 

                     
 (1) 

 
For the rear side heat source generation: 

2 2 2

2 2 2
6 3 3 3 3( , , ) exp exp expr

r r

f Q x y zf x y z v
abc a b c


 

      
               

 (2) 

 
Where x, y and z are the local coordinates of the 
double ellipsoidal model aligned with the weld line 
(Fig. 4).  

 
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: 

VIQ
v


  (3) 

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: 

x y z
T T T Tk k k q c

x x y y z z t


                           
 (4) 

 
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 SS304 is taken from the reference 
Lee and Chang (2012). The temperature dependent 
material properties for SS304 steel are given in Fig. 3 
(Attarha et al. 2011). 
 
III. RESULTS AND DISCUSSION 
 
The developed model is applied to validate the results 
for distribution of temperature obtained through 
experimental measurement for 60  double pass v-
groove plate by Murugan et al. (2001). The transient 
temperature distribution is recorded at four different 
locations along the transverse direction at a distance 
of 11.5 mm, 16.5 mm, 21.5 mm and 26.5 mm 
respectively from the weld centre line. The simulated 
peak temperature at specified location for 60  groove 
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angle 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. 
3.1. Effect of groove angle configuration on 
temperature distribution 
The welding simulations are performed with the 
specified process (SMAW) and material parameters 
as mentioned above on MSC Marc 2013 software. 

Figure 5 and 6  illustrates the distribution of 
temperature for first and second pass due to the 
application of heat source on SS304 v-groove butt 
weld for 45 , 60  and 70  respectively. Due to the 
difference in the groove angle the extent of heat 
affected zone are observed to be different. The 
thermal cycles and peak temperatures are obtained 
during the deposition of both the weld beads. The 
peak temperature attained from thermal cycles for 
different groove angles for first and second pass are 
shown in Table 3.  

 

Groove angle Pass number Measurement point (mm) 
11.5   16.5   21.5   26.5 

45  1 
2 

462    310    220    190 
585    395    296    231 

60  1 
2 

481    327    241    200 
607    409    306    241 

70  1 
2 

492    329    243    213 
624    422    316    279 

Table 3. Peak temperature (℃)  attained during weld passes in SS304 plate 
 
From this data the peak temperatuer at any location in the plate can be determined using interpolation method. 

 
(a) 

 
(d) 
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(e) 

 

 
(f) 

Fig. 6. Transient temperature distribution for second pass of (d) 45  (e) 60  (f) 70  groove angle.  
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Fig. 7, 8 and 9 shows the graph for temperature 
distribution for 60 , 45  and 70  respectively with 
time for double pass v-groove weld. It can be seen 
from the graph that as the groove angle keeps on 
decreasing from 70  to 45  the value of the peak 
temperature aslo decreases. The value of the peak 

temperature for different groove angles are mentioned 
in Table 3.  
The above result also shows that with the decrease in 
the groove angle, the temperature gradient along the 
width of the plate also decreases. This automatically 
helps in reduction of the residual stress in transverse 
as well as in longitudnal direction as given by 
Murugan et al. (2001). 
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CONCLUSION  
 
1. A three dimensional computer model based on 

finite element is developed to predict the 
temperature distribution 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 temperature 
distribution in the thickness direction, in the 
length direction and in any cross-sectional plane 
can be predicted. 

3. The magnitude of the peak temperature at 
specified location from weld line decreases with 
decrease in the groove angle. This helps in 
reduction of the residual stresses and distortion 
after welding. 

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. 

5. For more accurate prediction of temperature 
distribution the effects like magneto-

hydrodynamic, buoyancy and surface tension 
forces can also be taken into account. 
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