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Abstract

Electric arc welding (EAW) is a traditional fabrication process used in wider domestic, commercial
and industrial application. Welding is a joining of two materials with the application of heat at the
molecular level with the application of heat and pressure. Many materials used for welding application
for different joining process. Maraging steel is special steel used for production of different air-craft
components. Maraging material is used for heavy tools, producing strength, toughness, weld ability,
and machine ability is good for any components. The investigation of heat transfer during the welding
for a maraging steel surface provides a new topic for the research. The ranges of input parameters are
voltage (35 to 55 V), current (70 to 90 V) and electrode diameter (5 to 20 mmy). The study also predicts
the effect of mode of heat transfer for the welding environment. The mode of heat transfer considered
for the studies are convection on the variation of heat transfer coefficient and mixed effects of
convection — radiation. The heat transfer coefficient is varies 0 to 100 W/m’ K. The present study
considered the considerations such as voltage, current and electrode diameter to determine the weld
energy produced through the welding. The study will also find the temperature profile, heat dissipation
rate of the welding zone and work piece. The study will contribute to knowing the characteristics and
phenomenon of electric arc welding for heat transfer phenomenon. The present work also helps to
design and joining of the components for industrial and air craft components.
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INTRODUCTION
Day-to-day, new materials are developed to improve the component's performance and durability.
Maraging steel composites are the newest welding materials, having a composition of iron, carbon,
nickel, cobalt, molybdenum, and titanium. The material is used in manufacturing aircraft components
and heavy tools, offering good strength, toughness, weldability, and machinability. The material
provides good dimensional stability due to excessive heat control, which manages the micrograin
structure. Welding is a fabrication process that changes the structure of the material with molecular
restructuring through the application of heat.
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The various arc welding parameters includes welding current, arc voltage, welding speed, heat, and
polarity. Welding Current is used during welding. It directly affects the heat input, depth of penetration,
etc. Voltage is controls the arc length. Welding Speed is the speed at which the electrode travels along
the welding joint. More speed causes insufficient heat input leading to incomplete weld joint. Lower
speed causes more heat input to the welding joint leading to burnouts. Polarity: It decides the direction
of current flow between the electrode and work piece which in turn decides the heat input at the work
piece. These arc welding parameters directly affects the weld quality and welding efficiency.
Optimization of these parameters reduces welding defects and produces sound quality weld which has
important applications in various industries like automotives, construction, and aerospace. Durable
welding joints are crucial for joining chassis parts in automobiles.

Numerical study of welding of dissimilar material with its properties are reported (Hejripour et al.,
2019; Liang and Luo, 2017; Wei et al., 2015).[14, 23, 38] Heat transfer analysis of friction stir welding
for dissimilar materials of Al and Cu alloys are carried out by ANSYS (Kumar et al., 2025). [19]
Temperature distribution by friction stirs welding of the magnesium-based alloy AZ31B-H24 (Sati et
al., 2018). [28] Temperature and stress distribution of plasma arc welding for titanium sheet (Hossain
et al., 2024),[15] thermal modeling of TIG welding using ANSYS for 304 stainless steel (Prabakaran
et al., 2022),[34] density of heat transfer in electron beam welding of Ti and Al alloy (Murygin et al.,
2021). [24] Stress analysis of arc welding by 3D numerical analysis was conducted (Campagnolo et al.,
2021; Arunkumar et al., 2019),[2, 6] submerged arc welding of Ramor 500 armor steels (Taskaya et al.,
2019). [30]

The numerical simulations of fusion-based butt welding on identical geometrical profile are
considered (Patterson et al., 2021; Zhang et al., 2020; Xu et al., 2019; Chukkan et al., 2015; Tsirkas et
al., 2003). [17, 26, 35, 39, 40] Thermo-mechanical welding of a double U-shaped joint of alloy steel to
compute stress and heat distribution to predict the temperature distribution. Arc welding, submerged
arc welding process (Chen et al., 2012), [7] thermo-mechanical and residual stress distribution (Sattari-
Far et al., 2009) [33] of mild steel evaluated for a butt joint. Circumferential surface of a cylindrical
weld by TIG and temperature and heat transfer analysis (Arora et al., 2022), [1] heat transfer analysis
of bimetallic rings by electron beam welding (Kuraskin et al., 2021), [20] applied circumferential heat
flux to weld structural steel plates to determine temperature and stress distribution of the welding joint
were carried out (Vemanaboina et al., 2014). [36] Unsteady thermal behaviour of a T-joint of stainless
steel was used to evaluate and perform temperature distribution.

A number of heat sources and geometries are considered for heat transfer analysis for Gas Tungsten
Arc Welding (GTAW) and Gas Metal Arc Welding (GMAW) (Farias et al., 2022),[11] GTAW applied
to SS316L (Reddy et al., 2023), [27] and GMAW (Schnick et al., 2011).[29] A Gaussian heat source
was implemented to find temperature and stress analysis of a welding process on a fused silica substrate
(Tan et al., 2019).[16] The temperature profile of twin-arc submerged arc welding for a welding surface
was determined (He et al., 2011). [13] The complexity of heat transfer involves different modes such
as conduction, convection, and radiation in welding, as described (Lancaster, 1986). [21] The dependent
parameters of the material, geometrical shape and size of the workpieces, power density and welding
speed, are presented (Ebrahimi et al., 2023; Chludzinski et al., 2021; Ayoola et al., 2017; Baruah and
Bag, 2017; Collins E., E., Joseph . A., 2017). [4,5,8,9, 10]

A 3D moving coordinate FSW technique was used to predict the heat transfer and temperature
distribution for tool AA6082 (Verma et al., 2017),[37] AA7075 and AA2024 (Padmanaban et al., 2014),
[25] AA7020-T53 (Aval et al., 2010), [3] and AA6061 tool (Song et al., 2003). [32] (Jain et al., 2017)
[18] conducted the welding under various thermal conditions for tool AA2024 and found the
deformation effects on rotational and welding speed. Based on the above literature study, a heat transfer
analysis of maraging steel through electric arc welding, considering the variation of the supply electrode
diameter, current, and voltage, will be predicted. The study also considers the effects of different heat
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transfer modes during the welding process. This study will help in analyzing the welding of the above-
mentioned material.

NUMERICAL SIMULATION
The numerical study conducted by modeling a T-section of the required size as shown in Figure 1.
The mesh geometry of the T-section model is presented in the Figure 2.
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Figure 1. Model of T-section.
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Figure 2. Mesh geometry of T-section.
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The present study will be carried out the welding process in the single side as well as double side
welding to predict the heat transfer phenomenon. The welding process is carried out in the longitudinal
direction (Z-axis). ANSYS is a useful tool used for carrying out the material related study for a heat
transfer. In a comparison to the experimental analysis some assumptions take care of the numerical
analysis to predict the nonlinear material models. The assumptions are mentioned as

1. Workpiece and tool materials are considered to be homogeneous and isotropic.
2. Work-piece properties are temperature dependent.
3. Heat flux is following the Gaussian distribution principle.
4. The flame is assumed to be axi-symmetric.
5. Fraction of flame is dissipated to work piece.
6. A little amount of weld energy lost to the atmosphere through convection and radiation.
7. Work-piece is considered to be from any stress before machining.
Numerical Methodology

An axisymmetric model with transient analysis of uniform heat flux is considered. In this analysis it
is assumed that the work piece is being heated by a Gaussian type of heat source. The heat transfer
equation is

10T 0%T = 9%T 92T
et -tz taztl 1)

Initial Condition

At t = 0 (initial) welding, the work piece is considered to be at ambient temperature (T,). Heat
generated by the welding in the zone of T-shaped of the joint sp heat flux boundary condition applied
in the zone. The other sides of the work pieces are insulated means (dT/dn) = 0, n is the coordinate of
the work pieces. Further, the boundary condition of heat flux changed as per the application of the
modes of the heat transfer. The heat flux is given in the eq. (2)

Q= % exp {—4.5 G)z} 2)

The numerical procedure starts with the preparation of the model of the T-joint by defining elements,
material and its properties. The mesh is generated and discritize with the help of Finite Element Method
(FEM). A grid independence study also carried out independent results of the numerical analysis. The
initial and boundary conditions are applied as per the described. The heat flux is applied to solve the
problems. The material is considered Maraging steel which is given as per the ANSYS (ANSYS User
manual, 2018). The properties selected for the material are density, thermal conductivity, thermal
diffusivity, specific heat, Young modulus, Poisson’s ratio. The heat transfer data taken into account
after a converge solution for further evaluation.

RESULT ANALYSIS

The present numerical work carried out the numerical analysis to determine the heat transfer and the
temperature profile through the welding of maraging material process. The numerical analysis was
conducted by considering a T-joint. The heat transfer phenomenon predicted the effect of supply
current, voltage and diameter of the electrode. The parameter ranges are as current 60 to 90A, voltage
30 to 50V, diameter of electrodes upto 20mm.The data collected from the numerical result is
temperature and heat transfer rate calculated.

The Figure 3 shows the contour of the maximum temperature and weld energy during the welding
process of T-joint. The Figure 3 shows the maximum temperature occurs in the welding surface. The
Figure 4 is illustrating the relationship between maximum temperature and time for different diameters
(D) of the welded material. The maximum temperature rises rapidly, reaching its peak of nearly within
2-3 seconds and then gradually declines to 10 second. The Figure 4 shows that as the diameter of the
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material increases, the maximum temperature reached over time decreases. This suggests that larger
diameters have better heat dissipation, preventing the material from reaching extremely high
temperatures quickly. Smaller diameters (0.01 m and 0.012 m) exhibit a rapid increase in temperature
and higher peak temperatures compared to larger diameters (0.015 m and 0.02 m). This indicates that
smaller diameters have less capacity to dissipate heat, causing them to heat up quickly.
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Figure 3. Temperature profile of the T-joint during welding. (a) Maximum
Temperature; (b) Weld Energy.
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Figure 4. Maximum Temperature of the weld surface for single and double side. (a) Single side;
(b) Double side.
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Figure 5. Weld energy of the weld surface for single and double side. (a) Single side; (b) Double side.

This Figure 5 is showing the relationship between weld energy and time for different diameters. As
time increases, the weld energy also increases for all diameters, but the rate of increase and the final
weld energy values differ for each diameter. The D = 0.01 m reaches the highest weld energy, while the
D = 0.02 m reaches the lowest weld energy. Upto 2 seconds, all curves show a rapid increase in weld
energy, indicating the initial phase of welding where energy input is high to start the process. Between
2 to 6 seconds, the rate of increase slows down, showing a transition phase where the welding process
stabilizes. Finally, from 6 to 10 seconds, the increase becomes more gradual, indicating the latter part
of the welding process where the material reaches near its final state. The trend line also finds that
smaller diameters reach higher weld energy compared to larger diameters. This suggests that thinner
materials require more energy to weld effectively.

Figure 6 depicts the maximum temperature generated on the variation of supply voltage for two
different electrode diameters. The trend line suggests that the maximum temperature increases with
time. At a particular time the increase in the supply voltage increases the temperature because of more
power supplied. The similar trends found in both the electrode diameter on the determination of the
maximum temperature. In a comparison between two diameters for a particular supply voltage smaller

diameter produces more maximum temperature. The phenomenon occurs because of the large volume
of the electrode.
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Figure 6. Maximum Temperature of the weld surface for different electrode diameter. (a) Single side,
D =20mm; (b) Single side, D =5mm.
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Figure 7. Weld energy of the weld surface for different electrode diameter. (a) Single side, D =
20mm; (b) Single side, D = Smm.

The Figure 7 depicts weld energy on the variation of supply voltage for two different electrode
diameters. The trend line shows the maximum weld energy achieved for the maximum supply voltage
and finds the lower electrode diameter produces highest weld energy. The trend line founds this
phenomenon because of more heat generated for the welding process on supply of more current.

The Figure 8(a) illustrates the relationship between time and maximum temperature for different
input voltages. This steeper ascent indicates that with a higher voltage, the temperature rises more
rapidly compared to the lower voltage. The slope of the curve shows an even increase in temperature,
demonstrating that a voltage causes a rapid rise in temperature over time. Indicates that at the highest
voltage, the maximum temperature increases the fastest and reaches the highest levels. The relationship
between weld energy and time for different voltage levels is in the Figure 8(b). As the voltage increases,
the weld energy also increases over time. Higher voltage levels result in higher weld energy. As the
voltage level increases, the rate at which the weld energy rises also increases. This suggests a direct
correlation between voltage and weld energy increase rate. Higher voltage levels result in significantly
higher peak weld energies within the same time frame.

Figure 9 depicts the relationship between maximum temperature and time for different modes of heat
transfer such as convection and radiation. As the heat transfer coefficient increases, the maximum
temperature also increases over time in Figure 9(a). This indicates that materials or systems with higher
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heat transfer coefficients absorb more heat in the surrounding air which decrease the temperature and
weld energy, but reach higher temperatures with time. Materials with lower heat transfer coefficient
experience a sharper increase in temperature, reaching higher maximum temperatures. This indicates
that these materials retain heat more effectively but distribute it less efficiently due to surrounding
convection effects. Higher heat transfer coefficient release heat more efficiently, resulting in lower
maximum temperatures over the same time. The variation of mode of heat transfer for welding predicts
the maximum temperatures are shown in Figure 9(b). The trend line suggests the convection and
convection- radiation impact on maximum temperature with reducing the maximum temperature.

The Figure 10 depicts the weld energy on the variation of time for modes of heat transfer. The graphs
found that the convection and radiation effect on the surrounding of the welding reduces the weld energy
generated. The increase in the heat transfer coefficient increases the dissipation of weld energy which
reduces the weld energy of the welding. Similarly the combination of convection and radiation also
reduces the weld energy from the welding. The mode of the heat transfer in the welding environment
improves in the cooling of the work pieces to improve the molecular structure of the welding surfaces.
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Figure 8. Maximum Temperature of the weld surface for single and double side. (a) Maximum
temperature, Single side, D = Smm; (b) Weld energy, Single side, D =5mm.
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Figure 10. Weld energy for different mode of heat transfer. (a) Convection; (b) Convection —
Radiation.
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Figure 11. Maximum temperature for single and both sides. (a) Single side; (b) Double side.

Figure 11 showing the relationship between maximum temperature and time for different current
values. As the current increases, the maximum temperature also increases over time. Higher current
values result in higher maximum temperatures. The rate of temperature increase is higher for higher
current values. Higher current levels result in significantly higher peak temperatures within the same
time frame. Figure 12 showing the relationship between weld energy and time for different current
levels. As the current increases, the weld energy also increases over time. Higher current values result
in higher weld energy. Each curve shows that the weld energy tends to level off after a certain period,
indicating a steady state in the energy application. Higher currents result in higher weld energies, which
can influence the strength and quality of the weld.

CONCLUSION

The present heat transfer analysis of the welding for the maraging steel for different air-craft
applications in a numerical study. The study also concludes that the increase in the supply voltage and
current increases the supply power which increases the maximum temperature and weld energy
generated during the welding process. The electrode diameter also affects the heat transfer phenomenon.
The increase in the electrode diameter decreases the heat transfer phenomenon. The mode of the heat
transfer such as convection and combined convection-radiation reduces the maximum temperature and
weld energy which effect the formation of the welding surface. The study helps to analysis the welding
heat transfer of the particular material to improve the design and fabrication of applied components.
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Figure 12. Maximum temperature for single and both sides. (a) Single side; (b) Double side.
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Nomenclature

Symbol Name

Specific heat of the work piece in kJ/kg K
Width in m

Heat input on work piece W

input

Current in Ampere

Thermal conducvity W/m K

Length in m

Heat flux per volume

Spark radius in m

Voltage in Volt

Temperature of the work piece in °C
time in sec

Axial length variable in m
Coodinate of the system

(k/pc ) Thermal diffusivity

Density of the work piece in kg/m’

Hl<|=lo|c x| ==z |e
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