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Abstract 
 
To meet the demands of high thermal and corrosion resistance in nuclear, 

thermal power plants is increasing using of nickel-based alloys for structural 

integrity. With the development of the new generation Ni-based alloys, it is 
essential to understand the thermal and structural behaviour towards the 

manufacturing process. To meet this purpose, the welding of Hastelloy C-

276 plate using the finite element analysis (FEA). Laser beam welding 

simulation is carried out using Gaussian heat source flux.  Thermal and 
residual stresses are estimated for butt joints. The thermal result is above the 

melting temperature of the base plate. Therefore, the numerical analysis 

presented good reliability and its possible for additional development. 
 

Keywords: Finite Element Analysis, Laser Welding, Heat Flux, Thermal 

Analysis, structural behaviour 

 

1 Introduction 
 

In the recent decade the increased interest in manufacturing of high-
quality welds with improved lifetime and to reduced fabrication and 

maintenance cost. Laser beam welding (LBW) process has various 

advantages namely high welding speed, process flexibility, automation, 
localized heat input, high welding efficiency, controlled bead width and 

larger depth is compared with arc welding processes. 
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Thus, the LBW process is used for manufacturing of the components like 

pressure vessels, nuclear reactors shells, fabrication of aerospace and marine 

components.  Such components are fabricated using the Nickle based alloys 
with similar and dissimilar combinations.  

Nickel-based alloys contain Mo, Cr, Fe and high amount of Ni, which 

are drawing demand in high temperature and high corrosion resistance 
applications like nuclear reactor shells, petrochemical, aerospace and power 

plants components [1], [2], [3], [4].  In this category Hastelloy C-276 owing 

importance because of its high thermal and corrosion resistance properties at 
elevated temperate. Nickel-based C-276 alloy is widely used in nuclear, 

aerospace components, chemical and thermal plant, and engine applications. 

 

2 Related Works 
 

The 3Dimensional models wereestablished to estimate the 
thermomechanical behaviours of the pulsed laser welding processes. The 

validation was carried out with experiments and close correlation was 

observed in the distortion and residual stresses in the weldments [5]. Laser 

beam welding can be operated in conduction mode for thin materials and 
keyhole mode for thick materials. The simulation was carried out for Inconel 

625 material with Gaussian heat flux, with 2.5 kW as a welding power [6]. 

The peak temperatures are at fusion zone and weld bead was narrow. 
Many researchers carried out the experimentation with laser beam 

welding process for thick materials to advance the structural and structural 

properties for similar and dissimilar compared arc welding process. 

Arivarasu et al. had investigated laser-welded Inconel825 alloy [7]. Full 
penetration was observed at a low heat input of 120 J/mm at 3.0 kW of 

power for 5mm plate, the mechanical and metallurgical characterization is 

carried out. Intermetallics of TiN and Al4C3 were observed in SEM analysis 
and the weldment are with improved mechanical properties compared with 

base material properties. Kalinga et al. had carried out experimentation with 

laser beam welding process with two different heat input for C-276 sheets. 
The study mainly concentres to improve the tensile strength of the as weld 

compared with post-weld heat treatment [8].  

Harinadh et al. had used CO2 laser beam welding process 

experimentation to understand the weldability of Inconel625 plates [9]. The 
full penetration and least distortions in the weldments are reported at lower 

welding speed. The weld distortions and residual stresses cause a problem 

during the assembly process of the components for precision fabricatedparts 
of nuclear, thermal power plants. Structural integrity in the weldments can be 

attained by elimination or reducing residual stresses in the weldments before 

final assemblies [10],[11]. During the joining process, the weld zone 
experiences high temperatures and resultant causes residual stresses and  
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distortion are developed within the weldment, these problems may cause the 

catastrophe during its cyclic applications [12]. The welding heat source flux 

used for the welding process will be exposed in the fusion zone and the 
segment change of the material takes place during heat and cooling cycles. 

The generated temperatures are non-uniform like molten fusion zone (FZ) 

causes thermal inclines within the weldment which raises in the formation of 

deformations and residual stresses [13], [14], [15]. Welding for arc or beam 
welding process, the residual stresses estimation is difficult because of 

various entities like heating and cooling rates, phase transformation, thermal 

and structural properties, heat flow mechanics during the coupling process. 
Heat source and heat flow rates are primarily involved by joining type and 

thermal and mechanical properties at higher temperatures [16], [17]. 

 

2.1 Research Highlights  
 

In the present work, at primary, the FEA is recognized to understand the 

thermomechanical distributions of butt welds of Hastelloy C-276 alloy. 
Gaussian heat flux was used for analysis using FEA for 5mm thick plate. The 

thermo-mechanical analysis is conductedwith APDL coding using the 

ANSYS. The simulated thermal distributions and residual stresses are in the 
transverse direction. 

 

3 Finite Element Analyses  
 

Dimensions of the model are 110 mm X60mm X 5mm thick plate was 

used for both simulation and experimentation studies. 3-dimensional FEA 
model is displayed in figure 1 (a), was developed using the Ansys Parametric 

Design Language. Solid 70 element is suitable for both transient thermal and 

static structural analysis [15]. The element has meshed different mesh sizes 

at fusion zone with fine mesh and remaining model with coarse mesh with an 
element size of 2mm as shown in figure 1(b). The base material thermal and 

mechanical properties used for the FEA are displayed in table 1. Gaussian 

distribution surface heat flux was considered for the thermal studies as shown 
in figure 2. The distribution was expressed by the equation (1) according to 

Goldak [13]. 

2crq(r) q(0)e
                                   (1) 

Whereas, q(r) is the heat flux with radius „r‟ from the centre of the heat 

source q(0). In the transient thermal analysis, on the top surfaceof the plates, 

the convection and radiation boundary condition was defined. The combined 

convection heat transfer was considered in including due to airflow, shielding 
gas flow rate. The ambient temperature of 30

o
C was considered. 
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(a) 

 
(b) 

Figure 1 (a) FEA model of the weld plate (b) Meshing of the plate 

Table1: Parent material thermal and Mechanical properties used for FEA 

Properties Units  C-276 

Density  (kg m−3) 8890 

Thermal Conductivity  (W m−1 K−1) 18.3 

Coefficient of thermal expansion  - 13.8e-6 

Specific heat capacity  (kJ g−1 K−1) 427 

Reference temperature  (K) 300 

Elastic modulus  (N mm−2) 2.05e11 

Poisson‟s ratio - 0.31 

 

 
Figure 2: Gaussian distribution in the mid-surface 
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4 Results and Discussion 
 

4.1 Transient Thermal Analysis 
 

To perform the transient thermal analysis the Gaussian heat flux was 

defined on the surface. The simulation is carried out with a welding speed of 

1.0 m/min. Temperatures are reported in the transverse direction on the 
surface of the plate. The nodal temperature distribution of the pate is given in 

figure 3, at time 4.8 sec. Temperatures in the weldment are varying from 303 
o
K to 2388 

o
K. Figure 4 shows the temperature at fusion zone (FZ), heat 

affected zone (HAZ) and base plate with temperature (
0
K) verse time 

distribution graph. The temperatures at fusion zone are at above the melting 

point of the base materials. The reported temperatures are 2388 
o
K at fusion 

zone, 1265 
o
K at heat affected zone and the base plate remains constant 

trough the welding time. The thermal isotherms of the are given figure 4 (b), 

the symmetry temperature distribution is seen due to the model dimension, 

heat source and boundary conditions.  
 

4.2 Structural Analysis 
 

aIn specific, FEA models are used to understand the non-linear of behavior in 
the weldments, the temperature, distortion and residuals stresses can assess 

accurately. Figure 5 shows the displacement of distortion in the weldment 

and the distortion is 2.01
-5

 m, at the mid-span of the weldment and further 
reduces to 0.74

-5
 m at the end of the plate.  The distortion is similar in the 

weldment.  

 

 
Figure 3: Nodal thermal distribution 
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(a)  

 
(b) 

Figure 4: Temperature distribution for C-276 plate at 4.5 sec (a) Temperature in 

transverse direction (b) isotherms of the weldment 

 

 
Figure 5: Distortion in the weldments 
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The stresses variation is the weldment is mainly depended upon the 

thermal gradient, material properties and heat and cooling cycles. The 

residual stresses are predicted and are reported in the transverse direction are 

given in figure 6. The tensile residual stresses are seen in the weldment. 
Residuals stresses are symmetrical as similar to the temperature distribution. 

The stresses are varying from 94.71 MPa at the middle and gradually 

decreasing to 17.1 MPa to the base plates. 

 
Figure 6: Residual stresses in C-276 in the transverse direction 

 

5  Conclusions 
 

FEA simulations are adopting for Hastelloy C-276 plate by using the 

gaussian heat flux. The laser beam welding simulation is carried out 

successfully with thermo-mechanical analysis. The peak temperature 
distribution was observed inthe fusion zone. The optimum welding processes 

parameters are initially verified using FEA, which results in cost optimum at 

the design stages. The prediction of residual stresses is helpful to choose the 

process parameter effectively, the estimated heat input parameters can be 
used for experimental analysis.  
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