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The development of an accurate and meticulously designed simulation model for heat 

distribution during welding has helped maintain the popularity of welding as a reliable 

approach for attaching components. A simulated heat source involves uneven heating, 

resulting in uneven deformation and stress. An ANSYS simulation is used to analyze the 

stress in a welded flat plate. The simulation models are created using SOLIDWORKS 

software. The model employs the temperature-dependent characteristics of alloy steel to 

function as a thermal model that evaluates stress and the distribution of heat within the 

structure. This study offers a comprehensive examination of welded joints through the 

utilization of THERMO-MECHANICAL Finite Element Analysis (FEA) tools, 

specifically ANSYS. The study focuses especially on the analysis of single U and 

unsymmetrical double U welding connections. The study examined the heat distribution, 

thermal loads, and impacts on fixtures associated with welding, specifically focusing on 

the design of the welding joint. The results indicate that the heat from welding caused a 

maximum deformation of 0.55 mm for the single U joint and 0.54 mm for the double U 

welding joints. Both joint configurations displayed significant thermal stress at a distance 

of 5 mm from the center of the weld. According to the ANSYS models, the heat-affected 

zone (HAZ) has a length of 45.4 mm for a single U joint and 53.6 mm for an unsymmetrical 

double U joint. The second aspect of this investigation involves assessing the comparative 

durability or thermal strains of various depositions in the previously mentioned joint. 

Moreover, it is essential to assess the expected heat distortion and stress when examining 

prospective welding materials for on-site use. This will enhance the implementation of the 

material. 
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1. INTRODUCTION

Welding is a method of joining that is extensively utilized 

in the industry because of the generally recognized benefits, 

such as the reduction of costs and weight, the higher 

performance of structures that have been welded, and the 

flexibility available in the design process. Several different 

welding procedures have been developed over time [1]. Many 

other industry sectors continue to find the ongoing 

advancement of these procedures to be vital. Recent 

developments have generally concentrated on improving 

welding techniques, demonstrating their compatibility with 

cutting-edge materials, broadening the range of applications 

for these techniques, and gaining a better understanding of and 

overcoming the inherent limitations of the process. Regarding 

the latter, welding technologists must resolve the considerable 

temperature variations formed during welding. These 

discrepancies persist as a key source of issues. During the 

welding production process, the material is subjected to 

temperature distributions that are not uniformly distributed. 

The repeated heating and cooling cycles produce localized 

temperature differences, which in turn cause the weld and the 

surrounding areas to undergo rapid expansions and 

contractions. Ma et al.’s [2] research result illustrated the 

thermodynamics and mechanics simulation using the validated 

finite element model, along with the energy-based damage 

model, provided insights into the failure mechanisms and 

damage evolution of the thick steel plate welded joints under 

complex cyclic loading conditions. Zhang et al.’s [3] study 

demonstrated the capability of the developed thermo-

metallurgical-mechanical coupled model in accurately 

predicting the residual stress and distortion distribution in the 

thick steel plate welded joints and provided insights into the 

underlying mechanisms governing the residual stress 
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formation. Yang et al. [4] demonstrates the capability of the 

2D finite element modeling approach in accurately predicting 

the temperature field and residual stress distribution in thick 

steel plate welded joints. It also provides insights into 

optimizing the welding sequence to effectively mitigate 

residual stresses. 

It has been established that these deformations can cause 

plastic deformations and residual stresses in the vicinity of the 

welded structure through their actions. In the long run, these 

results can impact the fatigue strength of welded structures and 

damage their quality, performance, and reliability. 

Additionally, they have the potential to cause difficulties for 

the entirety of the sessions. Quantifying the fatigue resistance 

of welded systems has been the subject of a significant amount 

of study, which includes the utilization of the height stress 

technique [5]. The potential for welding fractures to spread 

due to welding has been the subject of additional study [6], 

which has focused on welding joints' influence on the fitting 

of layout requirements. Even though welding might generate 

compressive residual stresses, which may be advantageous in 

reducing deformations and fracture propagation, it is 

abundantly clear that this type of information is essential to 

fulfill the criteria of the product. This involves ensuring the 

structure is protected and preventing assembly problems and 

distortions [7]. Many researchers have focused on creating 

models capable of predicting and contrasting heat distribution, 

deformations, and residual stresses. In general, it is extremely 

difficult to properly gather comprehensive records of the 

distribution of heat, deformations, and residual stresses in 

welded structures and the use of experimental techniques 

because these processes are expensive, and there is a 

possibility that they may result in dimension inaccuracies. To 

overcome these limitations, it is possible to use the most recent 

advancements in computational techniques [8, 9].  

These strategies simulate welding procedures, quantify 

residual stresses and distortions, propose welding sequence 

enhancements, and recognize welding parameters' effects 

(which include bypass velocity, power, and heat source 

distribution) on deformation, residual displacement, and 

pressure fields. These strategies have been proposed. To 

analyze welded joints, these numerical models usually make 

use of the Finite Element Method (FEM), with a particular 

emphasis on transient elastic-plastic thermal-stress 

evaluations [10]. The simultaneous occurrence of considerable 

thermal gradients, material non-linearity, temperature-

dependent features, and phase transitions is due to extremely 

complicated numerical models. Consequently, efforts were 

undertaken to reduce the amount of computing that various 

numerical approaches need. To do this, it was necessary to 

provide recommendations on the utilization of temperature-

independent material features [11, 12], to carry out parametric 

studies to lower the expenses of computational work [13], or 

to suggest clear linkages between material elements and 

residual stresses [14]. In addition, it is common practice to 

validate the precision of these complex numerical approaches 

by contrasting them with actual data [15], even though it may 

be difficult to get the relevant experimental data. The 

framework discussed before serves as the foundation for the 

study described in this article. This paper aims to offer a 

quantitative and experimental study of the temperature fields 

formed during the welding process of two low-carbon steel 

plates to accomplish a butt-welded connection with two passes. 

Through the utilization of a transient uncoupled thermal-stress 

finite element method (FEM) analysis, the major purpose of 

this work was to recreate the welding process. The numerical 

investigation depended on the new application of the "birth 

and death" concept suggested by Rubino et al. [16] and Rubino 

et al. [17]. This complex technique is highlighted in the most 

recent article by Sepe et al. [18], which highlights its 

usefulness in modeling welding processes. The paper 

illustrates the increased applicability of this unique approach. 

The objective of this research is to examine how the U joint 

design impacts the mechanical and thermal characteristics of 

welds. Additionally, the study aims to develop an engineering 

simulation model that can be utilized to forecast and compute 

the mechanical properties of the welding area before the 

commencement of welding. This is important because 

rectifying errors after welding has begun can be challenging. 

This analysis is crucial in the examination of non-standard, yet 

extensively used, high-thickness plate junction design. 

2. EXPERIENTIAL PROCEDURE OF WELDED

JOINTS

An experimental sample was fabricated and joined using arc 

welding techniques to compare the deformation results 

obtained from the ANSYS model with the actual deformation 

observed in real conditions and validate the model's results. 

Two welding joints, a single U joint and an unsymmetrical 

Double U joint, were designed according to the AWS D1.1 

standard, as illustrated in Figure 1(a) and (b), to enhance the 

realism and validate the accuracy of the simulation model 

findings. 

Figure 1. Experimental welding joint sample: (a) single U 

joint; (b) double U joint 

Both joints are supported from the edges to control the 

deformation. The welding current used in the experimental 

joint welding is calculated according to the minimum welding 

temperature required in the welding zone to ensure complete 

welding electrode and joint melting, which is 1600℃. The 

welding current can be calculated using the following 

equations. 

𝑇𝑚𝑎𝑥. =  (0.4 𝑞) + 𝑇0 (1) 

where, 𝑇𝑚𝑎𝑥  maximum temperature (℃), 𝑞 is input welding

heat (J/mm), and 𝑇0  base metal temperature (℃). By

calculating the value of 𝑞  the welding current could be 

calculated from the following equation: 

𝑞 =  
𝑈𝐼 

𝑉
 0.06 (2) 

where, q is input welding heat (J/mm), U is arc welding 

voltage, I is the welding current, and V is welding speed. 
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3. MODELING OF WELDED JOINTS

The initial stage of welding simulation involves creating a 

weldment design. High alloy steel welding joints are 

specifically employed in specialized applications created 

using SOLIDWORKS software. Two models were made for 

this investigation: A single U joint without an open root and 

an Unsymmetrical double U joint as shown in Figure 2. The 

joint has dimensions of 10 mm in thickness, 50 mm in breadth, 

and 100 mm in length for each side, as seen in Figure 1(a) and 

(b). The 3D mechanical models from SOLIDWORKS were 

loaded into ANSYS to forecast the welding joint temperature 

profiles, deformation, and residual stresses. The analysis was 

conducted by starting a thermal analysis of the welding 

process to forecast heat distribution in the joint design. 

Thermal analysis results were employed to perform static 

analysis to predict the stress distribution in welded 

connections and deformation. Certain assumptions were made 

throughout the thermal and static investigations. Before 

welding, the ambient temperature of the basic materials is 

22℃. The selection of alloy steel as a simulation material was 

based on its compatibility with various applications and 

favorable mechanical and physical qualities. The ANSYS 

mesh configuration was employed to optimize the distribution 

and quantity of mesh elements for the welding joint geometry 

and base metal. The starting thickness of the base metal is set 

at a constant value of 10 mm. 

(a) 

(b) 

Figure 2. SOLIDWORKS joint design: (a) U joint; (b) 

unsymmetrical double U joint 

The dimensions of the U joint and unsymmetrical double U 

joint design mesh elements size were 2 mm for both models. 

The mesh consisted of 17125 elements and 80718 nodes for a 

single U joint and 76090 elements and 317005 for a nonequal 

U joint, with multi-zone mesh mode as seen in Figure 3(a) and 

(b). The models are fixed at both far edges from the welding 

joint to simulate the deformation and the stress, the welding 

heat is applied to the models by selecting the welding joint 

geometry and applying the welding heat to it as a body. The 

current study has utilized SOLIDWORKS to simulate the 

geometric assembly of butt joints and has established its 

definition based on plate measurements. 

(a) 

(b) 

Figure 3. Joint ANSYS mesh: (a) U joint; (b) unsymmetrical 

double U joint 

4. ANSYS SIMULATION ANALYSIS STEPS

Welding technologies are intricately connected to the fields 

of mechanics and thermal energy. While the plastic strain that 

resulted from welding did not substantially impact heat 

distribution, mechanical and thermal investigation could be 

carried out independently. Two models must be developed to 

ensure that the arc welding process is correctly simulated. The 

initial model must focus primarily on distributing and 

transporting welding-generated heat. It is recommended that 

the second model investigate the influence that the distribution 

of heat has on the mechanical properties and deformation of 

the part. Calculations of temperature, which are the foundation 

of both models, would affect the entire welding process. A 

significant component that plays a role in these calculations is 

the thermophysical and mechanical properties of the base 

metal. This experiment made use of alloy steel plates, and 

Table 1 contains a listing of the material parameters of those 

plates. Specific heat, thermal conductivity, yield stress, 

thermal expansion coefficient, and Poisson's ratio as a function 

of temperature are some of the features included in this 

discussion. 

Table 1. Alloy steel plates' physical and mechanical 

properties 

Elastic modules 200 GPa 

Poisson rate 0.33 

Shear modules 80 GPa 

Mass density 7850 kg/m3 

Tensile strength 460 MPa 

Yield strength 250 MPa 

Thermal expansion 1.2×10−5 mm/℃ 

5. ANSYS MODEL THERMAL ANALYSIS 

EQUATIONS

One of the most important concepts to consider when 

examining heat flow in welding is energy conservation. This 
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concept can solve a solid structure's fundamental equation for 

heat conduction. As shown in Figure 3, an appropriate mesh 

optimization method from ANSYS is utilized to generate a 

relatively thin mesh for the base metal and welding joints of 

both U and double U joints that have been selected for thermal 

analysis. The thermal field is governed by the equation that 

determines the Fourier law of heat conduction, which is 

supplied by: 

𝑞 = −𝐾𝐴 (
𝑑𝑡

𝑑𝑋
) (3) 

To compute the heat transfer rate, or q, which is stated in 

watts, the material's thermal conductivity, denoted by the 

symbol k and measured in watts per meter by ℃, is utilized. 

The cross-sectional area (A), measured in square meters, is the 

region throughout which heat is transmitted. Variation in 

temperature by unit distance within the direction of heat flow 

is referred to as the temperature gradient, and it is stated in ℃ 

per meter and written as (dt/dx). According to the equation, the 

rate of heat transfer (q), the cross-sectional location (A), and 

the temperature gradient (dt/dx) are all connected at the same 

time to the same degree. From one region with a higher 

temperature to another region with a lower temperature, it 

depicts the passage of heat through a material from one region 

to another. The heat flow density for convection (qc) is 

calculated by Newton's equation of heat transfer in an 

environment that is either a gas or a liquid atmosphere: 

𝑞𝑐 = 𝜌(𝑇)ℎ𝑐(𝑇 − 𝑇0) (4) 

The convective heat transfer coefficient is denoted by hc, T0 

denotes the temperature of the gas or liquid, and the 

temperature of the surface exposed to the environment is 

denoted by T. Environment, surface properties, and the 

circumstances of convection on a solid surface all have a role 

in determining this coefficient. It has been hypothesized by 

authors such as Gery et al. [19] that the values for the 

convective heat transfer coefficient would fall somewhere 

between 15 and 25 W/m2K. The radial position r, which 

originates at the center of the arc, is said to be connected to the 

distribution of heat flux on a solid surface. Welding problems 

may be caused by three types of heat flux: Convective heat, 

irradiative heat, and boundary heat. If we want to explain the 

heat flux losses that occur on welded plate surfaces due to 

convection and radiation, respectively, we may use Eqs. (5) 

and (6): 

𝑞𝑐 = ℎ(𝑇 − 𝑇𝑜 ) (5) 

𝑞𝑒 =  𝜀 𝜉 (𝑇4 − 𝑇0
4) (6) 

where, T0 is the room temperature, ξ is Stefan Boltzmann 

constant, and h, έ are convection and emissivity coefficients 

for all plate surfaces. In this study, flux losses due to the 

radiation are not considered. In addition, the latent heat of 

fusion is supposed to feel the phase transformation.  

6. MECHANICAL ANALYSIS EQUATIONS

The mathematical models and numerical analysis of 

welding joints are the most effective methods for predicting 

welding heat distribution and thermal, elastic, plastic, and 

residual stress models. The microstructure, volume, and phase 

transformation changes that occur at welding joints, as well as 

the heat-affected zone (HAZ), may be predicted using welding 

heat distribution models. This is because phase transformation 

occurs at a very low temperature (723 degrees Celsius). The 

subsequent mechanical qualities may be predicted with this 

help. In welding thermal analysis, the distribution of 

temperatures is analyzed and recorded for every joint design. 

After some time, this information is utilized in the mechanical 

analysis as thermal loading to construct the thermal stress field. 

This opens the way for calculating thermal strain and stress 

over the whole design. From the perspective of the isotropic 

strain hardening rule and the Von Mises yield criteria, the 

stress-strain relations in the thermal elastoplastic material 

model may be described as follows: 

𝜀𝑡𝑜𝑡𝑎𝑙 = 𝜀𝑒 + 𝜀𝑝 + 𝜀𝑡 (7) 

Here is an expression for the constitutive equation that 

should help us grasp it: 

𝜎 = 𝐷 = 𝐷(𝜀𝑡𝑜𝑡𝑎𝑙 − 𝜀𝑝 − 𝜀𝑡) (8) 

The material stiffness matrix, denoted by the letter D, was 

the foundation for the model that modeled elastic-plastic 

behavior with linear kinematic hardening. Upon reaching the 

melting point, the yield stress of most alloy steels completely 

disappears after a precipitous decrease that occurs as the 

temperature rises. The thermal stresses, strain, and 

deformation caused by a thermal load were estimated using 

ANSYS. This load was created by applying the alloy steel 

melting temperature of 1600℃ to the welding zone of the 

joints that were being tested. The weldment's left and right 

sides were set to simulate the conditions encountered in real 

life. 

7. NUMERICAL MODEL AND FINITE ELEMENT

ANSYS SIMULATION CALCULATIONS

The investigation of joint designs for fusion welding is a 

two-step procedure that is analogous to the process of 

resolving a separate problem. The design of the welding joint 

served as the basis for a thermal study that was performed to 

predict the distribution of welding temperatures during the 

welding process. Following that, the authors conducted a 

mechanical engineering analysis to ascertain the welding 

thermal loads. This inquiry determined and evaluated the 

distribution of residual stress and deformation. A 

diagrammatic representation of the flow of this analytical 

method is shown in Figure 4. A fundamental presumption 

underpinning this simulation was that variations in 

temperature and mechanical states would be responsible for 

controlling mechanical characteristics. 

Both sides of the weldment have geometric dimensions of 

200×50×10 mm, and the simulation is carried out with the 

assistance of the ANSYS program. At a temperature of 1600℃, 

the weld metal is heated, and the mechanical and chemical 

properties of the welding material are equivalent to those of 

actual tank welding work [20]. At the beginning, the 

temperature of the parent material is 22℃. In welding, some 

parameters utilized include the distribution of heat input, 

thermal gradients, the fusion zone (FZ) border, and the heat-

affected zone (HAZ). 
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Figure 4. Thermal and mechanical analysis flow chart 

According to the AWS D1.1 standard, the welding current 

used in this experiment was 400A, and the voltage was 35 

volts. The welding travel speed in Eq. (2) is calculated using 

the lowest critical welding cooling rate of alloy steel, which is 

the rate at which martensite does not occur in the 

microstructure of the welding zone. According to the T.T.T 

diagram for allot steel, a cooling rate of 140℃ per second is 

required. It is possible to utilize the thick plate critical cooling 

rate (C.C.R.) and the welding heat input (H net) as given in Eq. 

(7) to determine the welding travel speed (V) that did not result

in the production of martensite. And at a rate of 1.38

millimeters per second. For the welding process, a heat input

of 606.7 will be necessary.

𝐶. 𝐶. 𝑅. = 2𝜋𝐾(𝑇𝑐 − 𝑇𝑜)2 /𝐻𝑛𝑒𝑡 (9) 

where, C.C.R. is the critical cooling rate, K is thermal 

conductivity, Tc is the critical temperature 550℃, the initial 

temperature is 30℃, and Hnet welding heat input is 606.7.  

8. RESULTS AND DISCUSSION

8.1 Heat distribution model 

The estimated temperature fields and HAZ size from the 

fusion line and the weld penetration were verified by ANSYS 

by measuring the temperature distribution for the two models 

in different locations. To model the distribution of welding 

heat in ANSYS, we use SOLIDWORK models of welding 

joints equipped with welding beads; we apply welding heat to 

these models by selecting the section of the joint. This 

distribution is critical for determining the distance between the 

welding fusion line and the (723℃) edge, where the phase 

transformation would occur; no phase transformation occurs 

below this temperature. Figure 5 and Figure 6 show the 

ANSYS calculation of the HAZ width from the welding fusion 

line for the two joints design. Based on the ANSYS model, the 

findings show that the joint HAZ width was 45.4 mm from the 

fusion line, with the fusion zone measuring about 1.2 mm for 

a single U joint and 53.6 mm HAZ width with a 2.7 mm fusion 

zone for a double U joint. Figure 5(a) shows the full joint 

penetration of a single U joint with this thickness. 

The phase transformation rules served as the foundation for 

the metallurgical analysis conducted in this work [19]. Heat 

distribution models were utilized to predict the phase shift 

during welding. According to the regulations, the pearlite-

ferrite in the base metal may partially transform into austenite 

if the temperature of the pearlite-ferrite is raised to a level 

higher than the cementite disappearance temperature (A1). 

When the temperature is raised to a higher level than the a-

ferrite disappearance temperature (A3), the material transforms 

into austenite. Estimating the welding heat distribution and the 

HAZ width is essential to appreciate this shift and foresee the 

subsequent microstructure. Calculating the temperatures of 

low alloy steel A1 and A3 requires applying the equations 

presented in the study of Teng et al. [20]. 

𝐴1 = 723 − 10.7 Mn − 16.9 Ni + 29 Si + 16.9Cr
+ 290 As + 6.4 W

(10) 

𝐴3 = 912 − 203√𝑐 − 15.2 𝑁𝑖 + 44.7 𝑆𝑖 + 104 𝑉
+ 31.5 𝑀𝑜 + 13.1 𝑊 − 30 𝑀𝑛
− 11 𝐶𝑟 − 20 𝐶𝑢 + 700 𝑃
+ 400 𝐴𝑙 + 120 𝐴𝑠 + 400 𝑇𝑖

(11) 

(a) 
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(b) 

Figure 5. U joint ANSYS model heat distribution: (a) U joint heat distribution; (b) HAZ, and fusion zone width from the welding 

fusion 

(a) 

(b) 

Figure 6. Double U joint ANSYS model heat distribution: (a) Double U joint heat distribution; (b) HAZ, and fusion zone width 

from the welding fusion 
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Figure 7. Alloy steel phase transformations map 

After using the previous formulas, the estimated 

temperatures of A1 and A3 will be 723 and 912℃, respectively. 

When the temperature of the heat-affected zone (HAZ) climbs 

above the temperature of the A1 zone, the body-centered cubic 

structure (BCC) transforms into a face-centered cubic 

structure (FCC), reducing its volume. Figure 7 provides a 

schematic illustration of the thermal map zones defined by the 

welding heating in the welding zone and the HAZ. 

Figure 8. Welding U joint and unsymmetrical double V joint 

heat distribution along the X-axis weldment 

The authors created a distance-temperature gradient map 

connecting the molten zone of the welding center and the 

weldment edge with the help of the ANSYS thermal 

distribution data along the X-axis of the weldment; this made 

it possible to receive an exact thermal estimate. A visual 

representation of the joint's heat dispersion may be seen on the 

graphs. Microstructure, mechanical characteristics, and the 

required distance from the center line were all displayed in 

Figure 8. Both models' temperature gradient data show almost 

the same heat distribution diagram. However, a fast cooling 

rate can be noticed with a single U joint temperature gradient 

diagram, decreasing the HAZ width. Also, as shown in Figure 

1(a), the U joint design results in more welding heat absorption 

by the solid metal below the U groove to reach the melting 

point, increasing the molten filler cooling rate and reducing 

both the HAZ and FZ width. By utilizing this model to forecast 

the temperatures of experimental joints for applications in the 

real world, welding engineers and specialists would save a 

significant amount of time. It is essential to have a solid 

understanding of the depth to which the molten metal will 

penetrate when planning welding connections and when 

calculating the welding zone and the mechanical 

characteristics of the weld once it has been created. In addition 

to being directly proportional to the volume of molten material, 

this depth is also directly related to the amount of heat 

introduced into the welding process, which increases as the 

welding current increases. Because the volume increases with 

each advancement in penetration depth, reinforcement height, 

and weld width [21], the impacted surface area receives the 

heat. This results in the penetration depth increasing to 

compensate for the increased volume. 

7.1 ANSYS model deformation and stress 

The thermal stresses in the welded joints of the structure are 

similar to those seen in laboratory-designed model plates. The 

joint's shape and the material properties of the parts being 

welded are crucial considerations when choosing the welding 

procedure. The tensions in the plastic deformation zone may 

change as a result of structural alterations occurring in the 

metals being welded [22]. Welding in this manner allows for 

complete gap coverage and structural integrity, but it also 

increases the level of residual stress in the heat-affected zone 

of the welded joint simultaneously. This limitation on the 

weldment edges would result in the transmission of all 

deformation and stress toward the side of the joint that is not 

connected. The experimental models were secured at the two 

weldment edges using ANSYS software to calculate thermal 

deformation and thermal stress. This was conducted to 

replicate the environmental conditions seen during storage 

tank welding procedures. The movement of dislocations and 

the migration of atoms are closely linked, and both processes 

play a crucial role in the deformation of materials. Plasticity 

refers to the situation where dislocation motion is the primary 

mechanism.  

Deformation, or diffusional flow, refers to the phenomenon 

when atom diffusion is the dominant process. The phrase 

"plastic deformation" can also encompass phase changes, but 

transformation strains typically encompass phase shifts. The 

model proposed by Yadegari and Turteltaub in their research 

paper [23] was based on dislocation density. The model 

explains one of the elements that contribute to the overall 

inelastic strain rate. Moreover, it illustrates how various 

techniques collectively contribute to the flow stress. The 

model proposes that the flow stress is composed of 

contributions from obstacles that interact with dislocations in 

motion. Because the former is athermal [24], thermal energy 

cannot aid dislocations in surmounting the deformed portions 

of the lattice [24]. Thermally induced processes can help 

dislocations overcome obstacles that are nearby. The 

dislocation and tension hindered the restoration of the welding 

edges to their original state in both the welding and heat-

affected zones (HAZ). The occurrence of the maximum 

deformation in the welding zone and later in the heat-affected 

zone (HAZ) was a result of the high thermal load and 
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temperature gradient in these areas during welding. Figure 9(a) 

depict the ANSYS analysis findings of the thermal 

deformation of both the single U and double U joint ANSYS 

models, as shown in a graphical diagram. The diagram 

exhibited nearly identical distortion for both models. However, 

the decrease in deformation value in the Heat Affected Zone 

(HAZ) will be more significant when using a single U joint 

because of the intense heat dissipation, as illustrated in Figure 

8. Figures 10(b) and (c) illustrate the precise location where

the maximum deformation calculation is performed. The chart

illustrates significant deformation at the welding joint's upper

front face centre along the x-axis, which is attributed to the

elevated heat input during welding. The single U joint

exhibited a maximum deformation value of 0.553 mm, while

the double U joint showed a maximum deformation value of

0.547 mm. The deformation in the direction of the weldment

edges decreased due to the dispersion of heat and the presence

of two edges, which hindered the development of thermal

stress in the structure. This is illustrated in Figure 9(a-c).

Additionally, no residual stress occurred as a result of the

transformation of phases behind the heat-affected zone (HAZ)

dimension. This had a significant impact on the mechanical

properties of the weldment and the progression of deformation.

The deformation was nearly equal for both models, despite the

double U joint having a greater volume of welding metal,

indicating more input heat and deformation. However, this

joint design necessitated welding from both sides. As a result,

the high deformation on the upper side, caused by a large

amount of filler metal and high heat input, was reduced when

welding the lower joint side from the opposite direction. This

led to a reduction in deformation on the upper side caused by

welding. The points of maximal distortion for both joints will

occur at the starting and ending sections of the welding joint,

as depicted in Figure 9(b) and (c).

Thermal stresses generated during welding primarily cause 

dislocations and phase changes in the welding and heat-

affected zones (HAZ). This is a widely recognized truth. By 

employing a decompositional strategy that permits the 

separation of their rates in an additive way, it becomes feasible 

to attribute all stresses in welding structures to the elastic 

strains (ƹe) using the fundamental principles of the thermal 

stress law. These strains rely heavily on the other components 

of these strains to function well. The primary causes of these 

stresses are the inherent asymmetry of the interatomic 

potential and the temperature changes that rely on the 

composition of the lattice. With a temperature rise, it is 

inevitable for a strain to increase due to the expansion of the 

average interatomic distance. Furthermore, transition strains 

refer to additional instances of straining that might arise from 

separate alterations in the crystal structure. The stresses induce 

distinct modifications in the microstructure. To minimize 

deformation in the welding joint, it is necessary to reduce the 

thermal stresses caused by the input heat from welding or 

provide a means for them to dissipate. The welding heat often 

causes this region to be structurally inferior to the base metal, 

even when the temperature is unchanged. The thermal strain 

will propagate in the same direction as the heat flow, moving 

from the high-temperature melting zone of the welding joint 

towards the heat-affected zone (HAZ) and then to the base 

metal. The primary reason for the occurrence of welding 

deformation is the base metal margins, which are situated at a 

considerable distance from the welding joint. However, in real 

welding scenarios where the edges of the weldment are 

securely fastened and the weldment itself is thick, indicating a 

significant amount of heat input and molten metal deposition, 

the strain value would be exceptionally high in this simulation. 

The molten metal would return to the welding joint and collect 

within it, causing a substantial increase in thermal stress that 

exceeds the strength of the base metal. 

Simultaneously, the liquefied mixture of filler metal and 

base metal employed in welding can adjust to this heightened 

stress, diminish it before solidification, and convey it to the 

high-risk area known as the heat-affected zone (HAZ). 

Nevertheless, despite that, the thermal stress value remains 

significantly elevated, beyond the threshold required to induce 

a discernible deformation of around 0.5% of the weldment's 

thickness, specifically within the welding joint. Figure 10 

demonstrates that the stress level significantly decreased after 

the fusion zone and became almost negligible after 5 mm from 

the welding zone. The ANSYS software was used in this study 

to numerically estimate the critical distance at which this stress 

occurs in joint design. This distance begins when the stress 

exceeds the 240 Mpa range, which is the yield strength of the 

alloy steel. Beyond this range, towards the fusion zone, the 

weldment will experience permanent deformation. Based on 

the information provided in Figure 10, the thermal stress range 

for both U joint designs will be approximately 5 millimeters 

from the welding centre and at the boundaries. However, the 

welding joint centre will exhibit the highest level of distortion, 

while the two edges will remain unaffected due to the fixings. 

The zone referred to is the primary origin of the greatest 

amount of thermal energy input, resulting in the most 

significant levels of stress and deformation within the welded 

joint. The results demonstrate the correlation between the 

overall volume of filler placed into the joints and the critical 

range of thermal stresses. The findings indicate that the 

thermal impacted range expanded proportionally with the 

increase in the amount of deposited metal. The overall heat 

input to the welding area has increased, resulting in a 

significant temperature difference between the joints.  
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(b) 

(c) 

Figure 9. (a) Single U and unsymmetrical double u joint deformation diagram; (b) U joint deformation; (c) Unsymmetrical 

double V joint deformation 
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(b) 

(c) 

Figure 10. (a) single U joint and unsymmetrical double U joint stress diagram; (b) single U joint stress; (c) unsymmetrical double 

U joint stress 

The liquid amalgamation of filler and base metals possesses 

the ability to adapt to increasing strain, diminish it before to 

solidification, and convey it to the heat-affected zone (HAZ) 

during the welding process. However, the thermal stress value 

remains very high, indicating that it is more than sufficient to 

create noticeable deformation within the welding joint, which 

can vary from 0.5% of the weldment's thickness. The ANSYS 

software was used to calculate the critical distance of stress in 

joint design by numerical estimation. Once the stress level 

reaches the 240 Mpa threshold, the measurement of the yield 

strength and distance of the alloy steel commences from that 

point onwards. Figure 10(a) demonstrates that both the U joint 

and double U joint weldments will experience permanent 

deformation beyond this range. The reason for this is that the 

stress in the welded structure decreased significantly after the 

fusion area and became nearly negligible after a distance of 5 

mm from the welding zone. Both joint designs will incorporate 

a thermal stress critical range of 5 millimeters, as depicted in 

Figure 10. This range will be located at both the welding center 

and the margins. In contrast, the fixings will not cause any 

deformation on either side, while the center of the welding 

joint will result in the highest level of distortion. The welding 

joint experiences the maximum level of stress and deformation 

in this specific region, primarily because it receives the most 

intense heating input. These findings establish a correlation 

between the extent of significant heat pressures and the total 

amount of filler material accumulated within the joints. Based 

on the data depicted in Figures 10(b) and (c), it can be 

observed that the higher quantity of filler metal applied to the 

upper side of the welding joint led to a greater level of stress 

compared to the lower side, which had a lower amount of filler. 

This was the situation with the asymmetrical dual universal 

joint. The thermal affected range expanded as the amount of 

metal deposited grew due to the wide temperature gradient 

range resulting from the increase in total input heat to the 

welding zone. This is likely due to the wide variety of 

temperature gradients that were generated. The disparity 

between the two schematics of both joints is seen in the peak 

stress observed at the two attachment locations. The double U 

joint experiences a maximum stress value of 970.38 MPa at 

these places, while the single U joint has a maximum stress 

value of 592.43 MPa. These data demonstrate the impact of 

increasing the volume of molten filler metal deposited on the 

tension of the welding joint. 

Figure 9 displays the computed welding deformations. 

These deformations are used to compare the results obtained 

from the simulation with those obtained from the real welding 

operation. Table 2 illustrates the distinctions between the two 

approaches. 

Several factors might cause the simulation results to differ 

somewhat from the welding process. These include the 

location of the fixture, the welding cooling rate, and the 

welding speed. These elements directly influence the amount 

of heat input, and they are accountable for producing the 

results. 
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Table 2. Actual welding and ANSYS simulation deflection 

results comparison 

Joint Design Type 
Max. Deformation (mm) 

ANSYS Welding 

Single U joint 0.55 0.43 

Unsymmetrical double U joint 0.54 0.46 

9. CONCLUSIONS

The current investigation used the numerical simulation 

software ANSYS and SOLIDWORKS programs to carry out 

mechanical and thermal stress simulations within the butt weld 

of thick alloy steel plates. During the research, two U-joint 

joints were created and examined, and the following findings 

were discovered: 

1. Regarding the distribution of weld heat, the HAZ width

was approximately 45.4 mm from the fusion line, with the

fusion zone measuring about 1.2 mm for a single U joint

and 53.6 mm HAZ width with a 2.7 mm fusion zone for a

double U joint. Also, the results illustrated a full joint

penetration for the single U joint.

2. According to the ANSYS simulation, the highest distortion

in a single U joint was determined in the center of the

weldment face side, both at the beginning and end of the

welding joint line. The unsymmetrical double U joint

exhibited a deformation of 0.54 mm at both locations.

However, the magnitude decreased as one moved towards

the periphery of the weldments, owing to the specific

circumstances prevailing in those areas.

3. The thermal stress results revealed that the highest stress

occurred in the weld metal for both joints and rapid drop

in the HAZ. The critical range of thermal stress that can

lead to irreversible distortion has been identified to

investigate both joint design in the center of welding

joints and the two weldments’ edges and become non-

affected after 5 mm from the welding joint center line.

4. The link between the critical range of thermal stresses and

the total volume of filler in joints is shown by the

maximum unsymmetrical double U joint weldment stress

value at the two fixed edges. Stress was greater on the top

side of the asymmetrical double U welding joint due to

the higher metal filler quantities than on the bottom side,

which had lower filler amounts. The temperature gradient

range caused by increased total input heat to the welding

zone probably explains why the thermal impacted range

grew in tandem with the metal deposition rate.

5. The residual stresses, thermal effects, and plastic

deformations make finite element simulations valuable

for studying welding processes. These simulations are

necessary because they provide essential knowledge that

can be used to improve the joint design and the welding

parameters to minimize any negative impact of welding

on the mechanical properties of the weldment. Then, they

evaluate the simulation data with experimental tests and

refine modern welding methods that reduce thermal

stresses and distortion.
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