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ABSTRACT

Electroslag welding isiwidely used in column joints. However, the process of electroslag welding has a higher
heat input than other welding processes, which results in dramatic changes in microstructure and mechanical
properties, especially grain size and toughness. These connections are very vulnerable when subjected to dynamic
loads and earthquakes. Therefore, the study of heat transfers and its effect on the mechanical properties of these
joints is important. Considering thedmportance of this, in the present study, a finite element model is proposed
to study the thermal behavior.of this process, then the accuracy of the model is measured according to the
practical experiments of the microcontroller, For verification, several practical examples of welding were
performed and then, to evaluate the size of the pit pool, welded sections of the macrovar were prepared to confirm
the assumptions of the model. In the next step, the validated model is used to study the thermal behavior of the
system and the distribution of temperature according to the variables of current, voltage and speed. In this

regard, due to the complexity of the process, it issnot/possible to carry out all simulations with software menus,

so much of the simulation was written with the language of the’ANSYS software.
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Introduction

The use of electroslag welding for creating thick sheet
metal joints in large metal structures and pressure vessels
has gained significant attention due to its high deposition
rates and minimal need for skilled labor [1]. However,
most experimental and numerical studies have focused
on optimizing joint properties under various operating
conditions, with limited research on the effects of key
process parameters on the weld pool and heat-affected
zone. Deb Roy et al. [2] studied welding variables’
influence on temperature fields and dilution rates. Ritchie
[1] examined process variables’ effects on heat input and
the heat-affected zone. Chen et al. [3] analyzed
mechanical property losses and microstructural changes,
while Deng and Kyoshima [4] simulated welding
temperature fields, residual stress, and deformation.
Kakizaki et al. [5] modeled post-welding cooling, and
Delivari et al. [6, 7] studied molten fluid flow,
electromagnetic currents, and heat flux. All these studies
assumed plane symmetry, but the lack of problem
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simplifications and an optimal moving heat source has
led to long solution‘times.

Finite element modeling and the ANSY'S analytical tool
have greatly simplified the implementation of this
method on a personal computer scale [8], making them
highly effective for thermal and mechanical analyses [9,
10]. In this study, the heat source is modeled as a
volumetric heat flux, effectively capturing the
characteristics of electraslag welding. This simplified
model reduces problem complexity and solution time. A
review of the literature reveals that the combined effects
of current intensity, voltage, and,welding.speed have not
been simultaneously studied. Thus, thiS paper examines
their impact on the heat-affected zone size, maximum
slag temperature, and temperature distribution.

IMaterials and Methods

A516 Gr 70 carbon steel parts were joined using the
electroslag welding method, with a consumable nozzle
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feed wire. Joint scheme is brought in Figure 1 which is
exactly similar to the model used in the finite-element
simulation with the exceptipn that Due to the symmetry,
only the right half was modeled in the Figure 1.
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Figure 1. Schematic of the right-hand side of the Electro'Slag
Welding symmetric model: view from the top (the welding
direction in perpendicular to the screen)

It is worth noting that the current, voltage, and
welding speed are unique for each sample (Table 1).

Table 1. Welding variables of the samples

Sample Current Voltage Speed
no. (A) V) (cm/min)
1 380 36 16
650 38 18

Cross sections were prepared for metallography.

In electroslag welding, the slag, initially melted by an
electric arc, acts as electrical resistance. When current
passes through it, heat is generated according to Joule’s
law (Equation 1), where R is resistance (Q), | is current
(A), and t is time (s).

Eq (1) Q=RI?=VIt

In the thermal model, the governing relationship for
transient nonlinear temperature distribution studies is as
Equation (2) [2].
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In the above equation, A, (1=x,Yy, z), T, p, and c represent

the thermal conductivity, temperature, density, and
specific heat capacity, respectively. . denotes the

internal heat generation rate. It is assumed that the
voltage drop occurs entirely in the slag layer, which is
reasonable since the slag’s electrical resistance is
thousands of times higher than that of the metal. In the
finite element model, the welding path is divided into
small, equal-length sections (mesh blocks), each heated
sequentially to simulate the moving heat source
representing the welding passes. For simplicity, the slag
layer and weld metal are treated as a single entity, and the
element birth and death technique is used to model the
welding process.

The volumetric heat flux is determined using Equation
3).

N

Eq (3) 0,=7n
In the above equation, U is the arc voltage, | is the

welding current, V,, is the heat source volume, and # is

the arc efficiency. In the thermal analysis, it was assumed
that all surfaces of the finite element model, except the
symmetrical plate, lose heat through convection to the
surrounding air at an ambient temperature of 25°C. The
heat transfer coefficient for the weld and base metal in

free air was taken as 15W /m'K , based on various
measurements. The number of nodes is 37815 and the
number of elements is 32825.

|Resu|ts and Discussion

The simulated models were verified with real models to
validate their aceuracy (Figure 2) based on the size of the
melt pools;

Figure 2. Validating the finite element models: a) sample no.
1, b) sample no. 2



Current values of 380, 650, and 800 A were applied
to the moving heat source with a constant welding speed
of 2.67 mm/s and voltage of 38 V. Figure 3 illustrates the
impact of current on weld pool size, temperature
distribution, and maximum slag temperature. Increasing
the current,from 380 to 650 and 800 A raised the slag
temperature from 1658 °C to 2081 °C and 2362 °C,
respectively,-highlighting the effect on heat transfer and
slag temperature. \The effect of heat source speed was
also studied with speeds of 1, 1.2, and 1.39 mm/s, while
keeping current at 380°A and voltage at 38 V. Lowering
the speediincreases heat input, as more heat is applied to
the material.<«The maximumsslag temperature decreased
with increasing speed: 2162 °C.at 1 mm/s, 2142 °C at 1.2
mm/s, and 2129 °C at 1.39 mm/s, confirming the
theoretical trend. The impact of voltage changes from 38
to 40 and 42 V was also investigated at a speed of 1.39
mm/s and current of 380 .A. The maximum slag
temperature increased from2081 °C t0.2142 °C and 2206
°C, respectively.

Figure 3. Heat distribution and the peak slag temperature
in welding currents of a) 380 A, b) 800 A, c) 650 A

Although joints between parts were not modeled, the
thermal cycles at key locations and the size of the melting
zone closely match experimental measurements,
indicating that the initial joints have a negligible impact
on the thermal analysis.

Conclusions

This research successfully simulated heat transfer in the
electroslag welding process using finite element analysis
in ANSYS mechanical APDL. The simulation results
aligned closely with practical observations.

e A dynamic heat source model in ANSYS
Mechanical APDL effectively simulated the welding
process’s input heat.

e The finite element model’s accuracy was confirmed
by comparing simulated weld pool dimensions with
experimental samples.

e Variations in welding current, speed, and voltage
showed corresponding changes in slag temperature,
consistent with theoretical expectations.
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Figure 1 Schematic of the right-hand side of the Electro Slag Welding symmetric model:view from the top (the
welding direction in perpendicular to the screen)
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(kg /m?3), c) specific heat capacity (J/k)
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Figure 4 Validating the finite element le no. 1, b) sample no. 2
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Finite element Simulation of Heat Transfer in
Electroslag Welding
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ABSTRACT
Electroslag welding isswidely used in column joints. However, the process of electroslag welding has a higher

heat input than other welding processes, which results in dramatic changes in microstructure and mechanical
properties, especially grainsize and toughness. These connections are very vulnerable when subjected to dynamic
loads and earthquakes. Therefore, the study of heat transfers and its effect on the mechanical properties of these
joints is important. Considering the importance of this, in the present study, a finite element model is proposed to
study the thermal behavior of this process, then the accuracy of the model is measured according to the practical
experiments of the macrocontroller. For verification, several practical examples of welding were performed and
then, to evaluate the size of the pit pool, welded sections of the macrovar were prepared to confirm the assumptions
of the model. In the next step, the validated model‘is used to study the thermal behavior of the system and the
distribution of temperature according to the variables of current, voltage and speed. In this regard, due to the
complexity of the process, it is not possible to carry out all simulations with software menus, so much of the

simulation was written with the language of the ANSY.S software-called APDL.
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Finite element simulation, Heat transfer, Electroslag welding, Welding parameter
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