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ABSTRACT 

Received: 3 November 2024 

This study focused on the effects of welding speed and power intensity on distortion and Revised: 15 March 2025 

corrosion resistance for alloy steel T-joint weldments. The research was theoretical but also Accepted: 22 March 2025 

included  practical  experiments  to  identify  thermodynamic  characteristics.  The  study Available online: 31 March 2025

focuses  on  the  alterations  in  microstructure  and  the  ability  of  the  weld  metal  to  resist corrosion.  Three  interconnected  modeling  operations  included  structural  and  thermal evaluations in calculating the microstructure and the deformation of the weld joint. The 

 Keywords: 

heat effect zone (HAZ) width in welding speed is 5mm/sec, about 47 mm in the Y direction Acicular  Ferrite  (AF),  corrosion  resistance, and 60 mm in the X direction. For 6 mm/sec welding speed, the HAZ was 25 mm in the Y 

 Distortion,  Heat-Affected  Zone  (HAZ), direction and 29 mm in the X direction, and finally, the HAZ width for weldment with 7.5 

 Polygonal  Ferrite  (PF),  T  joint  welding, mm/sec welding speed was 21 mm in the Y direction and 26 mm in the X direction. The welding input heat, Widmannstetter ferrite highest deformation with 1.08 mm was calculated when welding with lower welding speed and the highest source power. While 0.57 mm deformation was recorded when welding with the highest welding speed and lowest source power intensity. Samples of the weld metal were tested to monitor their weightlessness and corrosion level. The results showed that the size of the HAZ increased with increasing intensities of power. Results reveal that the distortion of weld joint varies inversely with welding velocity and directly relates to power  intensity.  A  microstructural  analysis  shows  that  the  weld  metal  has  acicular interlocking,  polygonal  ferrite,  and  side  plates.  Acicular  ferrite  amount  influenced  weld metal corrosion resistance decreased as power intensities increased. The microstructure of the HAZ is significantly influenced by the intensity of the welding power, which in turn affects the microhardness of the HAZ. 


1. INTRODUCTION

Rosenthal published some work on thermal energy transfer in welding procedures [3]. Research has developed an analytical Arc  welding  establishes  an  electric  current  between  the model for moving heat sources. Still, the research ignored the electrode and base metals. It is often used in the manufacturing end  effects  of  starting  and  stopping  in  automated  welding industry. The highly intensive localized heat source, the arc, because it assumed the temperature field was steady in moving heats  base  metals,  and  that  filler  wire  forms  a  molten  pool coordinates. Outside of the region where the welding pool is similar to their interface [1]. A joint will form between base located, the anticipated temperature field is satisfactory, even metals when the weld pool has solidified. Out of the various though  Rosenthal's  model  ignores  a  point  heat  source, types  of  energy  used  in  manufacturing,  the  electrical  power convection,  phase  change,  and  heat  removal  from  the needed to run this process is massive. Controlling the energy workpiece. 

flow within the workpiece may minimize this amount. To do Dauod et al. [4] studied the impact of welding parameters this, we  can raise the  maximum temperature  below  the heat on the workpiece temperature field and colleagues. The factors source and decrease heat loss to the surroundings through base in question were travel speed and energy input. Their findings metal [2]. A thorough investigation of thermal-energy transfer demonstrated a nearly linear connection between the  energy in the welding process is necessary to ascertain energy usage. 

input  and  the  weld  peak  temperature.  Furthermore,  it  was Heat  transport,  fluid  flow,  and  the  work  piece's shown that the welding parameters substantially impacted the electromagnetic  field  should all  be  part of  such  an  analysis. 

fusion zone and heat-affected zone shapes. The model does not The  best  way  to  reduce  energy  consumption  during  arc account for the convection of fluids in the molten weld pool. 

welding is by doing a series of computations that adjust the arc The weld's geometry and heat distribution in the workpiece are power  and  speed.  This  is  not  new;  in  the  early  1940s, impacted by fluid flow in the weld pool. 
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With  a  consistent  ratio  of  arc  power  to  travel  speed,  the volume  fraction  ratio  of  grain  boundary  ferrite  to  acicular energy consumption of welding procedures is the same. This ferrite,  which  examined  the  effects  of  microstructure  and is  because  the  energy  spent  per  unit  length  of  material  is composition  on  the  electrochemical  behavior  of  A516  steel directly proportional to arc power and inversely proportional weldment.  Input  heat  applied  during  welding  significantly to  the  torch's  travel  speed  [5].  This  study  uses  ANSYS  and impacts the acicular ferrite and grain boundary ferrite. 

SOLIDWORKS  finite-element  software  to  computationally According to the above literature review, the welding heat simulate  the  impact  of  welding  source  power  intensity  and input,  directly  related  to  the  source  power  intensity  and  the welding speed on alloy steel T joint weldment distortion and welding travel speed, strongly correlates to the welding metal's corrosion resistance. The source power controls the welding corrosion performance in different situations. Therefore, it is heat,  which  affects  the  weldment  elastic  yield  and  can  limit crucial to establish the connection between welding heat input mismatch strain due to the welding heating and cooling, which and  corrosion  performance.  Nevertheless,  how  exactly causes the joint components to expand and contract locally due welding heat input affects the corrosion resistance of carbon to uneven temperature distribution and large thermal gradients steel weld metal is still unknown. Hence, this study compared between  workpiece  parts  [6].  Plastic  deformation  of  the the  effects  of  various  source  power  intensities  and  welding element  occurs  at  sufficiently  large  mismatch  strains  and speeds  on  welding  deformation  and  corrosion  resistance  of significantly affects processing residual stress [7]. 

carbon steel weld metal's microstructural changes. 

Furthermore,  as  the  working  life  of  the  workpiece  is This study, therefore, offers novel insights pertaining to the affected  by  deformation,  cracks,  creep  damage,  and  other optimization  of  HAZ  dimensions,  joint  distortion,  and adverse  effects,  the  mechanical  properties  of  the  workpiece improvement  in  corrosion  resistance  by  informatically connection  are  altered  due  to  tremendous  tensile  residual integrating  computational  simulations  with  experimental stresses  generated  by  the  environment's  constraints  on  the validations. Originality and significance may be related to this intermediate  zone  during  high  temperature  melting  and work  because  the  present  research  has  comprehensively cooling  solidification  [8].  Much  research  was  conducted  to investigated the  interplay that exists between welding speed adjust  various  welding  parameters,  including  source  power, and  power  intensity  on  some  critical  aspects  of  T-joint welding input heat, welding speed, and weld bead dimension weldments in alloy steel. This work originally correlates the effects.  The  results  showed  that  by  selecting  optimized welding  parameters  with  those  of  microstructural  evolution parameters,  the  maximum  deformation  and  residual  stress and illustrates how controlled changes in welding speed and could be reduced, elements at the joint distributed more evenly, power intensity can lead to improved thermal and mechanical thermal properties improved, and the quality of the workpiece properties. The obtained results are of great significance in the weld greatly enhanced. When a heat source is moved over a development of precision welding technologies, especially in surface, FE is a valuable tool for predicting the component's those  industrial  branches  where  structural  integrity  and thermal  history,  residual  stresses,  and  deformation  [9,  10]. 

corrosion resistance are of prime importance. 

When  simulating  residual  stresses  and  distortion,  the  FE 

 

constraint  is  crucial.  Several  studies  used  single-point 

 

restrictions  to  forecast  the  components'  residual  stress.  The 2. COMPUTATIONAL PROCEDURE 

residual stress the components experience is becoming more 

 

affected by the limitations. It is crucial to pick the proper limits 2.1 Generation of computational model to  manage  component  distortion  in  real-world  applications. 



Studies and analyses of the impact of constraints take much The  ANSYS  moving  heat  source  analysis  extension  was work to come by in the literature [11]. 

used for welding simulation. The technique of shielded metal It is generally known that welding metal cools slower when arc  welding  was  employed  in  this  investigation.  The more heat is applied during welding. This cooling significantly dimensions of the base plate were 200 × 75 × 6 mm, and those affects the microstructure of weld metal, which in turn affects of the vertical plate were 150 × 100 × 6 mm, as seen in Figure the local corrosion resistance of the welding joints [12]. Weld 1. 

metal corrosion resistance varies depending on the variation of welding  heat  input,  and  varied  cooling  speeds  result  in different  microstructures.  Welding  technique,  steel  makeup, amount of heat input, and weld cooling rate are all influencers in  creating  the  ferrite  during  the  forming  cycle  [13].  For instance,  acicular  ferrite  (AF),  grain  boundary  ferrite  GBF, polygonal PF, and Widmannstetter. 

Nonetheless,  acicular  ferrite  and  grain  boundary  ferrite significantly affect weld metal corrosion resistance [14]. The amount of acicular ferrite and grain boundary ferrite typically affects  the  corrosion  resistance  of  weld  metal.  Despite progress  in  studying  the  microstructure  and  mechanical characteristics  of  acicular  ferrite,  there  remains  a  lack  of knowledge on its impact on corrosion behavior. This is due to the research focus on iron's nucleation and growth process [15]. 



 

Compared to allotriomorphic and Widmannstetter ferrite, the Figure 1.  SOLIDWORKS T-joint model design acicular  ferrite  structure  offers  poorer  corrosion  resistance; Deen  et  al.  [16]  researched  the  microstructure  and Tables 1 and 2 list the chemical analyses and mechanical electrochemical corrosion behavior of SA516 weld joints. The parameters of the alloy steel material that was utilized in the electrochemical behavior of weld metal is determined by the FEM  simulation,  which  was  initiated  once  the 166
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SOLIDWORKS  model  was  exported  to  the  ANSYS 

2.3 Boundary conditions and assumptions environment  for  further  analysis.  The  exported  model  is prepared  for  meshing  and  simulation  by  integrating  thermal An ANSYS moving heat source extension mimics the heat and structural attributes. 

generated  by  the  electrode  tip  arc.  The  moving  heat  source parameters  of  the  three  simulation  models  generate  varying Table 1.  Chemical composition of low alloy steel source  power  intensities  by  adjusting  the  welding  speeds. 



Table 3 lists the parameters of the three models' moving heat Component 


Value 

sources.  The  deformation  of  the  weld  joint  was  calculated C 

0.2 

using coupled simulation procedures involving structural and Mn 

1.1 

thermal  evaluations.  The  simulation  model  was  securely P 

0.04 

fastened to its base, and each model underwent deformation S 

0.04 

on one side of the welding process. 

Si 

0.27 

Cu 

0.3 



Cr 

0.65 

Table 3.  The parameters of the moving heat sources in three Mo 

0.45 

models 

V 

0.14 



Ni 

1.1 

Model No. 

1 

2 


3 

Fe 


balance 

Velocity (mm/s) 

5 

6 

7.5 



Radius of beam (mm) 

5 

5 

5 

Table 2.  Mechanical properties of low alloy steel Source power intensity (W/mm2) 

18.6 

5.5 

12.4 



Total welding time (s) 

30 

25 

20 

Melting temp. (℃) 

1432 

1432 

1432 

Property 


Value 

UTS 


510 (MPa) 

Yield tensile 

255 (MPa) 

2.4 Thermal modeling governing equations Elongation 

23% max. 



Modulus of Elasticity 

200 (GPa) 

A voltage differential U between the electrode and the base Bulk Modulus 

160 (GPa) 

metal is produced by an electrical source during electric arc Poisson's Ratio 

0.29 

welding. This difference then forms an electric arc. Radiation Shear Modulus 

80 (GPa) 

and convection inside the electrodes and weldments dissipate energy  throughout  the  process.  Therefore,  there  has  to  be  a 2.2 Meshing criteria 

variable  for power  efficiency  (represented  by  the  symbol ŋ) since  only  a  percentage  of  the  energy  is  used  for  material Multi-zone meshing carried out in this model allows finer melting.  Since  this  is  the  case,  the  following  formula elements to be applied in areas with excessive gradients (e.g., accurately represents the weld heat input: Heat-affected zones, weld pool regions) and coarser elements in  areas  with  lower  gradients.  This  localized  refinement 𝑄 =  ŋ . 𝑈. 𝐼 

(1) 

ensures that critical thermal and mechanical modifications are captured with high precision. Using finer meshes only where The  ANSYS  thermal  model  evaluated  the  joint  thermal necessary,  multi-area  meshing  reduces  the  overall  range  of gradient in X, Y, and Z directions using the heat flux equation elements, minimizing computational resources and time whilst illustrated  in  Eq.  (2).  This  study  used  moving  heat  source retaining accuracy in key areas. 

energy-based balance on control volume within the specified Smaller elements and better node density near weld zones study  area.  Thermophysical  characteristics  of  the  materials make certain accurate thermal and structural predictions. The strongly  impact  the  item  and  show  a  clear  relationship  with number of elements and nodes is optimized to keep stability temperature, leading to non-linear heat transmission [17]. 

between  computational  divergence  and  simulation  accuracy. 



With 39288 nodes, 6884 elements, and a 3 mm element size, 

∂

∂

𝜌(𝑇)𝑐(𝑇) ∂𝑇 = 𝑄 +

[𝑘

] +

[𝑘

] +

the  model  was  meshed  using  ANSYS  software,  as  seen  in 

∂𝑡

∂𝑥

𝑥(𝑇) ∂𝑇

∂𝑋

∂𝑦

𝑦(𝑇) ∂𝑇

∂𝑦

(2) 

Figure 2. 

∂

∂𝑇

[𝑘𝑧(𝑇) ]  



∂𝑧

∂𝑧



The  heat  inputs  Q,  specific  heating  c,  and  densities  ρ  are provided by the Eq. (2). Conductivity coefficients in directions kx, ky, and  kz in  x, y, and  z, respectively, are among the other factors.  Various  things  influence  the  temperature.  Welding power is the overall energy consumed in the welding process measured  by  its  units,  called  Watts.  This  can  be  calculated based on the diameter or radius to ascertain what is known as a  cross-sectional  area  of  arc  welding  spot.  The  following formula could be used to calculate the arc area: 𝑎𝑟𝑐 𝑎𝑟𝑒𝑎 =  𝜋  ×   (𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 𝑑𝑖𝑎./2)2 

(3) 





 

Consequently,  the  following  formula  may  be  used  to Figure 2.  ANSYS T-joint model mesh determine the power intensity:  
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𝑃𝑜𝑤𝑒𝑟 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦  =  𝑊𝑒𝑙𝑑𝑖𝑛𝑔 𝑝𝑜𝑤𝑒𝑟 / 𝑎𝑟𝑐 𝑎𝑟𝑒𝑎 

(4) 


3.3 Corrosion test 

 

For arc welding processes, the formula can be derived into Weight  loss  and  depth  tests  measure  the  weld  metal's the following form:  

corrosion rate. Three samples were cut from the welding zone after various welding with different source power intensities. 

(ŋ ×𝑉×𝐴)

𝑝𝑜𝑤𝑒𝑟 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 =



(5) 

The  samples  were  rinsed, dried,  and  weighed. Experimental 𝜋 × (𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑑𝑒 𝑑𝑖𝑎./2)2 × 𝑆

conditions included a  10-day incubation period at 20℃  in a 3.5  wt.%  NaCl  solution.  Three  comparable  samples  were where,  ŋ is welding process efficiency,  V is the arc voltage, A utilized  for  every  source  power  condition  to  maintain is the current, and S is the welding velocity. 

experimental reproducibility. Welding samples were cleaned Moreover,  this  equation  shows  that  power  intensity  is from the rust by Immersing the corroded objects in a solution proportional  not  only  to  voltage  and  current  but  also  to of 50 mL hydrochloric acid, 6 g hexamethylenetetramine, and efficiency, whereas it is oppositely related to electrode radius 50  mL  deionized  water  for  3-5  minutes.  Subsequently,  we and velocity. As a result, the output of high-power intensity proceeded  to  dry  them  once  again.  The  calculation  for will  be  highest  upon  higher  voltage  V,  current  A,  and reducing  sample  weight  may  be  determined  using  the efficiency ŋ. 

following equations: 






2.5 Simulation process 

𝑤


𝑣

0 − 𝑤1  

(6) 



1 =  

𝐴 ×𝑡

Many  assumptions  were  made  while  developing  the 𝑤0 − 8.75

coupled thermo-mechanical model. The minor effect of stress 𝑣1 =  



(7) 

𝜌

deformation heat on the temperature field is ignored since it is so  tiny  compared  to  the  transient  thermal  field's  dominating In  these  equations,  v1  denotes  corrosion  rate,  w0  and  w1 

impact on mechanical properties. Nothing in the temperature denote  the  initial  and  final  sample  weights,  A  and  t, or stress field pertains to the latent heat of phase shift or the respectively, represent the exposed surface area and corrosion weak phase transition resulting from stress. Additionally, the duration, and  ρ refers to the density. 

effect of the body's gravitational pull on the fluid's flow inside the  melt  pool  must  be  addressed.  The  two-stage  solution approach used in numerical simulations is known as indirect 4.  RESULTS AND DISCUSSION 

coupling.  The  first  step  is  performing  a  moving  heat  source 

 

thermal analysis on the fusion zone and the surrounding area 4.1 Heat distribution analysis 

to determine the dynamic thermal distribution and evolution. 



Afterward,  a  linear  static  stress  analysis  is  carried  out. 

Temperature data is obtained from different locations about Mechanical  elastic-plastic  calculations  rely  on  the  node every  5  seconds.  Three  models  with  different  source  power temperature distribution derived from a thermal load used in intensities were tested experimentally to find the heat-affected stress analysis. Mechanical computing makes use of boundary zone  fusion  zone's  computed  temperature  distributions  and restrictions  to  prevent  inflexible  body  movement.  The  finite size and how these variables changed over time. Figures 3, 4, element  (FE)  model  is  fixed  at  the  T-joint  base  of  the and 5 show the welding temperature distribution as a function weldment.  The  total  simulation  time  was  30  sec.,  and  the of time at different locations inside the weldment. The figures simulation was done by using (a moving heat source) ANSYS 

also  illustrate  the  dimension  of  the  HAZ  in  the  x,  y,  and  z ACT. 

directions for the three experimental models. The results show 

 

that the HAZ stretched to the end of the base plate in the Z 

 

direction parallel to the welding zone, as illustrated in Figure 3. EXPERIMENTAL IMPLEMENTATIONS  

3(A), (B), (C), and (D) after 1, 11, 20 and 30 sec, respectively 

 

with  5  mm/s  welding  speed.  The  maximum  fusion  zone 3.1 Weld metal microstructure 

temperature  is  found  when  welding  with  5  mm/sec  welding speed;  this  result  agrees  with  the  mathematical  Eq.  (5); The  weld  metal  and  HAZ  specimens  were  physically according  to  this  equation,  the  source  power  intensity  is polished  to  1000  grit,  cleaned  with  deionized  water,  and inversely  proportional  to  the  welding  speed,  that  is,  mean degreased  in  acetone  before  being  subjected  to  optical when welding with lower welding speed the welding zone will examination. A 4% (volume fraction) nitric alcohol solution, be exposed to higher power intensity which resulted in raising made  of  analytical  grade  chemicals  and  deionized  water  to the fusion zone temperature and even evaporated the molten mimic the water generated from oil and gas, was used to etch metal inside it. 

the test solution. To observe and analyze the microstructure of In the Initial Stages, at 1 sec, heat is quite concentrated near the  weld metal  and HAZ at  varied source power intensities, the  welding  arc,  as  predicted  due  to  the  localized  welding optical microscopy (OM, Leica Qwin500) was utilized. 

power input. The temperature distribution is steep, with great gradients surrounding the heat source. As the welding manner 3.2 Microhardness test 

progresses for 11 seconds, the heat spreads outward from the weld line, creating an extra uniform temperature distribution Metallographic specimen across the welding joint and HAZ 

along the X and Y guidelines. The HAZ starts to take form, used  to  microhardness  survey  with  Vickers  microhardness defined with the aid of its increased temperatures compared to testing machine working with 100 gf load and 500 µm period the base metal; however, it decreases than the weld pool [18]. 

between marks to test the alteration of power intensity on the The heat has propagated to a wider location with the remaining weld  joint,  HAZ,  and  base  metal  microstructure  mechanical level (20-30) sec, with the maximum temperature nonetheless properties. 
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concentrated in the fusion region. The fusion region's length Compared to Figure 3, the heat is slightly less subtle at  this and temperature distribution are prompted with the aid of the stage,  reflecting  the  impact  of  the  faster  welding  velocity, welding  speed  and  source  power  intensity.  Lower  welding which reduces the length of heat exposure at any given point. 

speeds, as in this version, bring about higher temperatures and The increase in welding speed from 5 mm/sec to 6 mm/s ends wider HAZ zones. 

in a significant reduction in the size of the HAZ. At 6 mm/sec, the HAZ dimensions are about 25 mm in the Y direction and 29  mm  in  the  X  direction,  appreciably  smaller  welding TEMP


.. 

velocity. The decreased thermal input is consistent with unit Max. Temp. 


A 

duration because quicker welding velocity results in a smaller 3200.7 ℃ 

HAZ. This relationship aligns with the inverse proportionality between welding speed and power intensity, Eq. (5). 



TEMP. 

Max. Temp. 


A 

1970.9 ℃ 


Min. Temp. 

341.0 ℃ 





TEMP

. 

Max. Temp. 
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3366.3 ℃ 


Min. Temp. 

125.79 ℃ 





TEMP
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TEMP. 
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Max. Temp. 

3200.7 ℃ 


Min. Temp. 

125.79 ℃ 

TEMP. 

Max. Temp. 


D 

1889.4 ℃ 


Min. Temp. 

341.0 ℃ 





Figure 3.  Heat distribution of 5 mm/sec. welding speed after (A) 1 sec., (B) 11 sec., (C) 20 sec., and (D) 30 sec. 



Figures  4(A),  B), (C),  and  (D)  show  the  heat  distribution Min. Temp. 

after 1, 6, 18, and 25 sec, respectively, with 6 mm/s welding 125.79 ℃ 



speed. 

 

Similar to the decreased velocity situation shown in Figure Figure 4.  Heat distribution of 6 mm/s welding speed sample 3,  the  initial  heat  distribution  is  fairly  concentrated  near  the after (A) 1 sec., (B) 6 sec., (C) 18 sec., and D) 25 sec. 

welding arc. The fusion zone experiences the best temperature, as predicted, because of direct exposure to the heat supply [19]. 

Figure  5  shows  the  heat  distribution  of  the  7.5  mm/sec 169
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welding speed sample for (A) 1 sec., (B) 7 sec., (C) 15 sec., exposure  time  of  any  point  to  the  heat  supply,  leading  to and (D) 20 sec. 

quicker cooling and a smaller fusion zone. Cooling rates are highest at this speed, which could have both high and terrible effects. 
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Figure 6.  HAZ dimensions in X and Y directions. (A) 5 


Min. Temp. 

198.15 ℃ 

mm/sec welding speed, (B) 6 mm/sec welding speed, and (C) 



 

7.5 mm/sec welding speed 

Figure 5.  Heat distribution of 7.5 mm/sec welding speed sample for (A) 1 sec., (B) 7 sec., (C) 15 sec., and (D) 20 sec. 

When welding the alloy steel, the HAZ must be carefully considered; the temperature range of 1,200℃ to 723℃ defines The  heat  distribution  results  in  Figure  5  correspond  to  a the  HAZ  size.  The  grain  growth  response  was  among  the welding speed of 7.5 mm/sec, representing the quickest speed notable alterations throughout a high-intensity 1200℃ thermal in  a  few  of  the  instances  analyzed.  This  welding  pace cycle. It is a natural consequence of going from one peak to demonstrates  large  adjustments  within  the  heat  distribution another,  as  the  grain  boundary  movement  at  this  specific and HAZ characteristics compared to the slower speeds of 5 

temperature is the most critical of all heating cycles [20]. Extra mm/s in Figures 3 and 6 mm/s in Figure 4. At 7.5 mm/s, the grains  are  also  produced.  It  has  been  shown  that  austenitic HAZ dimensions are about 21 mm inside the Y direction and steels typically lose their glassy condition intermittently when 26 mm inside the X direction. This is the smallest HAZ for the welded  or  heated  to high  temperatures  for  extended  periods 3  welding  speeds  analyzed:  5,  6,  and  7.5  mm/s.  The  faster 

[21]. Simulation results in Figure 6 show that the HAZ width welding  speed  reduces  the  heat  input  consistently  with  time is directly proportional to increased source power intensity due duration,  resulting  in  a  smaller  and  much  less  pronounced to increased welding input heat; increasing the HAZ width will HAZ.  The  power  intensity  is  inversely  proportional  to  the lower  the  required  thermal  stresses  to  deform  the  weldment welding  speed,  Eq.  (5).  At  7.5  mm/sec,  the  heat  entry  is and alter its shape or dimensions. In addition, the critical phase minimal compared to the slower speeds, at once contributing transformation affected the weld joint's mechanical properties to the smaller HAZ. The rapid welding drastically reduces the and usability. 
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The HAZ width in welding speed is 5 mm/sec, about 47 mm alloy  steels  are  especially  vulnerable  to  distortion  when in the Y direction and 60 mm in the X direction, as illustrated welding. During the welding process, the material may bend in Figure 6(A). For 6 mm/sec welding speed, the HAZ was 25 

or shift, which is distortion. Due to its compromise of strength mm in the Y direction and 29 mm in the X direction, as shown and  functionality,  this  distortion  can  present  problems  for in Figure 6(B), and finally, the HAZ width for weldment with welded structures [22]. Based metal's mechanical and thermal 7.5 mm/sec welding speed was 21 mm in the Y direction and characteristics  are  crucial  when  considering  weld  distortion. 

26 mm in X direction as demonstrated in Figure 6(C). These Yield  strength,  Young's  modulus,  thermal  expansion results give strong evidence about the welding speed's impact coefficient,  thermal  conductivity,  and  specific  heat  are  the on  determining  the  HAZ  effects  and  controlling  the most influential attributes of base metals on weld distortion. 

mechanical properties of the weld joint. 

The Young's Modulus, which is proportional to the stiffness of 

 

the base material, drops as the temperature rises [23]. Thermal 4.2 Deformation analysis 

stresses cannot cause plastic deformations if the yield strength is too great; in this case, we would only see elastic strains and no plastic deformations. The welding distortion of a material DEFORMATION  


A 

is influenced by its high-temperature yield strength. Elevated Max. deformation 

yield strength was associated with a rise in angular distortion. 


0.80 mm 

As the temperature rises, high-strength steels outperform mild steels  in  yield  strength.  As  a  result,  mild  steels  are  more resistant  to  deformation  than  high-strength  steels  [24].  As  a result  of  the  phase  transition  effect,  residual  stresses  and distortions  can  be  altered  in  some  steel  grades.  Metallic martensitic  fractions  vary  between  steel  classes  due  to maximum temperature and cooling rate differences. 

In  contrast  to  its  substantial  impact  on  distortion  for Min. deformation 

intermediate and high-carbon steels, the phase transition does 0.035 mm 



not  influence  low-carbon  steels.  Austenite  transformation  to martensite occurs when the cooling rate  is sufficiently high. 


DEFORMATION  

When a substance undergoes this change, its overall volume B 

increases.  This  volume  gain  partially  cancels  the  transverse Max. deformation 

shrinkage,  reducing  weld  distortion  in  high  and  medium-0.80 mm 

carbon steels. The increase in volume produces compressive stresses,  but  residual  stresses  are  reduced  for  mid  and high-carbon steels [25]. According to that, the simulation results of welding  distortion  for  the  three  welding  speed  models  are inversely  proportional  between  the  welding  speed  and  the welding joint distortion and directly proportional to the source power intensity. The most important advantage of increasing the welding speed and lowering the source power intensity is Min. deformation 

the reduction in the HAZ complex zone, which resulted from 0.035 mm 



the high cooling rate from the high source power intensity. In addition, this hard zone would accommodate the stresses from DEFORMATION  


C 

the  phase  transformations  and  weld  metal  solidification processes. 


Max. deformation 

Figure  7  offers  the  deformation  outcomes  for  the  welding 0.57 mm 

simulations carried out at three welding speeds of 5, 6, and 7.5 

mm/s.  These  results  replicate  the  thermal  and  mechanical interactions that occur at some point in the welding manner, highlighting the effect of welding speed on deformation in the weld joint 5 mm/s, shown in  Figure 7(A) reveals the largest deformation  of  1.08  mm,  mostly  due  to  the  longer  exposure time of the material to the heat source. Lower welding speeds bring about extra heat input in step with unit length, main to Min. deformation 

better  thermal  gradients  and  elevated  thermal  enlargement. 


0.023 mm 

 

This, in turn, reasons large plastic deformations upon cooling. 

 

Deformation  is  reduced  to  0.80  mm  because  the  welding Figure 7.  Maximum and minimum deformation locations: velocity  increases  to  6  mm/s,  Figure  7(B).  The  shorter (A) 5 mm/s welding speed, (B) 6 mm/s welding speed, and publicity  time  decreases  the  overall  heat  input,  decreasing (C) 7.5 mm/s welding speed  

thermal gradients and the significance of residual stresses. The stability  between  thermal  entry  and  cooling  charge  starts  to Reduction of deformation is a critical function in alloy steel decrease distortion. 7.5 mm/s, in Figure 7(C), welding speed welding.  The  heat  produced  by  welding  alters  the  material produces  the  least  deformation  of  0.57  mm,  way  to  the structure  by  causing  recrystallization,  grain  growth,  and minimum  heat  entry  and  speedy  cooling  associated  with  the precipitate dissolution, a well-known phenomenon. It should faster  velocity.  The  reduced  thermal  gradients  restrict  base be  noted  that  because  of  specific  characteristics,  austenitic metal  grain  enlargement  and  contraction,  resulting  in  lower 171
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residual stresses and distortion. The effects display an inverse metal's corrosion. Table 4 demonstrates that as the intensity of relationship  between  welding  speed  and  deformation.  Faster the  welding  source  increases,  so  does  the  weight  loss  of  the welding speeds reduce the heat input in line with unit length, samples. The corrosion sample for the weld joint reached its leading  to  decreased  thermal  gradients  and  smaller highest  value,  and  the  weld  metal's  corrosion  properties deformations.  Also,  the  results  tested  that  deformation  is deteriorated when the welding source power intensity went to localized  near  the  weld  pool  and  reduces  progressively  with 18.6 W/mm2. 

distance from the welding line. This pattern is regular across all speeds; however, it is most suggested at 5 mm/sec due to the  better  heat  entering.  Faster  welding  speeds  lessen  the volume of deformation, with smaller affected areas around the weld pool. 




4.3 Microstructural observation 

The  sample's  microstructures  are  shown  in  Figure  8  as optical  micrographs  at  various  source  power  intensities  and welding  speeds.  Polygonal  ferrite  (PF)  was  grown  along  the grain boundary; ferrite side-plate (FSP) evolved into the grain from the boundary.  Interlocking acicular ferrite (AF) growth in  the  intergranular  spaces  makes  up  weld  metal microstructure.  The  weld  metal  cooled  to  680  -  770℃ 

temperature at a fast rate at the grain boundary will increase its  energy  and  create  the  ideal  conditions  for  nucleation  of phase transitions (PF). PF is most abundant at grain boundaries that have already formed austenite and are distributed in strips or polygons along these boundaries. The quantity of PF in the weld  metal  might  grow  dramatically,  and  it  stays  at  high temperatures for longer or cools down more slowly [26]. Weld metal  with  slated  or  jagged  ferrite  is  readily  apparent  when FSP is formed, which occurs at a lower temperature than PF 

[27].  Prior  austenite  grains  include  AF,  dispersed  acicularly and can expand radially around micro-inclusions like oxides and nitrides. 



The corrosion property of weld metal might be diminished as  the  quantity  of  AF  in  the  weld  increases.  Diffusion  and shear processes can explain how AF forms, which is why this phenomenon is associated with AF. More corrosion flaws can increase  the  corrosion  rate  [28].  As  a  result  of  the  multiple dislocations  created  during  the  AF  transition,  a  polygonal ferrite  with  a  high  dislocation  density  is  formed.  Another benefit of AF is that it can enlarge the crystal's grain boundary, which means that carbon can diffuse to the boundary during the  development  process  and  enhance  the  grain  boundary's activity by producing a carbon-rich film [29, 30]. The galvanic effect can speed up the electrochemical corrosion rate of weld metal,  and  corrosion  cells  are  created  when  AF  encounters other  microstructures.  Therefore,  changes  in  microstructure Figure 8.  Weld joint microstructure: (A) 5 mm/sec welding are  associated  with  changes  in  corrosion  rate.  The speed, (B) 6 mm/sec welding speed, and (C) 7.5 mm/sec microstructure in Figure 8(A) shows high PF formation due to welding speed 

the high source power intensity and high heat input due to the 

 

low  welding  speed,  which  leads  to  a  fast  cooling  rate.  This Table 4.  Weld samples weight loss under different source structure  would  be  the  weakest  structure  in  the  corrosion power intensities in 3.5 wt.% NaCl solution for ten days resistance 

characterizes. 

Figure 

8(B) 

demonstrates 



microstructure  with  approximately  equal  amounts  of  PF  and Source Power 

Initial 

Final 

Sample 

Intensity 

Weight 

Weight 


Size

AF structure, producing moderate corrosion resistance. 

(W/mm2) 

(g) 

(g) 

(mm) 

The  best  corrosion  resistance  microstructure  in  this 18.6 

1.4362 

1.4302 

10×10×2 

investigation can be noticed in Figure 8(C); high AF formation 15.5 

1.4412 

1.4391 

10×10×2 

at  the  grain  boundary  can  observed  due  to  the  low  source 12.4 

1.4248 

1.4241 

10×10×2 

power intensity and high welding speed. These results proved 

 

simulation  results  and  clearly  illustrated  the  effects  of  the 4.4 Heat-affected zone microstructure and microhardness welding  speed  and  source  power  intensity  on  welding  joint corrosion resistance. Tests for weight reduction are detailed in The  sample  is  a  conventional  alloy  steel  with  a  reduced Table 4. This test also examines how various source power and carbon  percentage.  As  the  FZ  slowly  cooled  from  the  γ-speed circumstances affect the weight loss caused by the weld austenite phase with a face-centered cubic microstructure to a 172

[image: Image 96]

[image: Image 97]

temperature below 1173 K, the development of α-ferrite with of  pearlitic  islands  is  noticeable.  At  this  stage,  the a  body-centered  cubic  crystal  structure  begins  and  increases transformation process that excludes diffusion, including the with time. As the carbon concentration increases, the amount development of martensite and bainite, has ceased, and phases of  remaining  austenite  decreases  progressively.  At  the influenced  by  diffusion,  such  as  pearlite,  start  to  form.  The equilibrium  temperature  of  around  1000  K,  the  remaining micrograph  in  Figure  9(C)  shows  that  heat  agitation austenite  reaches  a  composition  referred  to  as  the  eutectoid destabilizes  the  α-ferrite  crystal  structure.  After  this  stage, composition,  which  contains  0.76%  carbon.  As  the structural alterations or recrystallization are unlikely because temperature drops, austenite fully transforms into pearlite. The of  the  slow  cooling  rate.  Pearlite  becomes  visible  when  it microstructure  comprises  Widmannstetter  ferrite  (WF), reaches  a  hardness  of  154  HV.  The  sample  underwent  a polygonal  ferrite  (PF),  bainite  (B),  martensite,  and  acicular complete  transformation  into  a  ferritic  matrix  with  pearlitic ferrite (AF), as shown in Figure 9(A) with a hardness value of islands at the slowest cooling rate used. The findings showed 269 HV. 

how the intensity of the welding power source influenced the microstructures  and  microhardness  of  the  heat-affected  zone (HAZ) and, subsequently, the mechanical characteristics of the welding joint. 






5. CONCLUSIONS 

 

The main objective of this experiment was to find out how distortion  and  corrosion  resistance  are  affected  by  power intensity and welding speed in alloy steel T joint weldments. 

The authors studied the mechanical and thermal behavior of the weld joint, the microstructural changes, and the corrosion performance  of  the  weld  metal  using  computational simulations and experimental measurements. 



The  investigation has also revealed a  negative  correlation between  welding  speed,  power  intensity,  and  deformation. 

Conversely, the opposite was seen for the association between welding speed and these remaining other factors. It was noted that  the  welding  joints  experienced  less  distortion  when  an increment was observed in the welding speed, which is quite opposite to the power intensity. Upon examining the welding of  the  metal's  microstructure,  it  was  revealed  that  parts  of ferrite  side  plates,  polygonal  ferrite,  PF,  FSP,  and  AF 

interlocking existed. The amount of AF in the welding and the intensity of welding power were both seen to have an inverse relationship  of  parameters  in  addition  to  an  increase  in corrosion defects when an increment is noted in the amount of AF.  The  HAZ  microstructures  and  microhardness measurements reflect the high impacts of the welding power intensity  on  the  microstructure  type  and  its  microhardness values,  as  it's  known  the  microstructure  type  will  determine the HAZ mechanical properties and the weldment fits with the design criteria. 

The  results  of  this  study  demonstrated  that  if  welding conditions  and  parameters  are  optimized,  the  resistance  to corrosion, the induced residual stresses, and the deformation in  the  welding  joints  may  all  be  enhanced.  The  demands of industrial businesses are highly requirable; hence, this study has good potential for future implications. 

The major limitation of this research paper was the lack of (moving heat source) ANSYS ACT in simulating the welding bead geometry. As it's known, this ANSYS ACT treated the welding joint as a straight line which neglected the joint design Figure 9.  Heat-affected zone (HAZ) microstructure: (A) 7.5 

impacts. Also, the absence of a thermal camera was one of the mm/s welding speed, (B) 6 mm/s welding speed, and (C) 5 

biggest limitations in expanding this research results. 

mm/s welding speed 
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This study focused on the effects of welding speed and power intensity on distortion and
corrosion resistance for alloy steel T-joint weldments. The research was theoretical but also
included practical experiments to identify thermodynamic characteristics. The study
focuses on the alterations in microstructure and the ability of the weld metal o resist
corrosion. Three interconnected modeling operations included structural and thermal
evaluations in calculating the microstructure and the deformation of the weld joint. The
heat effect zone (HAZ) width in welding speed is Smm/sec, about 47 mm in the Y direction
and 60 mm in the X direction. For 6 mm/sec welding speed, the HAZ was 25 mm in the Y
direction and 29 mm in the X direction, and finally, the HAZ widih for weldment with 7.5
mm/sec welding speed was 21 mm in the Y direction and 26 mm in the X direction. The
highest deformation with 1,08 mm was calculated when welding with lower welding speed
and the highest source power. While 0.57 mm deformation was recorded when welding
with the highest welding speed and lowest source power intensity. Samples of the weld
metal were tested to monitor their weightlessness and corrosion level. The results showed
that the size of the HAZ increased with increasing intensities of power. Results reveal that
the distortion of weld joint varies inversely with welding velocity and directly relates to
power intensity. A microstructural analysis shows that the weld metal has acicular
interlocking, polygonal ferrite, and side plates. Acicular ferrite amount influenced weld
metal corrosion resistance decreased as power intensities increased. The microstructure of
the HAZ is significantly influenced by the intensity of the welding power, which in tum
affects the microhardness of the HAZ.

1. INTRODUCTION

Rosenthal published some work on thermal energy transfer in
welding procedures [3]. Research has developed an analytical

Arc welding establishes an electric current between the
clectrode and base metals. It is often used in the manufacturing
industry. The highly intensive localized heat source, the arc,
heats base metals, and that filler wire forms a molten pool
similar to their interface [1]. A joint will form between base
metals when the weld pool has solidified. Out of the various
types of energy used in manufacturing, the electrical power
needed to run this process is massive. Controlling the energy
flow within the workpiece may minimize this amount. To do
this, we can raise the maximum temperature below the heat
source and decrease heat loss to the surroundings through base
metal [2]. A thorough investigation of thermal-energy transfer
in the welding process is necessary to ascertain energy usage.
Heat transport, fluid flow, and the work piece's
clectromagnetic field should all be part of such an analysis.
The best way to reduce energy consumption during arc
welding is by doing a series of computations that adjust the arc
power and speed. This is not new; in the carly 1940s,

165

model for moving heat sources. Still, the research ignored the
end effects of starting and stopping in automated welding
because it assumed the temperature field was steady in moving
coordinates. Outside of the region where the welding pool is
located, the anticipated temperature field is satisfactory, even
though Rosenthal's model ignores a point heat source,
convection, phase change, and heat removal from the
workpiece.

Dauod et al. [4] studied the impact of welding parameters
on the workpiece temperature ficld and colleagues. The factors
in question were travel speed and energy input. Their findings
demonstrated a nearly linear connection between the energy
input and the weld peak temperature. Furthermore, it was
shown that the welding parameters substantially impacted the
fusion zone and heat-affected zone shapes. The model does not
account for the convection of fluids in the molten weld pool.
The weld's geometry and heat distribution in the workpiece are
impacted by fluid flow in the weld pool.
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