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ABSTRACT: In the present study, an attempt was made to examine the involvement of similar
and dissimilar aluminum alloys when used with the A-GTAW process, to understand the relevant
mechanisms behind the activity of flux , to understand the participation of similar and different
aluminum alloys on A-GTA welding parameters and weld mechanical properties.A-GTAW for
joining similar aluminum alloys gives lower mechanical properties i.e. tensile strength. The
assembly of dissimilar aluminum alloys overcomes the disadvantage of GTA welding, which
increases the mechanical properties, i.e. the tensile strength.The use of Activated GTAW assist
process is one of the most important advances in overcoming the shortcomings of GTA welding,
helping to increase the penetration depth and depth to width ratio of the weld pool, thereby

increasing productivity. of welding and also helps to achieve better mechanical properties.

Keywords:A-GTAW,Similar and Dissimilar Aluminium Alloys, depth of penetration,depth to
width ratio,mechanical properties

1.Introduction

A-GTAW or A-TIG could be akind of welding with a lean layer of fine flux secured on the
surface of the base material. Earlier towelding, flux blended with acetone is spread on the surface
of the workpiece to be welded [1,5]. The A-TIG welding eliminates filler wire expansion,

decreases edge planning time and improves the entering control within the weld pool[2].The
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utilization of fluxes in GTA welding was, to begin with, proposed by Paton Electric Welding
Established bythe National Foundation of Sciences, Ukraine in the mid-1960s[3,5].

In Activated Tungsten Inert Gas welding, even though the profundity of the entrance can be
expanded, there was one issue that influenced the general productivity i.e., the tungsten electrode
utilized to urge oxidized at that time only. So, to abstain it to happen, another strategy was
evolved i.e., the progressed ATIG strategy in which two shielding gas was utilized. On the
inward side, the immaculate idle gas is utilized while on the external side as protecting one,
oxide or carbon dioxide is blended with idle gas to secure the tungsten electrode from
oxidization[4,6].Application of ATIG welding in various sectors like Pipes and tubes in the
nuclear industry, Fabrication of pressure vessels and tube to tube sheets in heat exchangers,
Power and chemical industries and Hydraulic cylinders and undercarriage legs in the aerospace
industry[28].

Aluminum (AA) Alloy is the third most plenteous component of the earth’s exterior and most
broadly available basic component. The aluminum combinations have a tall particular quality,
erosion resistance, low thickness, and elevated conductivity and at the peak of it, they can
effortlessly be handled[4, 7].1t is one of the lightest metals on earth: it is about 3 times lighter
than ferrous but in expansion, it is very effective, especially adaptable and rust safe since its
surface is continually secured in an awfully lean and exceptionally effective layer of chromium
film. It does not polarize; it has a great power conductor and makes alloys with almost all the
other metals[4].The combination of tall quality to weight proportion, great weldability, erosion
resistance, powerless anisotropic and high reusing potential. Aluminum and its alloys (AA) offer
the more prominent potential for lightweight in the car, shipbuilding, and aviation
businesses[4,7,8,9]. The most disadvantages of AAs are their less tolerance to tall temperatures
and less wear resistance. In arrange to overcome these issues; analysts have been fortifying AAs

with ceramic particles[9].

Analysts designed the A-TIG Welding in 60 s. as mentioned by the analysts, applying a layer of
enacting flux on the surface sometimes recently welding, increases penetration[12].Freshly, an
unused sort of welding handle called A-TIG welding pulls in tall consideration all over the
world, which applies surface actuating fluxes to move forward weld infiltration significantly by
bend root constricting or changing of liquid stream in welding pool[10].The properties of the
flux utilized on the weld line and either side of the weld line are diverse. Such flux utilized on
either side of the weld line ought to comprise a tall melting point, tall boiling point, and tall
current resistivity. In differentiation; the flux utilized in the middle, along the weld line ought to

have properties like short dissolving temperature, short boiling temperature, and short current

Volume 24, Issue 7, July - 2022 10



Journal of University of Shanghai for Science and Technology ISSN: 1007-6735
resistivity[11].Within the compelled arc narrowing explore, flux AF305 chokes bend less weakly
thanSiO,, though flux AF305 better perforation weld entrance more powerful than SiO,.It is
accepted that the conventional arc tightening which is called the bend root entirely tightening,
has not been the most instrument[13].

Their ease of expulsion makes aluminium combinations a flexible basic fabric permitting the
generation of complex cross-sectional shapes, reasonable for structures that cannot be created
from more customary auxiliary materials, such as concrete or steel. Their noticeable erosion
resistance makes them well-suited for applications in marine situations without surface assurance
and with low maintenance costs. Their incredible solidness permits structures that can keep up
their inherent properties indeed in huge temperature varieties[14].Elevated current in GTA
welding can lead to splutter and the workpiece was gotten to be harmful.Once lower current
setting in GTA welding leads to staying of the filler wire. In some cases, the bigger warm
influenced zone can be found for lower welding current, as tall temperatures ought to be
connected for longer periods to deposit the same sum of filling materials[15].

Most of the substance move happens through the withdrawing side and the transport of substance
existence shapes the welded joint. Process parameters,such as Welding speed, Gas flow rate,
Welding current acting on the working substance throughout the welding and the warm input
throughout the method,are found to apply noteworthy impacts on the substance and the
temperature dissemination by suggesting these components unavoidably impact the miniaturized
scale auxiliary advancement and mechanical properties of the materials being joined[16-
19].Yashwant Thakur, Khushmeet Kumar, and KrishanKumar[20] studied Distinctive
combinations of welding parameters that havebeen tried on a 3 mm thick plate of aluminium
amalgam. Top current, base current, beat recurrence and beat ON time have been taken as

variable parameters.

From the outcome, it has been found that the current and recurrence have been straight
influencing the malleable properties of the welding joint. When the crest current and beat
recurrence is expanded, the tensile power is generally expanded.In any case, it is additionally
seen that the base current is incidentally influencing the tensile properties of the welds. An
increment in base current has a converse impact on the tensile quality of the joint. Hence, in this
work, the impact of throbbing current on tensile conduct of weldment has been
examined[20].Sameer S Kulkarni, SuneelRamachandra Joshi Dr jagadheesh P Ganjigatti[21]was
worked on the parameters considered for examination are tensile strength, hardness and impact
test. The tensile quality gets diminished about parent metal. Hardness is get expanded at weld

metal. From impact load, it was found that retention of energy is less from Charpy& 1zod test
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In this review, the consequences of welding parameters, distinct fluxes, mechanical properties

and its characterization for similar and dissimilar Al alloy using the A-TIG welding process have
been discussed. In addition, the perspectives and trends of similar Al alloy, dissimilar Al alloy,
welding parameters, mechanical properties and microstructural characterization have been
analyzed. Furthermore, critical discussion and relationshipamongstmechanical properties and

microstructure of similar and dissimilar Al alloy have analyzed and reported the effective one.
2.Methodology

In this operation a lean layer of activating flux is shielded on the weld surface of the joint, a brief
clarification and arrangement strategies of actuating flux is appeared in Fig.1(a). A comparison
of the piercing of TIG and ATIG has appeared in Fig.1(b) in this the left side of the figure shows
conventional TIG welding though the correct side appears in an ATIG form. The photos of the
cross-section of the welds appear that profound infiltration is accomplished within the ATIG
compared to TIG [5].Fig. 1 appearsthe arrangement strategies of A-TIG  welding,
which incorporate oxide crushing, oxide sieving, oxide/solvent weighing, oxide/solvent mixing,
oxide/solvent mixing, flux coating and TIG welding. In A-TIG welding, the oxide
was blended with methanol and blended with a glass pole until the blend accomplished a paint-
like consistency [5,22].Acetone was utilized to remove dirt, rust and any other outside matter,

etc. from the joint area before welding to guarantee cleanliness on the surfaces to be joined[25].
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Fig.1. (a) Preparation procedures of activated flux (A-TIG) welding [5,22]; (b) Schematic of
(Left Side) TIG and (Right Side) ATIG Welding [5,22]

The shown in fig.1.The flux is mixed with a binder (sodium silicate) and a dissolvable (acetone
or methanol). These tie the flux blend on the metal surface within the shape of the coated layer.
Flux playsa vital part to enhance the infiltration with the assistance of the convection stream of
fluid metal. The weld pool is administered by different sorts of strengths specifically Buoyancy
drive, Marangoni convection (surface pressure) and Lorentz constrain (electro-

magnetic)[23,24,25]. Sometime recently welding, a lean layer of the flux, was brushed onto the
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surface of the joint to be welded. The coating thickness of the flux ought to be almost 5-6
mg/cm?[26].The ATIG procedure help to increment the weld entrance in thick material such as
plates or channels by a single pass without any edge preparation or utilization of filler metal. The
weld entrance in ATIG preparation moves forward twice or thrice to that of the conventional
TIG welding operation. The microstructure, shape and mechanical properties of the weld are

moreover moved forward when welded by this operation[5,27].
3.Similar and dissimilar Aluminium Alloys

Kumbhar and Bhanumurthy[37]did a comparative consideration on friction stirwelding of similar
to dissimilar aluminium combinations, i.e., AA5052 to AA6061,and AA6061 to AAG061.
The comparable and dissimilar
jointswere created at different combinationsof apparatus revolution speedsand device traverse

speeds. The microstructural investigation uncovered that therewas no thorough blending within
the chunk region for both materials. The tensile properties of dissimilar materials (AA5052-
AA6061) were much better compared to the properties of similar materials (AA6061-
AA6061).Welding dissimilar aluminium alloys that

aremechanically distant separated has pickedup much consideration and intrigued from analysts.

This incorporates the investigation of friction stir welding of different AA2017A-T451 and
AAT075-T651 plates at a distinctive device revolution speed. The comes about uncovered that
the most excellent ductile properties were achieved when AA2017A-T451 was on the
withdrawing side. It was too built up that the material that's located on the retreating side rules
the weld middle, and this is often steady with the comes about detailed by other researchers
[40,41].

Different viewpoints have been examined through the utilization of different materials. This
involves the examination of the strain hardening conduct on the friction stir welded divergent
amalgams, which are mechanically distant separated from each other, i.e., 2024-T351 and 5083-
H112, 2024-T351 and 7075-T65[41].

This examination was performed on two sorts of joints, i.e., 2024-T351 and 5083-H112, with
2024-T351 on the progressing side and 5083-H112 on the withdrawing side. The moment joint
was 2024-T351 and 7075-T651, with 2024-T351 on the withdrawing side and 7075-T651 on the
progressing side. It was found that the strain-hardening rate of the AA7075/AA2024 joint was
higher than that of the parent material, whereas the strain-hardening rate of the AA2024/AA5083
joint lay between those of the parent material. It was also found that the tensile properties of both

joints were lower than those of the parent material. Xia-Wei et al.[42].
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Table 1Comparison Properties of Similar and Dissimilar Al Alloys TIG Welded Joints [29-33,

35, 36]
Similar and disimilar Al Tensile Yield Stress(Mpa)  Elongation(%o)
Alloys Strength(Mpa)
AA5083 129 98 13.5
AA7050 302 178 6
AA1100-H12 110 105 12
AA5083 and AA6061 213 176 12
AA5754-H111 190 >80 16
AA2024 -T3 and AA7075- 560 485 12
T6
AA1050 and AA5083 325 104.89 13
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Fig. 2 Comparison of tensile strength (a) similar AA and (b) dissimilar AA
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Fig. 4 Comparison of elongation (a) similar AA and (b) dissimilar AA

4.Welding Parameters & Mechanical Properties

Cavaliere&Panella, [47] conducted a consideration on the impact of instrument position on the
weakness properties of dissimilar 4mm thick 2024-7075 AA sheets joined by FSW. The welding
parameters utilized were the rotational speed of 1600rpm and navigate speed of 120mm/min.
AA2024 was arranged on the progressing side of the device and AA7075 was arranged on the
withdrawing side. The tests conducted were residual stresses, Vickers hardness, tensile,
microstructural investigation and fatigue tests. The most elevated measured hardness esteem
(190HV) was found within the piece zone of the fabric with the device 1mm distant from the
weld line, 150HV on the HAZ locale with the apparatus at 1.5mm from the weld line. The most
extreme ductile properties of the 2024-7075 AA joint gotten were the UTS of 460MPa, yield
quality of 395MPa and prolongation of 4.5%.
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Table 2Comparison Welding Parameters of Similar and Dissimilar Al Alloys TIG Welded
Joints [43, 44, 45]

Similar and )
o Rotational ) )
disimilar q Current Welding speed Tensile strength
spee
aluminium P (Amps) (mm/min) (Mpa)
(rpm)
Alloys
AAB8006 900 170 140 109.42
AA5086 & 1000 170 150 192
AA6061
AA5083 1000 240 98 129
AA5083 & 1575 180 40 134.9
AA6061

The normal hardness values of the Al 7075 FZ locale for both tests were around comparable
which 82.3 HV and 80.9 HV for exploring with filler ER5356 and ER4043, individually. The
normal hardness esteem at HAZ position was the most noteworthy for both welded tests with
120.5 HV and 112.7 HV for ER5356 and ER4043, separately. It appeared that hardness esteem
at HAZ was higher than the other locale with hardness esteem extended at 112.7-120.5 HV since
the microstructure at HAZ was diverse due to the warm from the welding prepare that changes
the microstructure of BM[48].

Al 7075. Welded example 7 from both explore utilizing filler ER4043 and ER5356 recorded the
most noteworthy UTS with 359 and 255 Mpa, separately. Other than that, the grain measure at
HAZ was too little than the grain estimate at BM for both tests[48].

5. Microstructural characterization

In common, the weld bead can be partitioned into four districts: fusion zone (FZ), partially
dissolved zone (PMZ), heat affected zone (HAZ) and base metal (BM). BM may be a part of the
examples whose microstructure isn't changed due to the warming impacts. The microstructure
comprises the coarse dendrite of essential (Al) and a eutectic blend of Al and Si, which shapes
between the dendrite arms dispersing. Figure 2 appears the micrographs of weld dot covering
from FZ to BM after being welded with distinctive fillers[49].
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-

Fig. 5 Micrographs of weld bead under pulse frequency of 3 Hz with filler ER1100 (a), ER4043
(b), ER4047 (c) and ER5356 (d)

The micrographic examination was carried out utilizing a scanning electrons microscope (SEM).
Examples for SEM examination were arranged to agree to the standard metallographic strategy.
Mechanical crushing was performed utilizing silicon carbide (SiC) rough papers of 400, 600,
800, and 1200 coarseness. 6 um jewel glue was utilized for a harsh cleaning. The ultimate step of
cleaning was carried out utilizing 1 pm of polycrystalline alumina (Al1203) on a woven cleaning
cushion. In arrange to uncover the grain boundary differentiate within the welded examples, an
etchant of sodium hydroxide (NaOH) arrangement was utilized. The examples were drenched in
NaOH arrangement warmed to 60—70 °C for almost 15 min some time recently plunged in 65%

of nitric corrosive (HNO3) arrangement[50].
5.2 Fracture Surface Analysis

The checking electron magnifying instrument (SEM) fractography has been taken from the
broken pliable test example of TIG and TIG + FSP welded joint of AA6061 and AA7075 at
room temperature as appeared in Fig. 4. The break morphology between the TIG and TIG + FSP
appears the clear distinction that the TIG-welded parcel appears the profound dimples, while TIG
+ FSP welded parcel appears shallow dimples with broken lines; typically the evidence of split
nucleation and development 4 mm absent from the weld line. The little grain particles were
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found within the TIG + FSP welded zone, whereas enormous grains were found in TIG welded

locale. Several little and huge silicon particles are watched in both broken examples. Since of
arrangement and ensuing development and coalescence of depth or voids, the pliable break of
welded joint happens; an improvement in ductility may be accomplished when the depth

nucleation may well be stifled [52].

Fig. 6 SEM images of tensile fractured specimen, (a) TIG welded joint, (b) TIG + FSP welded
joint (sample 4), (c) TIG + FSP welded joint (sample 9), (d) TIG + FSP welded joint (sample 18)

The impacts of FSP on TIG weldment were analyzed with the assistance of a computer-
controlled UTM machine at room temperature utilizing diverse preparing parameters. According
to the hall patch condition o1 = oi + kd(—1/2), where d is grain size, ol is yield stress, oi is

material constant, and the tensile stress is conversely relative to the grain measure[53].
6. Correlation between microstructure and mechanical properties

The microstructural comes about to connect with the tensile properties, thus the bendable break.
The grain refinement of the friction stir-processed welded joints agrees with the Hall-Petch
connection which predicts that the grain estimate diminishes with an increment within the UTS.
The microstructural littler grain size comes about in the next hardness level of the welded
locale[51]

three distinctive zones have been recognized in TIG + FSP weldment at low amplification due to

mechanical and thermal stresses caused by the handling parameters. These zones are piece zone
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(NZ), thermo-mechanically influenced zone (TMAZ), and heat-affected zone (HAZ) appear in

Fig. 3. The arrangement of chunk zone shape in TIG + FSP welded joint is recognized as the
most extreme deformation and plasticization within the fabric which appears the fine
recrystallized equiaxed grains. The arrangement of piece shapes depends on warm slope,

handling parameters and instruments geometry within the workpiece [52]
' "H;&z' 5

AA7075 N\

Fig. 7 Optical micrograph of the various zone for TIG + FSP welded joint of AA7075 and
AA6061

7. Conclusions

All the review trials are analyzed under precautionary measures to keep the error factors low and
optimize the reliability of results to produce an efficient weld joint with Similar and dissimilar
aluminium alloys. The consequences of welding parameters, distinct fluxes, mechanical
properties and its characterization for similar and dissimilar Al alloy using the A-TIG welding

process were discussed.From the investigation, the following conclusions are made.

¢ It was observed that ATIG is more effective in lowercurrents compared to the TIG.
Values for relative penetration of ATIG to TIG welds illustrated that with increasing heat

input, the flux activation effect decreases.

+« ATIGwelding achieves significant improvement in penetration compared to conventional
TIG. Flux used in the process probably makes arc narrow in the molten weld pool and
thus reduces the weld bead width by half compared to that ofconventional TIG welding

and thereby increases the weld penetration.

< Both AAA5083 and AA6061 have experienced dynamic crystallization. The grain size of
both alloys decreases significantly with the increase in welding speed.A significant
reduction in grain size is noticed in the fusion zone which consists of B phase Mg,Si

particles.

« Maximum tensile strength of 129 MPa is obtained ata welding current of 240 amps, gas
flow rate of 7 Lt/minand welding speed of 98 mm/min.
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In A-TIG welding, the weld penetration with AF305flux developed by our group
increases over three timescompared with that of the conventional TIG welding, itis much
deeper than that with SiO, flux.

The maximum tensile strength, percentage elongationand micro-hardness at the nugget
zone are 255 MPa, 29.2and 105 HV at tool rotation 1300 rpm, traverse speed45 mm/min
and tilt angle 1°, whereas maximum residualstress (12.2 MPa) was found at tool rotation

1000 rpm,traverse speed 60 mm/min and tilt angle 0°.

AA 5083 specimen Maximum tensile strength of 129 MPa is obtained ata welding current

of 240 amps, the gas flow rate of 7 Lt/minand a welding speed of 98 mm/min.

AA 5083 and AA 60612 specimens the trial runs suggest that acceptable weld is obtained
using peak current (175 A),base current (105A),welding speed (155mm/min) and wire
feed rate (3.93 cm/s) resulting in ultimate tensile strength of 213MPa.

The tensile test and fractography illustrate that the finer the dimples and load carried by
the welded specimen higher will be the yielding tensile properties.
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