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ABSTRACT 
Joining of Materials and Structures is the first and only complete and highly readable treatment of the options for joining 
conventional materials and the structures they comprise in conventional and unconventional ways, and for joining emerging 
materials and structures in novel ways. The welding technology has obtained access virtually to every branch of manufacturing; 
to name a few, bridges, ships, rail road equipments, building construction, boilers, pressure vessels, pipe lines, automobiles, 
aircrafts, launch vehicles and nuclear plants.  In many fields welding has replaced riveting and casting processes.  
Due to the high temperature introduced during welding and subsequent cooling of weld metal, welding can produce undesirable 
residual stress and the deformation on the component. It is important interest to simulate the process of welding to delineate the 
ensuring the residual stress and deformation and predict the behavior of welded structures. 
The current work focuses on to calculate the maximum stress, displacement and strain for curved plates being welded and also 
the deformation due to the temperature variation is to be calculated. For this the software like Solidworks for modeling and 
ANSYS for analysis of the welded joint is used. 
It can be concluded that the welding speed and heat input has a significant response on the weldment. And the cost incurred for 
the experimental set up and testing is reduced with the mentioned work. 
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1 INTRODUCTION. 
The welding process is an integral manufacturing procedure in many engineering and structural component, having a 
direct influence on the integrity of the components and their thermal and mechanical behavior during service. Due to the 
high temperature introduced during welding and subsequent cooling of weld metal, welding can produce undesirable 
residual stress and the deformation on the component due to rupture of the welded joints. It is important interest to 
simulate the process of welding to delineate the ensuring the residual stress and deformation and predict the behavior of 
welded structures. Some of the other identified effects are as Shrinkage, Inclusions, Segregation, Porosity, Surface defects. 
It is required to know in detail about the stresses. 
Residual stresses are those, existing within the body (say welded joint) in the absence of external force (causing) them 
they are in static equilibrium within the body and are internally balanced. If the residual stress distribution is disturbed by 
external menace such as thermal relief or removal of part of the body, new static equilibrium will be restored on the 
subsequent removal of external influence.  The residual stress state requires and represents the storage of energy within 
the body. 
A common property of residual stresses is that they are purely elastic in nature, even if they result from plastic 
deformation. Residual stress may be released by all operations which releases the elastic deformation (corresponding to 
residual stress) with consequent dissipation of elastic potential energy stored in the material. But this may be 
accomplished by plastic deformation and new residual stresses. 
Thermal stresses in welds can be very harmful if the welded structure possesses notches, porosity or cracks, etc. or they 
are very rigid where no plastic flow possible. Residual stresses can causes the distortion of the work pieces when welded, 
distortion of the welded object during machining. As stressed material is machined, the residual stress in the remainder of 
weldment adjusts them to remain in equilibrium. Thus residual stresses reduce dimensional stability. Also it result in 
weld cracking (or stress corrosion cracking), brittle fracture, lowered ductility of the metal when combined with certain 
surface conditions. Affect fatigue strength adversely; Lower the creep strength; because creep is a rate produces occurring 
in time and dependent on temperature. Welding the pressure vessel in which the surface is of round shape, therefore it is 
very important to check the welding effect on the curved plate. The curved plate welding is applicable for the pressure 
vessel which is shown in the figure1. 

 
Fig. 1 Welding joint used in pressure vessel 
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2 LITERATURE REVIEW 
An exhaustive literature review is carried out to understand the present practices and theories in welding analysis of 
plates. It will also help to obtain a better understanding of how the residual stresses will affect on the welded plates. In 
2006 Dean Deng et al. [1] generated a method of determination of welding deformation in fillet welded joint by means of 
numerical simulation and comparison with experimental measurement. 

                     
Fig. 2 Experimental model                                      Fig. 3 deformation model 

 
By using fillet welded joint he find out the deformation occurred in the plate for that purpose he done an experiment on 
the flat plate. Experiments are performed to investigate the characteristics of welding deformation in the fillet-welded 
joint. From the figure, it can be observed that the out of- plane deformation is significant. This is mainly generated by the 
angular distortion as shown in figure 2 and 3. LI YAJIANG et.al.[2], carried out the finite element analysis of residual 
stress in the welded zone of high strength steel. The distribution of the residual stress in the weld joint of HQ130 grade 
high strength steel was investigated by means of finite element method (FEM) using ANSYS software. R.Melicher et.al [3] 
found out the residual stress simulation of circumferential welded joints. He gives a brief review of weld simulation and 
residual stress modeling using the finite element method (FEM) by commercial software ANSYS. Firstly the model was 
created then by applying meshing and boundary condition the Thermo-elastic-plastic formulations using a von Misesa 
yield criterion with nonlinear kinematics hardening has been employed. Faruk Sen et.al. [5], investigated elasto-plastic 
thermal stresses in a thermoplastic composite disc that is reinforced by steel fibers, curvilinear. Finite element method 
(FEM) was used to calculate the thermal stress distribution in the model of composite disc. The solution was performed 
by ANSYS software code. The residual stress components also were calculated using elastic and elasto-plastic solution 
results. The obtained results showed that the positions of the improved thermal stresses and residual stresses were 
considerably affected increasing uniform temperature value. Zhi. Zeng et al.[8], studied that the fillet weld joint usually 
suffer from various welding deformation patterns , such as longitudinal shrinkage, transverse shrinkage , angular 
distortion , and longitudinal bending. Welding deformation has negative effect on fabrication accuracy, external 
appearance and various strengths of the welded structures. This study describes the thermal elasto-plastic analysis using 
finite techniques to analyze the thermo-mechanical behavior and evaluate the residual stress and distortion of 5A06 
aluminum alloy structure in discontinuous welding.  X.K. Zhu et.al. [10], carried out the detailed three-dimensional 
nonlinear thermal and thermo-mechanical analyses a using the finite element welding simulation code. The objective is to 
investigate the effect of each temperature- dependent material property on the transient temperature, residual stress and 
distortion in computational simulation of welding process.  Dean Deng et.al.[12] states that in automotive industry, thin 
plate parts are commonly used. During assembling process, welding technology is usually employed because of high 
productivity. Welding distortion often occurs in thin plate welded structures due to relatively low stiffness. The distortion 
causes problems not only in the assembling process but also in the final product quality. Therefore, prediction and 
reduction of welding deformation have become of critical importance. Chin-Hyung Lee et.al. [13], presents a finite element 
modeling procedure for predicting fatigue crack growth rate in butt welds subject to mode I loading condition. 
Sequentially coupled three-dimensional thermal–mechanical finite element model to simulate welding residual stress was 
first developed. The weld-induced residual stress effect on the fatigue crack growth rate was then modeled by calculating 
the stress intensity factor due to the residual stress field based on the superposition rule of the linear elastic fracture 
mechanics. The results demonstrated the significance of the residual stresses in assessment of the fatigue crack growth 
rate in the welds. 
Djarot B. Darmadi et.al.[14], has made the solutions for the temperature profile around a moving heat source are obtained 
using both analytic and finite element (FEM) methods. Analytic and FEM solutions are applied to study the temperature 
profile in welding. A moving heat source was represented using both point heat source and uniform distributed disc heat 
source models. Analytic solutions are obtained by solving the partial differential equation for energy conservation in a 
solid, and FEM results are provided by simulating welding using the ANSYS software. Comparison is made for quasi 
steady state conditions. 
 
3 ANALYTICAL VALIDATION 
The analytical calculations for the considered curved plate were done using the basic equation for calculations of 
temperature profile and the same were compared with the ANSYS results. The pre-required data is shown in the below, 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 2, Issue 8, August 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 8, August 2013 Page 238 
 

 T   =   To+   

Temperature dependent physical properties of the steel as shown in Figure 4 are employed in heat transfer analysis.   

 
Fig. 4 Temperature dependent thermal physical properties [14]. 

 
Considering the figure above the values of density, specific heat are adopted for the temperature of 1400°C which is the 
initial temperature for the present study. Also the heat rate, diffusivity, speed values were considered by referring the 
Djarot B. Darmadi et.al. [14] The values are mentioned as below, 
ρ= density= 7590kg/m3, c =specific heat=759J/kg0C,  = heat rate = 4200 J/s,  
υ = welding speed = 1×10-3 m/sec, α = diffusivity = 10 mm2/sec = 10×10-6 m2/sec 

 
Table 1 Value of Temperature changing with  

 T   T   T 
0.01 1598.52 0.11 1400.00 0.21 1400.00 
0.02 1429.79 0.12 1400.00 0.22 1400.00 
0.03 1412.78 0.13 1400.00 0.23 1400.00 
0.04 1405.54 0.14 1400.00 0.24 1400.00 
0.05 1401.68 0.15 1400.00 0.25 1400.00 
0.06 1400.00 0.16 1400.00 0.26 1400.00 
0.07 1400.00 0.17 1400.00 0.27 1400.00 
0.08 1400.00 0.18 1400.00 0.28 1400.00 
0.09 1400.00 0.19 1400.00 0.29 1400.00 
0.10 1400.00 0.20 1400.00 

 
 

4 FINITE ELEMENT ANALYSIS OF WELDING PLATE 
In the welding process high amount of heat is generated which causes change or deformation of the two parts being 
welded together. Thus to carry  out the analysis of the parts being welded as in this case the welding of the curved plated 
both the thermal and the structural analysis is needed to be carried out. In this the major stresses are being generated due 
to the temperature change and the deformation occurs in the plates. Thus first we need to carry out the thermal analysis 
and then the structural analysis must be carried out. 

 
Fig. 5 Thermal profile values 
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After solving the boundary condition the result are tabulated as below, 
 

 Table 2 Thermal profile value 
  T   T   T 

0.1 1410 1.1 1914.68 2.1 1754.45 
0.2 1857.68 1.2 1920.4 2.2 1523.6 
0.3 1914.68 1.3 1932.04 2.3 1401.66 
0.4 1933.02 1.4 1914.84 2.4 1299.4 
0.5 1920.88 1.5 1933.02 2.5 1298.7 
0.6 1912.91 1.6 2099.27 2.6 1194.86 
0.7 1942.3 1.7 1913.9 2.7 1154.8 
0.8 1914.11 1.8 1933.02 2.8 1104.86 
0.9 1933.09 1.9 1916.29 2.9 1045.29 
1.0 1914.11 2.0 1778.96 

 
To carry out the structural analysis the thermal profile obtained is taken as loads acting on the welded plates. Thus the 
need of material properties and other relevant details get avoided. For observing the effect, we have to varies both heat 
flux and speed as follows, 

Table 3: Values of parameters 
Sr. No Parameter variables Heat Flux (w/m2) Speed (mmps) 

1 Low 1.61x106 1 

2 Medium 1.82x106 2 
10111111111111

3 High 2.15x106 10 
 

4.1 Effect of Heat input 
The change in the speed during welding has a considerable effect on the displacement, stress, elastic strain and plastic 
strain along the vertical path and horizontal path of the curved plate.  The detailed discussion will be carried out on the 
effect of the heat input below, 

                      
                Fig. 6 Effect of heat input on displacement                      Fig. 7 Effect of heat input on elastic strain along  
                                     along Z direction                                                                       X direction 

                     
               Fig. 8 Effect of heat input on elastic strain                          Fig. 9 Effect of heat input on residual stress  
                                 along Z direction                                                                   along Y direction 
 
The results showed that when the heat input increases, the responses such as displacements, strain increase whereas the 
residual stress decreases. An increase of 12 % of heat input results in a significant increase in the Z-displacement (8%), 
and X-Elastic strain (60 %) and Z-Elastic strain (98 %) also the residual stress in Y-direction decreases by 27.41%. 
4.2 Effect of Speed 
The change in the speed during welding has a considerable effect on the displacement, stress, elastic strain and plastic 
strain as below, 
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                      Fig. 10  Effect of speed on displacement                     Fig.11  Effect of speed on displacement  
                                           along X direction                                                       along Z direction 
 

                
                       Fig. 12 Effect of speed on elastic strain                       Fig. 13 Effect of speed on plastic strain  
                                          along Z direction                                                           along Z direction 
 

 
Fig. 14 Effect of speed on residual stress along X direction 

  
The results showed that the welding speed has significant effect on the welding responses. When the speed increases, the 
responses such as displacements, strain increase whereas the residual stress decreases. An increase of 50% of speed 
results in a significant increase in the X-displacement by 6%, Z-displacement by 8%, Z-Elastic strain by 87% and Z-
plastic strain by 49% also the residual stress in X-direction decreases by 22.07%. 
The results obtained in the above methodology can be summarized or compared as shown in the table below, 

 
Fig.15 Comparison between Analytical and ANSYS result 

 
From the comparison of the analytical and the ANSYS values it can be seen that the values do not converge or there is a 
considerable difference in them. The Analytical solution can predict the temp at start of analysis (0.1sec) fairly accurate 
but since due to the non linear behavior, the prediction of analytical solution varies as compare to ANSYS result with an 
average percentage error of 21.63 %. 
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5 CONCLUSIONS 
1. Heat input and welding speed have significant effect on the weld response. The conclusion that drawn from the 

simulation result are as follows, 
a. With increase in heat input the displacement and strain increases whereas the residual stress decreases. An increase 

of 12 % in heat input, results in a significant increase in Z-displacement by 8%, X-Elastic strain by 60% and Z-
Elastic strain by 98%. The residual stress decreases by 27.41%. 

b. Increase of 50% in speed, results in a significant increase in X-displacement by 6%, Z-displacement by 8%, Z-Elastic 
strain by 87% and Z-plastic strain by 49%. The residual stress decreases by 22.07 %. 

2. Complex welding phenomena can be simulated using a commercial Finite Element package, viz., ANSYS. Special 
features of birth and death element has been used to simulate the deposition of weld material. 

3. Based on the simulation result, distortion or shrinkage of weldment can be predicted numerically. Thus the 
experimental analysis, which might be costly, can be avoided. 
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