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ABSTRACT: In this study, Metal Arc Welding of rolled steel (JIS G3101 SS400) specimens were studied under 

computational conditions. The finite element methodology of residual stresses in butt welding of bi-linear plates is 
conducted using ANSYS software. The study includes a finite element structure for heat (thermal) and structural 
(mechanical) welding simulation. Additionally, it also comprises of a poignant heat foundation, material dumps, heat 
dependant material chattels, metal agility and flexibility, transient heat shift and mechanical investigation. The welding 
replication was measured as a sequentially coupled thermo-mechanical scrutiny and the element birth and death technique 
was engaged for the investigation of filler metal authentication. The residual stress dispersion and enormity in the axial 
course was obtained. A good agreement between the theoretical and computed results was attained. 
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I. INTRODUCTION 
WELDING is widely applied in the automotive industries to amass various metals. It is widely accepted that the 

welding procedure relies on a powerfully channelized heat input, which is predisposed to produce undesired residual 

strain and distortions in welded structures, notably in the case of lean plate structures. Hence, assimilation of the 

magnitude of welding distortions and illustrating the consequences of the welding conditions are made necessary. With 

latest computing facilities, the finite element methodology (FEM) has become an applicable procedure for cognition and 

the forecasting of welding residual stress and deformation (Murthy, 1996). Moreover, the welding distortions are multiple 

with production dissimilarities such as measurements, welding materials and fabrication process considerations. Hence, 

swift and precise fabrication induced distortion for practical engineering application is more cumbersome. 

In multiple high temperature applications, it is mandatory to fuse modules of similar or varied chemical, physical 

and mechanical attributes. Unmistakably, the fusing of disparate metals is more painstaking than that of similar metals in 

lieu of variations in the properties of the fused base metals. Initially, fused structures are required to meet the potency pre-

requisites and the probability of defect structure needs to be forecasted and scrutinized. Above this, lag stress could 

persist in any fused structure. Fabricating residual stress could be very complicated and their allotment is very difficult to 

forecast. 

Numerous methodologies have been applied for the enumeration of residual stress in metals including stress 

easing methods, diffraction methodology, cracking procedures and methods by use of stress susceptible properties. These 

methodologies might not obtain complete stress allocation and an increasing number of these are high priced and time 

sensitive, while some of them are caustic to handle. Off late, numerical methodology was established to address 

complicated engineering challenges and among them a prime place is occupied by the procedural evaluation of weld-

induced residual stress. The finite element procedure is a preferred but conservative method of enumerating residual 

stress. 
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II. CONCEPTUAL FRAMEWORK 
               In this research, finite element analysis is adopted to execute welding replications and to forecast fabrication-

induced residual stresses in butt welding of two similar rolled steel specimens. It also comprises of a poignant heat 

foundation, material dumps, heat dependant material chattels, metal agility and flexibility, transient heat shift and 

mechanical investigation. 

 

 

 

 

 

 

 

Figure 1: Flow of research depicted 

 

III. THEORETICAL DELIBERATION 
 

Theoretically the welding procedure can be considered either by applying a thermal or mechanical analysis. 

Thermal stresses generated during a welding activity are obtained from the temperature distributions established by the 

thermal model. The residual stress output from each temperature increment is added to the nodal point location to 

establish the updated behavior of the model before the next temperature incremental. 

There are two divergent methods: SEQUENTIAL and DIRECT, in a coupled-field study, and this procedure for a 

coupled field study will be applied, based on which fields are being coupled. The sequential method involves two or more 

sequential analyses that refer to a different filed. 

 

On the contrary, the direct method normally involves just one analysis that is applicable to a coupled-field element 

type encompassing almost all required degrees of freedom. In this study, the process of welding is computed by the FE 

method. The welding procedure computation can be ideally split into two solution steps: thermal and mechanical 

analyses. 

First, the temperature and phase evolution are pre-determined as a complete function of time in the thermal 

analysis model. Subsequently, mechanical analysis adopts the previous results to obtain displacements at nodes and 

stresses at multiple integration nodes. Since the thermal field has a strong influence on the stress field with little reverse 

influence, a sequentially coupled methodology works very well. Moreover, a 3 dimensional FE analysis is a highly 

accepted rational method of ascertaining the thermal cycle of welding. Therefore, in this study, the welding process is 

simulated using a methodically coupled 3-D thermo-mechanical FE formulation based on the ANSYS code. For both the 

thermal and mechanical analyses, temperature interlocked thermo-physical and mechanical properties of the used 

materials are included. 
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To simplify the welding simulation, it is computationally effective to conduct thermal and mechanical analyses 

disparately. It is an axiom that, alterations in the mechanical state do not cause a shift in the thermal state. But a change in 

the thermal state induces a change in the mechanical state. Firstly, the computation of the temperature history during 

fabrication and subsequent cooling is completed and this temperature field is adapted to the mechanical model as a body 

force to result in the viability to analyze residual stress. 

This work includes FE models for the thermal and mechanical welding replication. In order to develop suitable 

welding numerical models it is mandatory to consider the process parameters (welding speed, number and sequence of 

passes, filling material supplying, etc. (Bonifaz, 2000)), the geometrical constraints, the material nonlinearities and all 

physical features and characteristics involved in welding. 

Hence it is a great challenge to consider all relevant factors at the same time; on a more informal note, generally 

many models include some mathematical approximation: in the works (Fricke, 2002) it is identified that many serious 

attempts were made to reduce modeling efforts and system time. This work deals with the following main axioms and 

features about the thermal model: 

• The disproportionate movement of the parts, during the fabrication process, does not affect the thermal 

distribution of the specimens themselves. 

• All material properties are tabulated and validated till to the attainment of liquid state of metal;  

• Convection and radiation effects are additionally considered. 

• The element birth and death procedure is used, as explained previously.  

 

 

Thermal analysis is the initial step and during this phase the distribution of temperature is tabulated and saved for 

each load step. Here it is taken that the thermal calculation at a given time is independent from the structural results 

obtained at a previous time according to the point (Wikander, 1994). So the thermal and the mechanical analysis can be 

uncoupled not only from a theoretical framework, but also computationally. 

 

IV. NUMERICAL EXAMPLE 

 
The welding process of a butt-fabricated joint of two G3101 SS400 plates with the dimensions shown in Fig.1 was 

simulated. IN lieu of high temperature and stress gradients near the weld, the finite element model has a relatively fine 

mesh on both sides of the weld d center line. The eight-node brick elements with linear shape functions are used to mesh 

the model. To simulate the dynamic heat source it is mandatory to model the heat source during each time increment. In 

this analysis the dynamic heat source is simplified by assuming the welding arc stayed at an element with a random 

constant specific volume h eat generation, and then moved to the next element at the end of the load step as the welding 

was finished, see Fig.2. The element type SOLID70, which has a single degree of freedom, was used for thermal analysis. 

For structural analysis the element type SOLID45, with three translational degrees of freedom at each node, was used. 

Fig.3 shows t he meshed model applied in the analysis. The temperature interlocked thermal material properties for the 

specimens, heat affected area (HAA) and the filler weld material l is assumed to be the same, see Table 1. For the 

mechanical material properties, same material m odels were applied for the weld beads and the base materials as per 

the yield strength. The plasticity material model used was von Misses rate-independent isotropic bilinear hardening. 
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Figure 2: Geometrical Structure of SOLID 70         Figure 3: Geometrical Structure of SOLID 45 
 
 

 

 

 

 
 
 
 
 

Figure 4: Geometry of the model Figure 5: Meshed Model 
used in the analysis used in the analysis 

  
Table 1: Material Properties 

                   
 

 
 
 
 
 
 
 

 
 
 
The heat input during welding is modeled in the ANSYS by the equivalent heat input which includes body heat 

flux. The amount of heat input was calculated as follows: 

 

Q ηV
UI ……….Eq. (A) 

where: η is the arc efficiency, V is the travel speed, U and I are the arc voltage and the current, respectively. In 

this analysis, the current was 181A, the voltage was 24.21V and the welding speed was 5.18 mm (sec)−1 , while the arc 

effectiveness of the process considered to be 84.92 per cent. To simulate the dynamic heat source it is mandatory to 

model the heat source during each time incremental. In this analysis the dynamic heat source is simplified by assuming 

that the welding arc stayed at an element with constant specific volume heat flux, and then shifted to the next element at 

the end of the load step as the welding was completed. Figures 4 and 5 illustrate the temperature fields of the butt welding 

plates at t=6.66 sec after the start of welding, respectively. 
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Figure 6: Temperature distribution at t = 6.66 sec 
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Figure 7: Temperature distribution at t = 20 sec 
The values of axial residual stresses calculated by the finite element method are compared with the experiments, Fig.7, 
Fig.8; these results show that the computation finite element results are very close to the experimental results. 
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Fig 8: Residual stresses in the axial directions 
 
 

V. CONCLUSIONS 
 

This work represents the FE model for numerical replication of welding residual stresses in high strength rolled 
steel butt welds (fabrication). The finite element analysis is an efficient technique in analyzing residual stresses in 
welding procedure. A three-dimensional finite element welding simulation was executed on a one-pass Manual Metal Arc 
Welding plain joint structure. The welding simulation was completed as a sequential coupled thermo-mechanical analysis 
and the element birth and death technique was adopted for the simulation of filler metal deposition. The finite element 
analysis results of the residual stress distributions of two butt welded plates in the axial directions are presented in Fig.6. 
Thus the values of the axial residual stresses tabulated and enumerated by the finite element method and experiment are 
shown in Fig.7. 
 

These results reflect that the present results obtained by the finite element method are in close proximity to the 
experimental results. This method adopted by the welding simulation can be applied in other analyses. It could consider 
different process parameters, for instance welding speed, number and sequence of passes, filler material supplying, etc. 
However, multiple geometrical constraints and material nonlinearities could be included in the analysis. In order to 
achieve results using the finite element method very close to the results obtained in experiments, various mesh sizes could 
be taken into consideration. 
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Figure 9: Comparison of FEM with ANSYS results on central line of the Specimen 
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