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1. Introduction 

While performing the groove welding process, the 

thermal effect plays an important role influencing changes 

in various mechanical characteristics of the component. 

This research study is carried out in an intent to provide nec-

essary computational data on the structural behaviour of 

mild steel flange due to temperature variance during the 

groove welding process.  

This research highlights the methodology to esti-

mate the mechanical response of mild steel components 

welded together to support heavy loading conditions during 

their runtime. The existing research on welded steel compo-

nents is limited to linear weld path, axisymmetric geometry 

of 2-dimensional models and no major study is done to eval-

uate the structural response of AISI 1020 mild steel under 

groove welding process.  

In this research study, the stick welding phenome-

non for a circular path V-groove is simulated numerically 

under specified welding parameters for different plate thick-

ness. The computational data from this research study is ob-

tained from a set of simulations using finite element ap-

proach enacting the real-world welding conditions through 

a concept of ‘moving heat source’ integrated with the tran-

sient analysis in ANSYS FEA software. The primary objec-

tive to perform the simulation using FEA approach is to pre-

dict the induced stresses from the temperature variance dur-

ing welding and the distortion associated with such variance 

along the path of the weld [1]. 

The results of this study give an estimation of the 

induced thermal stresses and deformations during the 

groove welding process and these parameters are idealised, 

tabulated, and concluded with an approach to determine the 

optimised design technique for welded components. 

2. Experimental background 

Flange supports are seen in piping and other sys-

tems because it tends to ease the maintenance criteria of the 

technical person in charge and also provides feasibility to be 

repaired and maintained. Flange can be either welded or 

bolted depending on certain circumstances and needs. 

Bolted flanges undergo a series of heavy loading during the 

runtime and hence require periodic testing while operated at 

higher loading conditions due to their bolt failure [2]. 

During the welding process, it is important to ana-

lyse the structural behaviour of the component due to ther-

mal variation as it may have an impact in the overall perfor-

mance. The deformation caused during the welding process 

is of major research consideration since it reiterates the orig-

inal structural behaviour under loading. Flanges essentially 

need to be optimised in terms of shape to withstand high 

thermal stresses during the welding process and at the same 

time have more durability [3]. 

The estimation of material properties of compo-

nents which undergo welding process is of primary im-

portance to determine its life against apparent loadings. 

Some important material properties which are affected by 

the temperature variance during welding are thermal con-

ductivity and the coefficient of thermal expansion of the ma-

terial, yield strength and the elastic modulus. These proper-

ties have adverse effect on the material’s structural response 

under substantial loads [4]. 

AISI 1020 steels have been used immensely in re-

cent times for their extreme cutting and formability proper-

ties. These alloys of steel can also be substituted for AISI 

304 which share similar material and structural properties 

which are suitable for welding and cutting operations. This 

research study deals with the data and material properties 

evaluation of welding similar components made of AISI 

1020 steel. The process involved is a groove welding pro-

cess of a circular path containing chamfered edges [5]. 

The Fig. 1, a show a typical support flange which 

has a cylindrical pipe welded to the base plate of 20 mm 

thickness. The plate thickness of hot rolled mild steel plates 

comes in standard sizes from 3 mm to 25 mm for fabricating 

industrial machinery. The most commonly used MS plate 

thickness for commercial machinery is 25, 20, 16 and 

10 mm. These bearing support flanges are mostly fabricated 

using 20 mm plates in order to balance the strength-to-

weight ratio.  

This type of support flanges are fabricated for sup-

porting a shaft being rotated by gear at 300 rpm. These sup-

port flanges are housed in an industrial core cutting machine 
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with a 6004-deep groove ball bearing of 20 mm inside di-

ameter and 47 mm outside diameter housed inside its hollow 

cylindrical space. These support bearing flanges experi-

ences the forces from the rotation of gear at higher rpm and 

also the vertical bearing load of the shaft connected to it. 

These support flanges are welded together using stick weld-

ing approach which uses a standard E6013 welding rod to 

join the two mild steel components. The E6013 is a medium 

coated rutile based electrode designed for welding structural 

steel components operating on both AC and DC voltages. 

The diameter of the electrode selected for welding the flange 

assembly is of 3.15 mm outer diameter with a length of 

350 mm and a standard flux coating throughout the length 

of the electrode with an electric supply of 100 to 140 amps 

during the welding operation. The E6013 electrode has a 

yield strength of 450 MPa and a tensile strength of 510 MPa 

with an elongation percentage of 2.5 [6]. 

 

                        a                 b 

Fig. 1 a) General view of the fabricated welded flange;  

b) welded flange of plate thickness 20 mm assembled 

onto an industrial core cutting machine in the work-

shop 

3. Computational approach 

A three-dimensional model of the flange assembly 

was created in SolidWorks (student version 2021) with the 

dimensions obtained from revere engineering the original 

component. In this research, a welded support flange is con-

sidered and its structural behaviour due to thermal variance 

is evaluated, comparing its response to welding scenario 

with different plate thickness. The computational set up for 

the simulation plays a major role in this modelling approach 

as the simulation is performed and evaluated in two distinct 

phases. The simulation model is then solved in for transient 

conditions in ANSYS 2021 FEM software. 

 

Fig. 2 Technical drawing the welded support flange 

The above Fig. 2 shows the technical dimensions 

and placements of the welded support flange made of 

AISI 1020 steel alloy. 

 

                             a        b 

Fig. 3 a) Isometric view of the computational 3D model;  

b) the weld split into divisions for transient condi-

tions 

The above Fig. 3 is a three-dimensional represen-

tation of the computational model welded together at their 

chamfered cylindrical ends. The weld is split into 10 equal 

divisions to cater the transient conditions of the welding pro-

cess in ANSYS. 

 

Fig. 4 The weld section of the computational model 

The above Fig. 4 shows the weld region between 

the two components. The components are chamfered to 2 

mm at their ends and the weld is placed on the chamfered 

end. The thickness of the weld is kept at 4 mm with a groove 

angle of 90o between the two components. The weld has an 

arc radius of 2.83 mm. The model was constructed as an in-

tegrated model in three-dimensional space to reduce the 

computational complexity while simulating transient condi-

tions [7]. 

3.1. Finite element model 

The three-dimensional finite element model was 

generated in ANSYS workbench using a structured meshing 

technique for creating quadratic hexahedral elements of 

372220 nodes and 79920 elements. 

The above Fig. 5 shows the constructed FE ele-

ments on the three-dimensional model. Since the computa-

tional model is solved under transient conditions with re-

spect to time, the model is constructed with Hex20 and 

Wed15 elements in ANSYS finite element assembly mesh-

ing environment. The Hex20 element is a 3-D higher order 

hexahedron element of 20 nodes exhibiting quadratic dis-

placement behaviour and is also known as SOLID186. 
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These SOLID186 elements are generated in the possible 

mapped region of the model and then transitioned to Wed15 

elements in the feasible regions around curvature [8, 9]. 

 

a 

 

b 

Fig. 5 Structured finite element generation on the welded 

three-dimensional model assembly in ANSYS work-

bench a) front: b) rear weld region 

Table 1 

Finite element quality evaluating parameters 

Parameter Min. Max. Avg. Standard 

Deviation 

Element quality 9.98 0.99 0.63 0.38 

Aspect ratio 1.01 60.26 5.87 6.99 

Jacobian ratio 1 7.40 1.24 0.36 

Orthogonal quality 0.16 0.99 0.84 0.24 

 

This structured meshing technique of generating 

quadratic hexahedral elements is carried out in various 

stages and the ANSYS local mesh controls are utilised dur-

ing the FE model construction. The model undergoes a mul-

tizone meshing algorithm where the sweep able regions are 

constructed with mapped hexahedral elements and the linear 

path is meshed using edge sizing algorithm which specifies 

the number of divisions of elements along the length of the 

path. The weld model is constructed using mapped face 

meshing with quadratic properties [10]. 

4. Results and discussions 

4.1. Simulated three-dimensional thermal response 

The phenomenon of "moving heat source" [11] has 

been adopted to perform transient thermal analysis in which 

the welded region of the model is subdivided equally into 

10 sections and numerically simulated on each surface grad-

ually.   

The thermal simulation parameters are taken from 

the original real-world welding scenario where the compo-

nents are welded together with a 3.15 × 300 mm E6013 

welding electrode with 100 – 140 amps supply from DC +/- 

AC 50V. 

The power of heat flow on the surfaces of the weld 

is kept at 5000 W with convection values of ‘stagnant air- 

simplified case’ applied over all outer surfaces of the com-

ponent. Applying this heat flow through transient thermal 

analysis, the resultant data gives a maximum temperature of 

± 3000°C on the surface of the weld when the room temper-

ature is maintained at 22°C. This preheating temperature of 

the weld segments is subsequently solved under transient 

time steps of 10 divisions to evaluate the mechanical behav-

iour under the preheated temperature [12,13]. 

 

a 

 

b 

Fig. 6 a) Maximum temperature distribution against time;  

b) maximum heat flux distribution against time 

The above Fig. 6, a shows the plot of distribution 

of temperature due to heat flow on the subdivided surfaces 

of the weld with respect to time. This distribution is almost 

identical on all three flanges of different plate thickness. 

The plot in Fig. 6, b shows the maximum heat flux 

distribution in the three different flanges of different plate 

thickness t. The 16 mm flange tends to have the least distri-

bution at almost all intervals while the 10 mm and 20 mm 

shift peak points accordingly. 

4.2. Simulated three-dimensional structural response to pre-

heated temperature  

In the second phase, a transient structural analysis 

with respect to time is performed where the thermal load is 

imported from the previously performed temperature distri-

bution study with the constraints fixed at the four holes on 

the four corners of the flange. The model is solved for tran-

sient structural conditions with respect to time and the struc-

tural response to the thermal loads are predicted by compar-

ing the maximum displacement and stress values of the 

models.
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                                                a                                                                                               b 

Fig. 7 a) Total deformation; b) max. equivalent von Mises stress distribution contour of the 10 mm plate thickness 3D model 

 

                                                 a                                                                                                b 

Fig. 8 a) Total deformation; b) max. equivalent von Mises stress distribution contour of the 16 mm plate thickness 3D model 

 

                                                 a                                                                                               b 

Fig. 9 a) Total deformation; b) max. equivalent von Mises stress distribution contour of the 20 mm plate thickness 3D model

In the above Figs. 7 - 9, the time dependent struc-

tural responses of the different plate thickness models (10, 

16 and 20 mm) are given in the form structural deformation 

and the von Mises equivalent stress distribution contours 

under preheated temperature variance under time-based 

conditions. These contours are derived from the time step 2 

which fairly gives an estimation of how the gradual temper-

ature change from one division of weld to and another divi-

sion induces a structural response around the region of weld 

causing a drastic change in its structural characteristics due 

to the effect of plate thickness variation. 

Table 2 

Results of the numerical study for different plate thickness 

Plate thickness, 

mm 

Resultant values 

Total deformation, 

mm 

Eq. von Mises stress, 

MPa 

10 0.016 282.8 

16 0.017 257.9 

20 0.029 299.3 
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The above Table 2 gives the maximum estimates 

of the deformation and von Mises stress of the varying plate 

thickness models.  

4.3. Comparative estimation of the structural response of the 

3D models against time 

The Fig. 10 presents the comparison of total defor-

mation of the support flanges with different thickness with 

respect to their equivalent time steps. The plot explicitly re-

veals the 20 mm thickness flange has the least deformation 

while the 10 mm has the highest. 

 

Fig. 10 Comparative deformation plot against time for the 3 

different plate thickness models 

 

Fig. 11 Plot of maximum stress distribution and average 

stress distribution of the 10 mm flange against time 

The above Fig. 11 displays the distribution of stress 

in the 10 mm plate component due to thermal variance of 

weld. The two plots, first with the exact obtained values and 

the second averaged throughout the simulation, in-order to 

exhibit clear comparison during the final stage.  

 

Fig. 12 Plot of maximum stress distribution and average 

stress distribution of the 16 mm flange against time 

 

Fig. 13 Plot of maximum stress distribution and average 

stress distribution of the 20 mm flange against time 

 

Fig. 14 Comparative plot of maximum stress distribution  

The above Fig. 12 and Fig. 13 displays the stress 

distribution in the 15 mm and 20 mm thickness plate com-

ponents along with its average stress distribution against 

time. The primary approach is to give a comparative estima-

tion of the average stress values for the varying plate thick-

ness models with their normal stress values since these ob-

tained values tend to fluctuate rapidly with respect to time.  

The above Fig. 14 displays the comparative plot of 

the maximum stress distribution of the varying plate thick-

ness models with respect to time. From this plot, it can be 

clearly observed that the 10 mm plate thickness flange has 

the least stress distribution whereas the 20 mm thickness 

flange has the highest stress distribution values. 

From these stress distribution plots, it is evident 

that the 10 mm plate thickness model is induced with the 

maximum thermal stresses due to the temperature variance 

during the computational welding scenario. 

5. Conclusion 

The three-dimensional computational model of the 

welded component was developed and the evaluation of the 

mechanical behaviour under welding conditions were nu-

merically simulated using the finite element tool ANSYS. 

The effect of plate thickness which compromises the struc-

tural characteristics of welded components based on tem-

perature variance during the welding process is evaluated 

for a bearing support flange which undergoes a groove 

welding method of joining the mild steel components.  

The circular groove weld of the model was radially 

split into 10 equal divisions and the concept of moving heat 

source along the length of the weld was simulated under 

transient thermal conditions of 10 steps for the varying plate 
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thickness models. The material’s structural response to-

wards the predefined thermal loads was evaluated using a 

combined thermal-stress numerical approach and the result-

ant contours and graphs were plotted against time. 

This research study provides sufficient computa-

tional data of mild steel welded components where the me-

chanical response to thermal loads explicitly affects the de-

formation characteristics and stress intensities of the entire 

welded component. The deformations observed in the 16 

mm plate to its equivalent von Mises stress parameter is of 

similar ratio to the 20 mm plate. The 16 mm plate also has a 

stable stress distribution throughout the 10 steps of the time-

based simulation in comparison with the other two plates.  

Hence this research proves to be useful in estimat-

ing the structural characteristics of mild steel welded com-

ponents under time dependent predefined thermal loads. 

Although this research is limited to its numerical capabili-

ties, the experimental estimation under real-world con-

trolled environment could provide a more in-depth under-

standing of the mechanical behaviour of these industrial 

components. 
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INFLUENCE OF TEMPERATURE VARIANCE ON 

THE MECHANICAL PROPERTIES OF A WELDED 

BEARING SUPPORT FLANGE UNDER TRANSIENT 

CONDITIONS USING FINITE ELEMENT APPROACH 

S u m m a r y 

During a welding process, the influence of temper-

ature distribution plays an important role affecting the vul-

nerable regions of the welded component. This research 

aims at presenting data on similar cases where a detailed 

comparative evaluation provides necessary data for design-

ing a component based on its structural behaviour due to in-

duced temperature variance during the groove welding pro-

cess using finite element approach.  

The finite element simulations render a real-world 

scenario of the groove welding process by integrating the 

concept of ‘Moving heat source’ under transient conditions 

in ANSYS. The numerical comparative study is achieved by 

simulating a thermal study of the welded components of dif-

ferent bearing support flange plate thickness and evaluating 

its structural behaviour under induced thermal loads. 

The numerical solutions obtained from these sim-

ulations provide necessary data which helps in identifying 

the feasible design approach to increase the life of a welded 

component under such temperature-dependent conditions. 

Keywords: support flange, finite element, weld, structural 

behaviour, temperature variance. 
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