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Abstract: Tungsten inert gas welding (T1G) is more stable and
allows for more precise control than most other arc welding
processes. TIG welding is desired in the aerospace sector when
thin parts have been welded with accuracy. However, when
welding thick sections, autogenous Tl G welding is not commonly
recommended due to the limited depth of penetration required. It
is in effective for joining the thick parts in a particular pass.
Welding with activated flux tungsten inert gas (A-TIG) enhances
weld penetration by four timesin a single pass. This process will
improve penetration depth, depth/width ratio and also, minimize
angular distortion and residual stresses. A-TIG is the topic of
investigation among researchers due to its deep penetration
capacity. Properties of A-TIG welding in diverse materials was
investigated in this study which also discusses the mechanisms,
varied forces like lorentz force, buoyancy force, shear stress
prompted by plasma jet, shear stress prompted by surface tension
gradient, reverse marangoni force and aerodynamic drag force
induced in the weld pool. The impact of activated fluxes on
various materials of A-TIG weld was also investigated in this
study. Recent advancements in TIG welding methods were also
explored. According to the findings, A-TIG welding improves
weld penetration significantly, but there is a lot of dug on the
weld surface. This constraint can be addressed by using new
versions of the A-TIG welding progression, such as flux bounded
and theflux zone.

Keywords: A-TIG welding. TIG welding. Mechanisms. Various
forces. Various materials.

. INTRODUCTION

TIG welding is chosen for together thick and thin sections.

However, when welding thick components, each method has
some drawbacks. Many researchers have looked into such
limitations. A-TIG welding was industrialized on austenitic
stainless steels as a new variation of the conventional TIG
process to overwhelmed TIG limitations. A-TIG welding
was developed by the E.O. Paton Ingtitute Electric Welding
to overwhelm the drawbacks of TIG welding [1-2].
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TIG welding's main drawbacks are the limited material
thickness, poor and low productivity [3-7]. When welding
austenitic stainless steels, variable weld penetration was
reported particularly in autogenous TIG welds or multiple
pass TIG welds. sulphur, oxygen, aluminium, and calcium
have al been reported to impact penetration depth, bead
height and bead width. The quantity of weld penetration
increases as the quantity of oxygen and sulphur in the base
material increases, while bead width decreases. Weld
penetration reduces and bead width increases as the
concentrations of aluminium and calcium increase. Mogt e
literature on variable weld penetration agrees that sulphur is
the most important factor. Sulphur, in genera, has a
negative influence on fusion zone at values of lessthan 0.01
wt percent (100 ppm), with the effect rapidly increasing
below 0.006 wt percent (60 ppm).However, actual
penetration is determined by the interaction of other factors
in a given materia's heat. Poor TIG welding productivity is
caused by a grouping of low welding speed and excessive
total of passes necessary to make joint with thick materials
[8-12]. Many ways were used to improve the TIG process
penetration depth and productivity over years. In automated
TIG operations, very high currents can be employed to
promote penetration, but above 500 Amps, flaws occur and
the process becomes unstable. The keyhole mode GTAW
method, developed a few years ago, appears suitable for
ferrous and non-ferrous materials with thicknesses ranging
from 3 to 12 mm. Use of an activated flux coating before
welding can significantly increase the arc's penetrating
capabilities in TIG welding. Activated flux is reduce
liability to modifications in depth of penetration instigated
by cast-to-cast variability in metal composition. In the
1990s, investigators in the United Kingdom were drawn to
partial evidence on the use of flux. The activated oxide base
flux is mixed with acetone prior to the welding process to
sort paste like consistency in this technique. Acetone
vaporizes, parting a flux layer on the surface.

1.1 Activated TIG weding mechanisms

This mechanism was studied extensively, with two leading
theories being arc condriction [11-17]. The A-TIG
mechanism, however, remains a point of contention. Many
studies were undertaken to determine the mechanism of
increased weld penetration in GTA welding due to flux.
Many studies investigated the outcome of flux on the weld
bead and microstructure in austenitic stainless steels
[Modenesi, 2000; Lu, et al., 2002; Huang, et a., 2005;
Rodrigues and L oureiro, 2005; Leconte, et al., 2006].
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Single component fluxes enhanced penetration of austenitic
stainless steel welds until 5 mm without affecting the
mechanical properties and microstructure. The flow had an
influence on microstructure in addition to greater
penetration. Flux used in stainless steel (304) diminished hot
cracking liability owing to an intensification in retained
ferrite, according to Huang et al. (2005). Flux also reduced
angular distortion, according to the researchers. Rodrigues et
al. (2005) revealed few enhancement in the microstructure
of the stainless steel weld. The coating of flux paste were
present in Figure 1.
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Fig. 1 Preparation and coating of the flux paste.

These fluxes were thoroughly tested for weldability,
corrosion resistance, mechanical properties and safe use, and
were initiate right for extensive range of applications. Deep
penetration could be obtained with a butt joint in materials
with less than 0.5 mm in thickness potentially lowering
weld bevel preparation costs. It is possible that this will
eliminate the need for two or three passes to finish the joint.
Due to increased penetration, heat input can be reduced if
necessary while still achieving penetration levels doubl e that
of conventional tungsten inert gas welding.
Flux assiged TIG process can be undertaken with standard
TIG welding equipment. FHuxes were originate to have no
foremost effect on the weld root profile. FHux reduced
welding time significantly, and applying flux in the shop or
on thejob israther smple. As aresult, developing a specific
activated flux for austenitic stainless steels is extremey
beneficid. Figure 2 depicts the typical appearance (a) TIG
welding and (b) A-TIG weding. [18-25].

TIG

A-TIG

Fig. 2 (a) TIG welding (b) A-TIG welding
Variable penetration in welds was explained by a shift in
Marangoni flow (Fig. 3). The therma coefficient of surface
tension of the molten pool was linked to the change in fluid
flow. If the heat coefficient of the surface tension was
negative, the surface tenson in the cooler outlying portions
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of the pool would be higher than in the centre, and the flow
would be outward, resulting in a broad shallow weld pool
(Fig. 4 a). This flow was reversed toward the centre of the
weld pool in materials with a postive gradient, whereas
molten material flowed downhill in the centre, resulting in a
narrower, deeper weld pool under the same welding
conditions (Fig. 4 b) [26-30].

TIG welding A-TIG welding
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Fig. 3 Schematic representation of depth of penetration
in(@ TIG and (b) A-TIG
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Fig. 4 Marangoni flow: v is surface tension, T is
temperature. (a) Negative surface tension (b) Positive
surface tension.

Various A-TIG welding mechanisms were proposed by
different researchers. Savitskii and Leskov in 1980 proposed
the first mechanism, flux to act as a surface-active agent
which changed surface tension of the molten weld pool,
resulting in surface depression at the weld pool. Moreover, it
increased the radius of curvature on the weld pool’s surface
to form a minute cavity which supported arc pressure
leading to penetration at low current in different grades of
sted [31-34]. This mechanism is known as the TIG keyhole
mode. However, very little depression was reported in
stainless el at low weld current. The constriction of the
arc due to electron attachment at the edge of the arc forms
negative ions enhancing current density at the anode arc
root, thereby enabling s deeper penetration in the weld metal
than TIG welding noted in SS 316 LN and 30461 [35]. The
congtriction of arc was dso formed by the insulation effect
of flux in stainless steel [36].

Published By:

Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://www.ijrte.org/

OPEN 8ACCESS

Heiple and Roper proposed a mechanism based on the
Marangoni effect in SS 21Cr-6Ni- 9Mn. The existence of
surface-active elements (selenium, sulfur and oxygen) on
the weld pool changed the temperature coefficient of surface
tension from the negative to positive. Due to this change, the
fluid flowed radidly inward in the weld pool with a
relatively higher penetration depth known as the reversa of
marangoni convection. Arc construction due to negative
ions and arc constriction due to the insulation of flux and
reversal Marangoni convection are the most acceptable
phenomena for higher penetration depth in A-TIG welding
[36-40]. Despite these studies, there are no defined
standards for the A-TIG mechanism though it is used in a
plethora of industrial applications. The central ionised
plasma-span is reduced during A-TIG welding as the
welding torch moves from an uncovered surface to a flux-
covered surface. Because of their higher dectron affinity,
vaporising flux molecules such as oxygen or halogens
capture eectrons from the outer region of the plasma
column. The concentration of a welding arc increases to a
single point and temperature increases. This is known as
congtriction of the arc as shown in Fig. 5. Thisincreases the
temperature at the anode thereby increasing both current
density and heat intensity. This increases penetration depth
in A-TIG process [40-45].

Tungsten electrode
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Arc column (TIG)
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Fig. 5 Arc constriction mechanisms proposed for A-TIG
process
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An insulating layer of oxide flux acts as a barrier to the arc
current. Heat is sufficient to dissolve the flux in the weld
pool's centre. As a result of the insulating effect of the
activated flux, the arc diameter on the surface of the weld
pool decreases. Because of the insulating effect of the
activated flux, the density of heat at the centre of the weld
pool increases at a specific current. The high heat input
causes an increase in pressure and magnetic pinch forcesin
the weld pooal, resulting in strong convective downward flow
in stainless steel. Some elements that can be used as
activated flux are MnO,, TiO;, MoOs; SO, and Al2Os.
Particle size could be between 30 um and 60 pum [46-49].

Arc condtriction mechanism and its consequence on
penetration with different halides in A-TIG welding. It was
seen that the partial pressure of electron gas changes with
the addition of different halides results in a unique arc
congtriction. Tseng and Hsu investigated the heat energy
requirement for TIG peneration and found that heat
required was reduced by spraying a squeaky coat of oxides
on the weld’s surface. Various activated fluxes with
different particle sizes were mixed with acetone and applied
toan SS316 L 6 mm thick plate. It was seen that arc voltage
rose t during A-TIG welding. Revealing more heat input in
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welding fabrication. Tanaka et al., observed wide regions of
blue luminous plasma in A-TIG and TIG welding. The
intense region was expanded in the lower part of the arc in
TIG welding, whereas in A-TIG welding, this region was
only observed at the centre in the lower part of the arc.
Tseng and Chen compared two activated fluxes: TiO, and
SiO; on a SS 316 L. It was reported that arc voltage was
higher with SiO, than the TiO; flux. This is due to the fact
that SIO, had higher electronegativity compared to TiO;
that attracted more e ectrons from the exterior boundary of
the arc construction. A similar comparison was undertaken
by Venkatesan et a., on SS 304 L by using SO, TiO, and
tri- component fluxes comprising SiO,, TiO, and Cr,0s. It
was observed that arc condriction was the dominant
mechanism that enhanced penetration. Also, the superiority
of SIO2 was observed. In the A-TIG welding plasma
column increased current density at the anode spot,
subsequent in greater penetration of the welds. From the
review, it can be identified that vaporized activated flux had
more electronegativity leading to the arc column being more
congtricted. Marangoni  convection was first identified by
physicist James Thomson in 1855 and its complete
theoretical behavior was given by Gibbs. The surface
tension gradient decreases with increasing temperature
during T1G welding, promoting marangoni convection. As a
result, fluid flow in the weld pool was observed in an
outward direction, resulting in an increase in pool width and
a decrease in pool depth, as shown in Fig. 4. (4). Heiple and
associates investigated the effect of activated flux on fluid
flow in the weld pool. The magnitude and direction of
thermo-capillary forces controlled by the surface-active
agent determined fluid flow direction in the weld poal. It
was reported that a surface-active agent with a concentration
of more than 500 ppm changed the temperature coefficient
of surface tension from negative to positive, reversng the
marangoni convection direction from the edge to the centre
of the weld pool.as shown in Fig. 4(b). This phenomenon
was observed in A-TIG welding process as activated flux
acts as a surface-active agent and is responsible for higher
depth of penetration Smonik (1976) offered a proposa
based on an the arc constriction mechanism to explain the
fluxes efficiency. Although Simonik's theory appears
redistic and agrees with his experimental findings, the TIG
arc model provided contradicts the current theory, which
states that the arc is made up of a centredionised column
rather than neutral atoms.

Lucas and Howe (1996) presented a mechanism based on
the ideathat the TIG arc isdivided into four distinct areas.
Plasma Column: The eectron carries current, while
thermal ionization of the shielding gas producesions.
Anode/Cathode: As the gas cools, the electrode must have
a high potential drop to ensure continued current flow.
Cathode: High temperature created by the bombardment of
positive ions establishes conditions for thermionic electron
emission. .

Anode: Electrons accelerate due to the anode potential drop,
and kinetic energy isthen transferred to the anode.
Congtricting the arc raises the temperature at the anode due
to increased current density and higher arc voltage.
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By capturing electrons in the arc's outer regions, the
vaporized flux is thought to limit the arc. In a weak electric
field, electron atachment can occur in cooler periphera
regions with low energy electrons. lonization will dominate
the arc's centre, which has a strong electric field, a high
temperature, and very high energy electrons. The current
density in the plasma and at the anode rises as a result of
restricting current flow to the arc's centre region, resulting in
a narrower arc and a deeper weld pool. Arc constriction will
be aided by flux congtituents with large el ectron attachment
cross sections in their molecules or atoms. When
dissociated, halogen compounds have a wide electron
attachment cross section and a greater attraction for
electrons. Other compounds, such as metal oxides, with
smaller eectron attachment diameters but higher
dissociation temperature, can confine the arc by providing a
greater number of vaporized molecules and atoms in the
arc's outer regions [50-53].

[I. BENEFITSOF USING ACTIVATED FLUX

The activating flux process provides the following
advantages over the traditional TIG process [TWI GSP
N0.5663, (1994)]

v Increases penetration depth with a thickness of up to
12 mm can be welded in a single pass, compared to 3
mm with traditional TIG.

v' Overcomes cast-to-cast variation in low-sulfur (less
than 0.002%) stainless steel, which would ordinarily
generate a wide and shallow weld bead with traditional
TIG.

v' Shrinkage and distortion in welds are reduced. A
single-pass weld in the same thickness material with a
V-joint will cause less digortion than a multi-pass
weld in the same thickness materid with aV-joint.

v' Lessbevel preparationis required.

v' Welding time reduction.

v" The number of weld passes reduced.

v' Weding filler wire usage reduced.

v Back gouging and/or grinding no longer tolerated.
The claim of increased productivity is based on a reduction
in welding time, which can be achieved by reducing the
number of passes or increasing welding speed. When
compared to traditional welding, overall welding expenses
are lower by up to 50% or more. The use of flux has
drawbacks, including a rougher surface appearance of the
weld bead and the need to clean the weld after welding. To
remove slag residue, it is necessary to use awire brush.

1. VARIOUSFORCESACTING IN A-TIG WELDING

Forces acting in a weld pool are buoyancy force, lorentz
force, shear stress induced by surface tension gradient, shear
stress induced by plasma jet, marangoni force and
aerodynamic drag force. Buoyancy force, lorentz force,
surface tension gradient shear stress at the weld pool
surface, and arc plasma shear stress applied on the pool’s
surface are al driving forces for fluid flow in the weld pool.
Though arc pressure affects the pool’s surface, it has a
modest effect on fluid flow, especially below 200 A. All
driving forces for fluid flow are depicted in Figure 6 [104].

3.1 Buoyancy Force

As the temperature rises, the density of the liquid metal
drops. The liquid metal is warmer at point 1 and cooler at
point 2 because the heat source is above the centre of the
pool's surface. Point 2 towards the pool's edge has the
lowest melting point temperature. Gravity causes the heavier
liguid metal at point 2 to sSnk, as seen in the Figure 6. As a
result, the liquid metal snks along the pool's edge while
rising along the axis.

2 1 2 P
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Fig. 6 Variousforcesactingin A-TIG welding

3.2 Lorentz force
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The work piece's electric current converges on the tungsten
electrode in the pool's centre. Figure 6 shows the converging
current field and the magnetic field it creates. Due to the
downward and inward lorentz force. Hence, , the liquid
metal is pushed downward along the pool’s axis and rises

International Journal of Recent Technology and Engineering (IJRTE)
ISSN: 2277-3878 (Online), Volume-10 I ssue-5, January 2022

high weding current. Mills and Knee developed
mathematica models to explain the effects of the above-
mentioned forces on fluid flow and temperature contours in
the weld pool.

along the pool’s border, as shown in the diagram. The anode V. CONSEQUENCE OF PROCESS PARAMETERSON

is the area on the pool's surface through which the electric
current flows. The anode point is where the electric current
flows through the pool surface. As the anode spot gets
smaller, the current field from the work piece to the anode
converges more. As aresult, the stronger the Lorentz force,
the more the liquid metal is pushed downward.

3.3 Shear stressinduced by surface tension gradient

In the absence of a surface active agent, surface tension of
the liquid meta decreases as temperature rises. As shown in
the illustration at point 1, the warmer liquid metal with a
lower surface tension drags the cooler liquid metal with a
greater surface tension outwards. In other words, outward
shear dress is caused by the surface tension gradient over
the pool’s surface. The liquid metal runs from the centre of
the pool’s surface to the edge, and then returns beneath the
pool’s surface, as shown in the diagram. Marangoni
convection or thermo capillary convection are two terms for
surface tengon-driven convection.

3.4 Shear stressinduced by Plasma jet

Plasma travelling outward at high speeds along the pool’s
surface can create an outward shear stress on the pool’s
surface. Shear stress causes the liquid metal to flow from
the centre of the pool’s surface to the pool’s edge, and then
returns below the pool’s surface, as shown in the diagram.
These driving forces are included in the governing equations
or as boundary conditions in the computer modeling of fluid
flow in the weld poal.

3.5 Marangoni convection

The molten metd flows inward to the centre of the weld
pool due to the Marangoni convection. The negative ¢y/0T
makes the Marangoni convection propd the liquid flow
outward even when the temperature is beow this crucial
limit. Fig.7 clearly demonstrates the marangoni convection
effect.

Fig. 7 Marangoni convection effect.

3.6 Aerodynamic drag force

Aerodynamic drag force is induced as an outward surface
flow due to the shearing force set up by the plasma stream
also known as arc plasma force. The arc plasma force
considerably increases at the long arc length as the
momentum and kinetic energy level are increased due to
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WELD BEAD GEOMETRY OF TIG AND
ACTIVATED TIG WELDING

Variables of A-TIG welding affect both the penetration and
weld bead profile of the weld meta. Significant weld
parameters are welding current, weld speed, arc voltage, and
arc length, electrode geometry, shielding gas composition
and activated flux.

4.1 Wdding current

The heat induced during arc welding is directly proportional
to the welding current. Hence, both are key factors that
influence weld penetration. Heat flux density (Q) is
calculated by the expression in equation

Iy* Vx60
Hl = n% KJ/mm
1000+ N¢

Where,

I, isWelding current (Amps),

V isVoltage (V),

N, isTorch speed (mm/min)

n is Arc efficiency (Considered to be 90 % as revealed in a
literature survey).

The close circuit welding current is directly proportional to
heat flux density. Thus, increase in weld current increases
the total heat input and the temperature gradient resulting in
a high thermo-capillary convection [54-55]. However, larger
currents are aso responsble for higher electromagnetic and
aerodynamic drag forces. Electromagnetic force makes the
weld pool deeper, while aerodynamic drag force adversely
affects weld penetration and forms a wider weld poal. At
high welding current, electromagnetic forces produce a
significant tir- ring in the weld pool and thereby create a
vortex in weld pool which increases weld penetration and
reduces bead width. Also, in A-TIG welding, the presence
of surface-active elements (sulfur and oxygen), results in a
reversal of the Marangoni convection as well as congtriction
of the arc were observed.

They dominate the effect of aerodynamic drag force. Due to
this, the fluid flows radially inward in weld pool resulting in
high penetration and lesser bead width in A-TIG compared
to TIG welding of SS 304 LN. Also, better penetration was
reported in high sulfur steel than in low sulfur steel with
increased current. A similar result was reported by
maduraimuthu et a on P91 geel.

A higher weld current changes the molten metal flow and
subsequently the geometry of the weld pool by changing the
strength of various forces acting on the welding process. It
can be summarized that high weld current increases
penetration in A-TIG welding but in TIG welding,
penetration increases only to a limit. Further increasing the
current leads to a wider weld width, but not penetration
depth [56-59]
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4.2 Weld travel speed

Weld travel speed is the rate at which the arc moves along

the base plate during welding. Welding speed is inversely
proportional to the total heat input per unit length of the
weld that affects the geometry of the weld pool. . An
increase in welding speed reduces the net heat input per unit
length, which in turn reduces the weld pool’s cross-section
and subseguently the weld pool’s geometry. The shape of
weld pool geometry is presented in terms of weld depth to
width ratio (D/W). At lower welding speed, the peak
temperature and temperature gradient increase leading to
an increase in d/w ratio in high Sulfur steel (S> 70 ppm)
and adecrease in low Sulfur (S < 50 ppm) steel. Tseng and
Chuang reported that penetrationin 316 L SS isa function
of welding current and welding speed. At a particular weld
current, penetration depth was inversely proportiona to
welding speed and if welding speed was reduced, then the
fusion zone profile became deep and narrow. At lower
welding speed, the arc has adequate time to blend oxygen in
the weld pool and forms an oxide on the weld’s surface.
The oxide decreases surface tension convection of the weld
pool resulting in a shalow and wide weld pool profile.
When welding speed is increased, the total heat input at the
weld zone decreases gradually, hence, outward marangoni
convection and weak electromagnetic force are produced
which are respongible for a reduction in weld penetration
[60-63].

4.3 Arcvoltage

In TIG or A-TIG welding, an increase in arc voltage
increases the heat input, leading to a higher D/W ratio for
high sulfur and lower for low sulfur steel. Arc voltage is
affected by the geometry of the dectrode. Chern et al [64]
explained the effect on arc voltage with and without flux
TIG welding of 2205 SS. This was due to a flux with
nonmetal oxide (SiO;) having higher resistivity compared to
the metdlic flux (Al,Os) and without flux conditions. Due to
higher resistance, the conductive channel between the
electrode tip and weld metal surface isformed.

4.4 Arclength

During welding, an arc is formed between the electrode and
weld metal dueto theionization of gas. Arc length generally
varies from 1 mm to 10 mm. Increasing arc length and
resistance to the flow of charged particles lead to higher
voltage at a congtant value of current.

When arc length increases, the heat distribution area at the
anode’s root becomes wider. Due to the wider arc of plasma
in TIG welding, aerodynamic drag force increases, and
widens the weld poadl. Increasing arc length also reduces
overal arc efficiency as also an increase in the anode root
area. Henceforth heat loss from the weld pool’s surface
upturns due to more convection and radiation from the weld
pool’s surface. The increasing arc length reduced the D/W
ratio.

At ahigher arc length, thinner shielding gas protection to the
weld pool becomes weak. It alows carbon dioxide to enter
the outer layer of shielding gas and enhances the arc’s
oxidizability. In this situation, surface- tension-induced
convection becomes weaker due to the oxide formed on the
weld’s surface, and thus the D/W rétio is adversely affected.
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Initially, with increasing arc length, weld voltage increases
and dominates the effect at the anode root area, oxidizability
of the arc and heat loss from the plasma arc. But after
reaching optimal arc length, the above three parameters
dominate the effect of weld voltage and form a wider and
shallow weld pool.

4.5 Welding dectr ode geometry

Welding electrode geometry plays a mgor role in the
quality of the weld. The geometry of the electrode such as
electrode diameter, electrode tip angle and profile of the
electrode (conical tipped, frustum and wedge shape
electrode) may tend to change arc pressure affecting
aerodynamic drag force and the arc root area. In frustum and
wedge shape electrodes, more uniform current distribution
across the weld pool was observed compared to conical
tipped electrodes resulting in lesser thermo-capillary and
electromagnetic forces.

The amount of arc pressure isinversely proportional to the
cross-section of the flat surface of the electrode. When there
is a conical tip electrode, increasing electrode tip angle
dightly improves the heat distribution area at around 14%.
The cross-section of the welded area and electron
temperature reach maximum value with an electron tip
angle of 45°, but either increasing or decreasing the tip
angle, electron temperature reduces with a dight variation
in current density. Alignment of the wedge shape electrode
to weld direction has a major influence on penetration due to
the large variation in the temperature gradient and velocity
produced by thermo-capillary forces. A 75° inclination of
the weld electrode improves penetration due to an increase
in strength of the Lorentz force. Most of the authors reported
that activated flux increased arc voltage and thus reduced
the eectrode diameter in A-TIG than in TIG welding.
Hence, to avoid electrode consumption in A-TIG welding, a
larger diameter (3.2 mm) electrode is necessary [65].

4.6 Shidding gas

Shelters the weld pool from the atmosphere, controls
electrode temperature and stabilizes the electric arc. The
selection of shielding gas influences the characteristics of
the weld penetration profile. In accordance with the
ionization potential of the shielding gas, heat flux and
consequently the fusion zone area change in A-T1G welding.
Generally, argon is used as a shield in TIG and A-TIG
welding processes. Shielding gas directly influences arc
voltage and so a change in gas composition, also chances the
arc voltage. . The influence of oxygen additionto argon on
SS 304 was examined by Lu et al., who reported that the
weld d/w ratio increased with the addition of oxygen to
argon in a range of 3000 ppm to 5000 ppm at 10 I/min and
20 I/min flow rate. Oxygen contents below 2000 ppm or
over 6000 ppm, reduced the weld D/W ratio to 0.2. The
addition of oxygen formed an oxide slag on the welded
surface and oxidized the electrode tip inevitably. TIG
welded SS with sulphur doped and selenium doped
conditions using helium with argon.
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It was found that when a large amount of helium was added
to SS 304, the D/W ratio decreases, however when sulphur
and selenium doped SS 304 were added to helium, the D/W
ratio increased. Helium's strong conductivity was to blame
for this. However, as helium is lighter than argon, adequate
shielding necessitates a high gas flow rate. Huang combined
hydrogen with pure argon to improve arc voltage and hence
heat input to the work piece, resulting in a higher weld D/W
ratioin A-TIG SS 304 welds.

According to Tathgir et a [68] adding 5% H2 to argon
increased penetration of austenitic stainless steel with TiO2
flux by 70% in A-TIG welding. Rodrigues and Loureiro
studied the effects of argon, argon—helium, and an argon—
hydrogen mixture on SS 316 A-TIG welds. A significant
amount of porosity was recorded in A-TIG welds with an
argon — hydrogen mixture, which  increased with the
applied flux percentage, but was not detected with an argon
and argon-helium mixture. TIG weld penetration on SS 304
improved. Burgardt and Heiple TIG welded SS in sulphur
doped and selenium doped conditions with helium in argon.

4.7 Activating flux

Spectacular increment in weld penetration was possible by
spraying a squeaky layer of flux on the surface. The
characteristics of activated fluxes are to break into the weld
pool in an inward direction. Deviation in arc construction
and geometry of the weld pool enhanced e weld penetration
in A-TIG welding. Different researchers reported the effect
of various oxides and halide fluxes in A-TIG welding. For
constant welding parameters, the behavior of fluxes was
observed to be different. Halides have a great electron
affinity and so influence e arc constriction only where as
oxides control the marangoni convection and arc
constriction thus ensuring maximum penetration. Kumar and
Singh invegtigated the effect of flux oxides such as Cr2Os,
Fe;0Os, MoO;, SO, FeO and AlxOson SS 304. Except
Al;Os, all other flux oxides exhibited good penetration
capability. Many researchers reported that the highest D/W
ratio was achieved with SIO, flux with different grades of
sted [66-67]. Muthukumaran et al., patented the penetration
by increasing activated flux formulation for A-TIG welding
of SS 304 LN and 316 LN. The work was tested with 30—
50%Ti0,, 25-40% SOy, 10-20% Cr0s, 5-15% CuO and
5-15% NiO. Sodium dglicate was used as a binder and
acetone as solvent. In the A-TIG welding ratio, a mixture of
two or more different powders of activating flux was
important to achieve good penetration depth. The effect of
grain size of SO, on penetration depth in SS 304 was
studied by Lu et al., Smal grains of SO, between 0.8
microns and 4 microns were investigated and showed a
positive effect on weld depth. On the other hand, large grain
size (25 microns) had no effect on weld depth. It was
observed that smaller flux particles had a larger specific
surface area than bigger particles. Tanaka et d., applied
TiO, flux on SS 304 plate and it was originate that
penetration depth amplified severely with the coating
density of TiO; flux of up to 1 mg/cm and that it remained
after that. Some researchers studied the effect of the coating
density of flux in SS316 L. It was reported that high coating
density reduced penetration due to the high energy needed to
dis- solve the highly coated flux layer. Ahmadi and Ebrahim
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studied the effect of coating density on D/W ratio on the
same material (316 L) with different fluxes. Maximum
weld penetration was achieved when coating densities were
24 and 3.6 mg/cm with Cr,Os, SO, and TiO, fluxes,
respectively. In CaO flux, when flux density increased weld
penetration also increased. Rodrigues and Loureiro reported
the degradation in weld bead geometry with increased flux
coating thickness as it is difficult to vaporize all flux during
welding.

Thus, al fluxes act on arc constriction and surface tenson
distinctly. As mentioned earlier, this can be correlated with
melting and boiling temperatures, grain size, densty,
composition, thermal stability and eectro negativity of
fluxes. However, the appropriate correlation between these
properties and weld bead geometry is not well identified
[68-70].

4.8 Fluxesfor A-T1G welding

Fluxes also provide contamination protection for the
weldment. Fluxes such as halide, oxide, fluoride, and
chloride are employed as well. Basic oxide fluxes produce
hydrogen embrittlement as a result of moisture absorption.
Main oxide based fluxes such as SiO,, TiO,, and V205 are
mixed with acetone to produce a page like consistency,
which is then applied to the weldable surface before
welding. With just a few passes, fluxes enhance penetration
depth.

4.9 A-T1G wedding Applications
Aerospace (Hydraulic cylinders),
Nuclear (Pipes and tubes), aswell asthe
Power and chemical sectors etc.

V. RESULTSAND DISCUSSIONS

A-TI1G welding of various materials

This literature review [96] discusses a variety of oxide
fluxes used as flux materia in A-TIG welding of various
materias.

5.1 Austenitic stainless Steel

The effect of oxide fluxes on TIG welding of 304L
Austenitic stainless steel was investigated by Leconte et al.
Molybdenum oxide (MoOs) and vanadium oxide (V20s)
were discovered to have the strongest activation effects
among the fluxes tested. Due to the toxicity of vanadium
oxide, titanium oxide (TiOz) was chosen as a commercial
flux. The rate of hygrometry increased the activation effect
of flows aswell.

The use of 304L augenitic stainless stedl as the basis metal
in A-TIG welding was examined by Shyu et a. The fluxes
used in this study were Al>Os, Cr20s, TiO,, SIO,, and CaO.
When SO, was utilized as the flux material, the maximum
depth of penetration (DOP) was discovered. The A-TIG
weld form was narrow and deep when compared to
traditiona TIG weding. Mechanical properties such as
strength, ductility, and hardness were improved via A-TIG
welding.
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As the weld depth to bead width ratio increased, the angular
distortion of the weldment was reduced [12].

E.Ahmadi et a. investigated A-TIG weldments made of
304L stainless steel as the base metal and TiO. and SIO; as
flux materials. A-TIG welding increased penetration depth
and depth-to-width ratio, according to the data.

Her-Yueh Huang investigated the fabrication of an A-TIG
weldment using austenitic stainless steel as the base metal.
A mixture of MnO, and ZnO particles was used as a flux
material. After increasing the nitrogen percentage in the
argon-based shidding gas, various tests were performed.
The weld's strength and hardness, as well as penetration
depth and cross-sectional area, increased as the nitrogen
level increased. The weldment's angular distortion was
reduced while the delta-ferrite content was retained.

A-TIG weldments created with Cr.0s, FeO, Fe:Os, M0Os,
SO, and Al>Os as the base metal and flux eements such
Cr,0s, FeO, Fe0s, M0oO;, SO, and Al;Os. All oxide
fluxes, with the exception of Al,Os, resulted in greater
penetration depth. When SO, was used as a flux, the
maximum penetration was attained by Hemant Kumar et al.
[59].

Kuang-Hung Tseng examined austenitic 316L stainless stedl
A-TIG weldments. The optima welding current and coating
density for extreme penetration, according to the data, were
125 to 225 A and 0.92 to 1.86 mg/cm2, respectively. High
welding current intensities reduced ferrite in the weld metal,
according to the findings.

E. Ahmadi et d. studied 316L austenitic stainless steel and
fluxes of CaO, Cr,0s;, TiO,, and SiO.. The highest coating
density ensured a high depth to width ratio when CaO was
used asaflux

Kuang-Hung Tseng et al., investigated with 316L stainless
steels as the base metal and flux materials such as MnOy,
Ti02, MOOs, gOZ, and A|203, S|Oz lead to deeper
penetration. . Reduced angular distortion in the weld helped
increase penetration depth Kuang-Hung Tseng et al.
investigated from 316L stainless steel with SiO,, Al,Os flux.
When a nanoparticle oxide was utilized as a flux, SO,
created fine grain structure and minima dag [42, 60, and
62].

Tsann-ShyiChern et a looked into A-TIG weldments using
base metal has duplex dainless steel. Activated flux
including SiO,, Cr05 and MoO; enhanced the depth of
penetration and mechanical strength of the weld joint. When
SiO; flux was applied, full penetration depth was achieved.
Li Qing-ming et al. looked into A-TIG wedments with
stainless steel as the base metal. SO, and TiO, were used as
activating fluxes. The results revealed that using SIO; as
flux increased arc voltage while using TiO; as flux had no
effect [66].

Surinder Tathgir and colleagues |ooked at A-TIG weldments
constructed of various steels. According to the findings,
TiO; increased penetration depth. 37.8%, 44.3 percent, 47
percent, and 124 percent were the largest percentage
increases respectively [68].

Cheng-Hsien Kuo and colleagues investigated the effects of
oxide fluxes such as CaO, Fe;Os, Cr.0;, and SIO, on A-TIG
weldments made of G3131 mild sted and SUS 316L
stainless steel. According to the data, SiO, powder improved
joint penetration the most. When SiO, was used as a flux
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during welding, the weld depth-to-width ratio increased and
the angular distortion of the weldment decreased [69].

K. Devendranath Ramkumar et al. investigated with and
without fluxes using AlSI 430 ferritic stainless steel as the
base metal. As flux materials, SO, and Fe;O3 were used.
The depths of SO, and Fe;Os penetration were increased.
TIG welding with SiO; flux resulted in a weld with higher
joint strength than the source metal [70].

G.Venkatesan et al. studied AlSI 409 ferritic stainless stedl
A-TIG weldments. Huxes like SOy, TiO,, and Cr,0z were
used in the experiment. The study's purpose was to increase
penetration depth. The addition of flux to the mix enhanced
penetration depth, according to the findings. The main
impact on DOP was SO, flux, which ensured full
penetration depth [71].

Sambhe Rao invegtigated the effects of oxide fluxes such as
SO, Al;Os, Fex0s, and TiO, on with AISI 316L Austenitic
stainless sted. When TiO, was utilized as flux, it resulted in
a 300 percent increase in penetration depth. When Fe;Os
was combined with TiO., weld depth increased. . When
Fe;Os; was combined with TiO,, the oxygen level in the
weld zone resulting in reversa of marangoni convection
[73].

Gagandeep Singh Dhindsa et a. [22] investigated Gr-70
Carbon deel with SO, and TiO; as the flux. When
comparing SIO, to TiO,, it was discovered that SO, had a
considerable effect on penetration depth. Welding current of
180 amps and gas flow rate of 11 lit/min were the best
process conditions. 5.10 mm was the maximum penetration
depth achieved [74].

Perumal et d. investigated with fluxes of SO, MnO,, Cal,
and TiO, and AlS| 304 stainless steel. CaF fluxesincreased
penetration depth while TiO; fluxes decreased bead width in
penetration [75].

Stainless steel with SO, and TiO, were used as activating
fluxes, according to Nithin Surendran et al. Different
reactions for penetration depth were attained by varying
weld current and different of flux. When SO, flux was
utilized and the weld current was 250 Amp, depth of
penetration was 7.1 mm, and when TiO, was used and the
welding current was 230 Amp, depth of penetration was 3.3
mm. As aresult, the sudy discovered that for stainless steel,
SiO; flux enhanced weld penetration more than TiO; flux.

In a study conducted by Chaudhary Bhavik et al., the D/W
ratio and strength were both enhanced. The SS316 sted with
SiO; and Cr:0; as the activated flux. The responses to
penetration depth and hardness were as expected. According
to testing, SiO. outperformed Cr,Os in terms of penetration
depth and hardness.

Kuang-Hung Tseng et al., [69] studied A-TIG weldments
made from 316 L dainless sted and TiO,, SO, mixed
powder as the flux. According to the findings, the presence
of SO, — TiO; enhanced the amount of ferrite in the
weldment. It was determined that a flux with an 80% SO,
and 20% TiO, composition enhanced DOP.

Vidyarthy et a. studied A-TIG weldments with 316L
stainless steel (SS) with P91 steel.
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A multi-component combination of 35 percent TiO,, 40
percent SIO,, 15 percent NiO, and ten percent Cook was
used in the experiment. The side weld interfacial corrosion
resistance of 316L Sainless steel was found to be the best
[79].

5.2Mild Sted

Manoj Kumar et al. examined the mild stedl. TiOz, Cr0s
was the oxide based flux, and HB60, HB65 the filler rod.
Wear resistance and dilution % increased when TiO; was
utilized as activating flux. Titanium refined the
microstructure of the weldment, resulting in improved
hardness. When TiO, was used as activating flux,
penetration depth increased [80].

Sushil kumar Maurya et a. attempted to investigate the
effects of severa oxide fluxes such as SO, TiO,, and Al,O3
on mild steel A-TIG welding. To make a paste, al three
fluxes (SO, TiO,, and Al>Os) were combined in the same
proportion with acetone. Welding current, welding torch
travel speed, and gas flow rate were assigned as process
parameters. Hardness and penetration depth were the two
responses to be acquired. Weld bead hardness increases as
current was increased. Welding current of 180 amps, arc
travel speed of 2 mm/s, and gas flow rate of 8 lit/min were
found to be the best process parameters for increased
penetration depth. [81].

Vikesh et al. invedigated the formation of A-TIG
weldments utilizing mild stedl as the base metal. Welding
current (1) and torch speed (T) were the process parameters
used. SO, and TiO, were used as fluxes. When welding
current was raised, penetration depth increased. . Welding
current made up 40.09 percent of the improvement in
penetration depth. When it came to enhancing DOP, flux
(SIO2) had greater impact than TiO; flux [82].

5.3 Aluminum Alloy

A-TIG welding of Aluminum aloy 3003 was investigated
by HuangYong et a. The flux employed in the research was
AF305. Outcomes reveded that A-TIG weding with
alternative current resulted in deeper weld penetration than
A-TIG welding with direct current. Sag was distributed
independently on the weld pool during alternative current
and arc spots were confined [83].

E. Ahmadi et al. considered the Aluminum aloy 2219 with
A-TIG, TiO,, SO, and MoOs were utilized as activating
fluxes in this investigation. The SO, flux had the most
impact on the DOP, which lead to the greatest Depth to
width ratio (D/W) and weld penetration, according to the
findings. The addition of fluxes upgraded the mechanical
characteristics and the microstructure of the material [84].

H. Li et al. explored the welding of 2219 aluminium aloy
with Direct Current Electrode Negative (DCEN-A-TIG).
According to the findings, macro porosity was reduced
largely, while weld penetration improved. The weld joint
did not have any micro pores. Dendrites of various
morphologies were discovered in the A-TIG Weld Joint
[85].

5.3 Magnesium based Alloys

The effects of fluxes on the penetration, microstructures,
and mechanical properties of AZ31 magnesium dloy joints
welded by Tungsten Inert gas welding were investigated by
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S.Z Li et a. According to the findings, increasing the
amount of TiO, coating (70 percent) increased the TIG
welded AZ31 magnesium alloy's weld penetration and
Depth to Width (D/W) ratio. Compared to a TIG welded
joint without flux, the multi component activated flux of
30% CaF,+70% TiO, resulted in a significant increase in
D/W ratio capability of up to 118 percent. Welding flawsin
the fusion zone were minimized by the presence of the TiO;
coating, resulting in increased ultimate tensile strength of
the welded joints [86].

Jun Shen et al. investigated an AZ31 magnesium alloy
welded with TiO; as flux using A-TI1G welding. The impact
of SIC particles on the welded junctions mechanical
characteristics, microstructure, and morphology was
investigated. Based on the findings, it was discovered that
increasing the extent of TiO, coating increased weld
penetration and (D/W) ratio. In addition, inclusion of SIC
particles increased the micro hardness in the weld zone and
the ultimate tensile strength of the joint [87].

Microstructural properties of wrought magnesium AZ31B
aloy welded by inert gas A-TIG was studied by Z.D. Zhang
et a. Weld penetration of the weld joint prepared using
CdCl; as activating flux was determined to be higher than
that of the weld joint prepared without flux, according to the
results. Tensile grength, hardness and heat affected zone
(HAZ) were reduced when TIG weld joints were prepared
without flux [88].

Wrought magnesium AZ31B alloy welded by A-TIG was
researched by L.M. Liu et a. Flux-coated (FC) wires were
more successful in improving weld penetration, according to
the findings. In the FC weld process, a multi component flux
containing 40% MnC; and 60% ZnO achieved deeper
penetration and revea ed better surface appearance. The arc
congtriction effect caused weld penetration in the FC wire
weld [89].

Xiong Xie et a. studied the AZ31 magnesium alloy welded
by nano-particles strengthening activating flux tungsten
inert gas (NSA-TIG) welding. Before welding to test the
activated flux a mixture of TiO, and Nano-SIC particles
were applied on the samples. Microhardness in the Heat
Affected Zone (HAZ) was reduced as the surface coating
density of the flux increased, according to the findings.
Ultimate Tensile Strength increased initially as the surface
coating’s density increased, however then swiftly declined
due to large accumulations of Nano-SiC particles [90].

5.4 Nickel based superalloys

Sivakumar et al. investigated Inconel 625 alloy welding with
A-TIG. A-TIG weld joints exhibited less distortion than
those of the TIG wed joints, according to the findings.
Tensile strength of the A-TIG weld joint was greater. Hot
corrosion resistance of both the A-TIG and TIG weld joints
was exceptiona [91].

Sivakumar et a. investigated Inconel 625 weld joints
welded using the Activated Tungsten inert gas (A-TIG). The
TIG weld junction had a finer grain structure than the A-
TIG weld joint, according to the findings.
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Toughness and tensile strength of TIG weld joints was
higher than those of A-TIG weld joints. There were no flaws
found on either weld joint [92-94] Sivakumar et al.
investigated the optimization of Inconel 625 alloy with A-
TIG. The entire penetration was attained when the weld
current was set at 300 Amps, according to the results. Dueto
the use of flux, creation of laves phase was considerably
reduced. Maximum depth to width ratio (D/W) was 0.421
[95].

5.5 P22 Steel

The microstructure and mechanical properties of P22 steel
plates welded using the A-TIG welding technique were
investigated by B.Arivazhagan and colleagues. Post-weld
heat treatment (PWHT) impact toughness was aso
investigated. The welded junction was devoid of cracks, and
there were no proeutectiod ferrite in the weld metal,
according to the findings. Post Weld Heat Trestment was
unnecessary because the P22 sed A-TIG weld joint
demonstrated high hardness and good impact toughness
valuesin their as-welded state [97]. Optimization of A-TIG
welding of P22 steel was investigated by A.R. Pavan et al.
The optimization technique employed was Response
Surface Methodology (RSM). Weld current was the most
influential parameter influencing output responses based on
the findings. The best process parameters were current
between 235 and 270 A, arc gap between 2.2 and 2.9 mm,
and welding speed between 60 and 75 mm/min [98]. Anup
Kulkarni et a. investigated the welding of P91 and P22 steel
with Activated Tungsten inert gas (A-TIG). SIO,, TiOg,
Cr203, M0O3, and CuO were the fluxes employed in this
investigation. Carbon enriched or depleted zones were not
identified after welding, according to the results. Due to a
lower carbon activity gradient across the P22 sted-weld
zone interface, the A-TIG welding method dowed the
formation of both hard and soft zones [99] Tungsten inert
gas (TIG), Activated-TIG (A-TIG), and multipass-TIG (MP-
TIG) welding of P22 steel were investigated by A.R. Pavan
et d. The influence of welding techniques on temperature
distribution, resdual stress, and distortion in the weld joints
was simulated using a 3D mesh model based on finite
element anadysis. SYSWELD software was used to perform
the thermo mechanical analysis. According to the findings,
MP-TIG welded joints had higher residual stress and
deformation than the A-TIG welded joints. The
microstructure of the MP-TIG welded joint was
inhomogeneous. As a result of this research, it was
determined that Activated-TIG (A-TIG) welding was more
effective than that of multipass-TIG (MP-TIG) welding for
P22 steel [100].

5.6 P91 Steel

V. Arunkumar et al. invedtigated 9Cr-1Mo steel welding by
A-TIG (P91). The effect of flux on weld penetration was
investigated. The use of active flux resulted in a
considerable increase in weld penetration, according to the
findings. The strength qudities of the weldment produced
by the A-TIG welding was higher than that of the TIG
welding process. V. Maduramuthu et a. sudied the 9Cr-
1Mo stedl (P91) and the optimization. The A-TIG weld joint
had greater peak hardness value, yield strength, and ultimate
tensile strength than the TIG welded joint, according to the

Retrieval Number: 100.1/ijrte.E67700110522
DOI: 10.35940/ijrte.E6770.0110522
Journal Website: www.ijrte.org

101 © Copyright: All rightsreserved.

results. Due to the presence of -ferrite, A-T1G welded joints
showed reduced toughness vaue than that of the TIG
welded joints. The TIG weld joint showed tensile resdual
stresses, while the A-TIG weld joint reveaded compressive
residual stresses. M. Vasudevan et a. investigated the
optimization of A-TIG welding of modified 9Cr-1Mo steel
(P91). | Input parameters were current, voltage, and torch
speed, and the responses depth of penetration, weld bead
width, and HAZ width. Genetic Algorithm (GA) was the
optimization technique used. The goa and actua weld bead
shape and HAZ width derived utilizing multi objective GA
optimised process parameters were found to agree well.
A-TIG weding of P91 deel was explored by B.
Arivazhagan et al. According to the findings, the hardness of
A-TIG wdd joints was higher than that of standard TIG
weld joints due to a higher carbon concentration. As aresult,
toughness of A-TIG welds after post weld heat treatment
was lower than that of sandard TIG welds in the A-TIG
procedure. Due to improved tempering effects generated by
multi-pass deposition, the TIG weld had higher toughness
[101].

5.7 RAFM - Reduced Activation Ferritic / Martensitic
Steel

A-TIG weldment made with ferritic/martensitic (RAFM)
sted asthe base metal and Al>Os, CuO, HgO, Co304, M0Os,
and NiO as flux were studied by Jay J. Voraet d. According
to the findings, the presence of flux resulted in higher weld
depth. The greatest depth to width ratio of 0.95 was attained
with CosOs flux, subsequent in full penetration depth [92].

5.8 LAFM - Low Activation Ferritic/ Martensitic Sted

P. Vasanthargja et al. investigated A-TIG process fabricated
with a base metal of low activation ferritic/martendtic
(LAFM). To execute the A-TIG welding, a particular oxide
based flux was developed. The A-TIG weded joint
outperformed the base metal, according to the findings.
However, when compared to the candidate metal, the
mechanical qualities of the A-TIG welded joint were
marginally lower [93].

5.9 Critical investigations

A systematic investigation was conducted using existing
literature to understand the mechanisms and capability of A-
TIG weld metal. Surface active elements (flux), which
changed fluid motion and heat flow in the weld pool, had a
significant impact on the geometry of the weld pool.
Reversal of marangoni convection and arc constriction were
the mechanisms that coexisted to increase penetration in A-
TIG welding. The study discussed the consequence of
welding variables on weld penetration and bead width. An
increase in weld current and voltage affected penetration
significantly in A-TIG welding. However, diminution in
penetration was reported with a higher welding speed and
arc length. The effects of electrode geometry revealed that a
larger diameter electrode as being more suitable for A-TIG
welding to reduce electrode consumption. Integration of
various shielding gases with activated flux influenced e
weld bead geometry thereby increasing
penetration.
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Literature suggests that the highest D/W ratio was achieved
with SO, flux for different grades of sted. However, the
behavior of such activating flux on penetration was not very
clear. These weld parameters congtitute an input vector
responsible for the quality of the weld which needs to be
optimized.

Existing literature surveys were used to investigate the
effects of A-TIG welding on the microstructure and
mechanical properties of stainless stedl. Delta ferrite content
increased in weld metal after A-TIG welding of austenitic
stainless steel. This increased tensile strength, ductility, and
reduced weld meta's susceptibility to hot cracking.
However, due to the higher peak temperature of the A-TIG
weldment, a significant improvement in micro hardness was
reported compared to the TIG weld. After TIG welding of
ferritic stainless steel, improvement in tensile strength,
hardness, ductility and creep rupture time were reported due
to variations in the martensitic cluster in the weld metal. In
duplex stainless steel weld improvement in tensile strength
was observed due to less ferrite content after A-TIG weld.
However, lower toughness was observed with austenitic and
ferritic stainless steel due to the incluson of oxides and
deltaferrite variations.

The modified and developed TIG welding processes for
stainless deel include hot wire TIG, TIG with
electromagnetic stirring, molten wire TIG (MWTIG), and
double shielded TIG and identical electrode TIG welding
process. The shortcomings of A-TIG weld include
degradation in surface appearance due to trapped oxide
particles and masking of the weld line by activated flux. To
overwhelm this congtraint a new variant FB-TIG welding
was used. However, several parameters such as flux gap,
coating densty and mechanisms require further
understanding for different grades of stainless steel. Another
innovative variant is FZ-TIG welding, which can improve
weld properties and the surface finish of stainless steel adloy.
However, the study is limited to aluminum aloys aone.

5.10 Futur e per spectives

From the systematic investigation of existing literature,
several points are acknowledged and inferred which will
address forth- coming research in A-T1G welding.

VI. CONCLUSIONS

The study can be summarized and concluded as follows:

Research studies concluded that the outcome of reversed
marangoni and arc congriction mechanisms are responsible
for enhanced penetration in the A-TIG welding process.
Activated flux having more eectro negativity consgtructs a
more congtricted arc column. The concentration of
surfactants play a vitd role in varying weld-pool surface-
tension gradient and thereby penetration. Fluxes used during
the A-TIG welding are mainly oxides and halides. Fluxes
with different chemical compostions respond differently to
weld penetration. Small particles of fluxes show a positive
effect on penetration than larger particles. The ratio of a
mixture of two or more different powders of activating flux
and the coating density of flux aso play an important rolein
weld penetration. The right combination of multi-
component activated fluxes can be analyzed on various
grades of stainless stedl to discover the quality of the weld
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bead. An increase in welding current promotes weld
penetration but an increase in welding torch travel and arc
length end result in a reduction of penetration depth, width
and D/W ratio for both high and low sulfur steels. The
cross-sectional area a the weldment and electron
temperature reach a maximum value at an electron tip angle
of 45°. A larger diameter of eectrode is more suitable due to
high electrode consumption rate in A-TIG welding. The
addition of Hy, He, O, and N> in shielding gas (pure argon)
increases heat input to some extent and improves
penetration depth. In various materials, A-TIG welding
demonstrated higher peak hardness and tensile strength in
the weld fusion zone than TIG welding. TIG welding had
higher impact toughness than A-TIG welding due to auto-
tempering effects caused by multi-pass deposition. To
achieve toughness in A-TIG welding and to recover the
negative effect of residua stress, post-weld heat treatment
(PWHT) was required. A-TIG effectively increased
penetration to a great extent but the entrapped oxide flux
formed a high amount of dug on the weld surface thereby
degrading weld appearance. This drawback was eliminated
by FB-TIG welding by adopting the advantages of A-TIG
welding to some extent.
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