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Abstract-The aim of the current study to investigate the effect of process parametersthat affect the microstructure of
aluminium alloy. As the current concerns for energy efficiency and fuel economy isincreasing in the transportation
industries. Theindustries are seeking forward to weight reduction of the automobile components. The fusion welding
of these alloys is difficult because cracks and defects are formed in the melting and solidification phases of fusion
welding. Friction stir welding is a solid-state welding which eliminate the defect formation during the aluminium
alloy welding. Friction stir welding (FSW) is a novel green manufacturing technique due to its energy efficiency and
environmental friendliness. This solid state joining process involves a rotating tool consisting of a shoulder and/or a
probe. The shoulder applies a downward pressure to the work piece surface, constrains the plasticised material
around the probe, generates heat through the friction and causes plastic deformation in a relatively thin layer under
the bottom surface of the shoulder. The rotating probe mainly drags along, plasticises, and mixes the adjacent
material in the stir zone, creating a joint without fusion.Aluminium alloys, such as the 2xxx, 5xxx, 6xxx and 7xxx
alloy series are the most commonly utilised materials in composite fabrication. Addition of various reinforcements
such as fly ash, TiC, SIC, Al203, TiO2, B4C etc. In recent years, Al based composite materials have gained
significance in aerospace, automotive and structural applications due to their enhanced mechanical properties and
good stability at high temperature. Thisreview paper is an attempt to describe the effect of process parameters that
affect the microstructure of aluminium alloy. In this paperdiscussedabout the axial force, rotational speed and
welding speed of FSW of aluminium alloy.
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l. INTRODUCTION

Friction stir welding (FSW) is an innovative welding process usually known as a solid state welding
process. This opens up whole new areas in welding technology. It is particularly appropriate for the welding of
high strength alloys which are extensively used in the aircraft industry. Mechanical fastening has long been
favoured to join aerospace structures because high strength aluminium aloys are difficult to join by
conventional fusion welding techniques. Its main characteristic is to join material without reaching the fusion
temperature. It enablesto weld almost all types of aluminium alloys, even the one classified as non-wieldable by
fusion welding due to thermal cracking and poor solidification microstructure in the fusion zone.Aluminium has
aninclusive range of applications; it is used from packing foil for the food industry to aerospace and
shipbuilding industries [1]. The main advantages of the aluminium and its alloys are high strength-to-weight
ratio and good corrosion resistance [2]. It is a non-ferrous material and is highly sensitive to the heat and
temperature. It is not possible to use al types of manufacturing processes for aluminium. Mostly the aluminium
aloys are hard through precipitation hardening [3] and hence the fusion welding cannot be applied to them
because the high heat generated during these processes causes loss of some of its properties and leaves it unable
to serve the intended functions. In 1991, a new technology in welding processes was invented by The Welding
Ingtitute (TWI) [4] and it was named as Friction Stir Welding (FSW). The basic concept of FSW is simple. A
rotating tool with a specially designed probe (pin) and shoulder is inserted into the abutting edges of the sheets
or plates to be joined and traversed along the joint line [3-5]as schematically shown in Figerl. The material is
softened by frictional heating, and the forging pressure from the shoulder reconsolidates the material behind the
tool. Friction stir processing (FSP) is a variant of FSW that involves traversing of the friction stir tool through
the material in the absence of ajoint inter face.
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The main roles of the FSW process toolsare to heat the work piece [5], induce material flow and constrain the
heated metal beneath the tool shoulder. Heating is created by the friction of the rotating tool shoulder and probe
with the work piece and by the undecorated plastic deformation of the metal in the work piece. The ordinary
heating softens the material around the probe. The tool rotation and trandation cause the movement of the
material from the front to the back of the probe. The tool shoulder also restricts the metal flow under the bottom
shoulder surface. Because of the various geometrical features of the tools, the material movement around the
probe can be extremely complex and significantly different from one tool to the other. In this study, some
critical issues related to the FSW process tools (shoulders and probes) are briefly mentioned. The important
parameters to be considered for achieving a good quality defect-free weld joint in FSW are tool rotational speed,
welding speed, axial force, pin profile, tool tilt angle, shoulder diameter and pin diameter [6] [7]. If these
parameters are not properly selected and maintained, the defects such as voids, hooks, onion ring and tunnel
defects may arise. The incorrect speed range, welding speed and axial force may even lead to the damage of the
tool. The cross-sectional area of an FSW weld joint is characterized by the different zones such as Heat Affected
Zone (HAZ), Thermo-Mechanically Affected ZoneTMAZ) and Weld Nugget Zone (WNZ). Also, there are
Advancing Side (AS) and Retreating Side (RS), which are the two sides relative to the weld centre line. The
rotational motion and linear motion of tool pin are in the same direction in AS and they are opposite in direction
inthe RS. The Fig. 2 shows the different weld zonesin FSW.
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Fig2:Weld zonesin friction stir welding
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Il. DIFFERENT AREAINMICROSTRUCTURE

A Heat affected zone (HAZ)

This area is only affected by the thermal cycle, but plastic deformation does not occur Mahoney et a [20]
have characterized HAZ in heat treatable aluminum alloys, that materials should experience a temperature of
more than 250°C in HAZ. The heat affected zone maintains a grain structure similar to that of base metals. In
any case, the application of temperatures above 250°C will have an important effect on the structure of
sediments. The reports of Azimzadegan et al [21] saysthat if the input heat to the HAZ is low, or theratio of the
rotational speeds to the progressive speed is low, the boundary between the sediments and the matrix in this
zone becomes almost rough. Figure 3 shows the effect of high and low ratios of the rotational speeds to the
progressive speed on the HAZ microstructure.

Fig 3: SEM image of HAZ with two different ratio of the rotational speed to the progressive speed: a)rotational speed 1300r pm and
progressive speed 40 mm/min, b)Rotational speed 1000 r pm progressive speed 80 mm/min.[21]

B. The thermo mechanical affected zone (TMAZ)

The unique feature of the FSW process is creation of an area between the weld region and the base metal
caled the area affected by mechanical operations. This area experiences the plastic deformation and heat
together. Highly deformed structure with more elongated grains of the base metal under upward flow pattern
around the weld zone is one of the TMAZ features. [8], [16], [17],[18] This region such as weld zone is not
subjected to plastic deformation, so recrystallization, due to lack of plastic strain, does not occur. However, in a
few cases have been reported that in this area dynamic recrystallization phenomenon is partially occurs.
[17],[19] Figure 4(a) shows the severe distortion of grains in TMAZ. The grains have high density of
didocations that are accompanied by an extensive lattice of fine grains in TMAZ (Figure 4(b)). Based on the
results of Feng and his colleague’s studies. Sedimentary particles of the second phase often grow in the grains or
in the grain boundaries of TMAZ due to the heat generated by the FSW process (Figure 4(c)).
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Fig 4: a) Optical microscopeimage of TMAZ, b) The TEM image of TMAZ showsthe high density of disocations, ¢) TEM image of
the sedimentary particle growth in TMAZ[14]
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C. Welding zone

The material in the welding zone is exposed to heat and severe deformation. The maximum temperature in the
FSW process occurs in this zone. Depending on the welding variables, the maximum temperature about 6061
aloy and 7075 alloy respectively is 400°C and 480°C. [9], [11]Due to the high deformation and relatively high
temperature, a dynamic recrystallization is performed in the welding zone, which modifies the microstructure of
this region that result in creating a grain size structure between 2 and 10 micrometers.[10],[12] As a result of the
FSW process, the welding zone is seen as airing structure, such as onion rings (Figure 5). [13],[14] The cooling
rate in the welding zone makes only stable phases grow and prevents making additional phases. Another point is
that in this region the crystallization process changes from homogeneous to non-homogeneous state, which
occurs due to accidental crystallization of sediments on dislocations. [12],[15]

a

—2 mm—

Fig 5: a) 2024-T351 alloys welding zone affected from welding with rotational speed of 1200 rpm and forward speed of 300 mm/min.
[13] b) 7075-T6 alloy'swelding zone affected from welding with rotation speed of 1200 rpm and traver se speed of 10 mm/min. [14]

II. PROCESS PARAMETERSTHAT AFFECTTHE MICROSTRUCTUTRE
A Rotational speed

Rotational speed is a important parameter. which plays a crucial character on the material flow and heat
generation thereby controlling the microstructures and mechanical properties of joint [22],[23] Thus, control of
rotational speed during welding has become a critical matter for sound weld. As the tool rotation speed
increases, the possibility of mixing the deformed materials in the weld zone will increase, which is considered a
positive variable. If thepin rotational speed increases the speed of the shoulder also increases too, which will
cause more heat in the jointing area, because about 95% of the total heat generated by the shoulder. Also, with
increasing rotation speed, the amount of generated heat is increased and the size of the pieces taken from the
material entering the matrix is increased. This reduces the strength of weld metal. On the other hand, increasing
the rotation speed causes porosity at the welding surface, which lead an imperfection in the weld metal. At low
rotation speeds, the thickness of the intermetallic structure will be reduced. However due to the decrease in the
rotation and its passing through a minimum state speed, due to a decrease in friction energy, a proper connection
will not be made. [24]The results of Kundu et al [25] showed that high tool rotational speed produce smooth
welding as compared to low tool rotational speed. Schneider et al [26] showed that the rotational speed has a
noteworthy effect on the shape of weld zone and joint strength. Moshwan et a [27] showed the if the rotational
speed be 3000 rpm, then all welds between AA 5052-0 plates will be sound welded joints with smooth surface
appearances. Also, Thangarasu et al [28] showed that higher rotational speed provided homogenous distribution
of Tic particles in the AA6082 matrix while lower rotational speed caused poor distribution of TiCparticlesin
the surface composite.

B. Welding speed

Forward motion of the tool assists the movement of the plasticised material under the tool shoulder from
advancing side to the back of the immersed pin. Apart from that, effective heat input to the material to be joined
depends on the weld speed. High weld speed drastically reduces the effective heat supply during welding [29].
Reduction in heat supply reduces the process peak temperature and results insufficient material flow around the
tool pinin stir zone. Insufficient material flow leads to tunnel defect in stir zone. Selection of higher welding
speed increases torque in the tool and develops excess stress in tool pin [30]. As tool pin is completely
immersed in the material the excess stress on tool pin results tool pin breakage. Decrease in weld speed not only
leads to the excess heat supple but also increases production time. The action of heating and stirring of material
in stir zone leads to grain refinement in stir zone. Recrystallization of material in stir zone is affected by the
increase in tool rotational speed and decrease in welding speed. Refined grains in weldment ensure better weld
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quality. Tool rotation and traversing speed must be selected to ensure efficient welding. Lower rotational speed
combined with higher traversing speed results in colder weld whereas, higher rotational speed along with lower
traversing speed results in hotter weld. Being easily controllable weld parameters many researches (Table 4) has
been done to optimise the tool rotational speed with respect to the tool feed rate.

Analysed parameter levels Optimum outcome value
Material Tool traverse | Tool rotational | Tool traverse | Tool rotationa Reference
speed(rpm) speed(mm/min) | speed(rpm) speed(mm/min)
AA1050 800 to1600 100to300 1200 100 (31]
AA2024-T3 800t01600 35t0140 1200 35 (32]
AA2024-T4 560t01800 11to45 900 35 [33]
AA2024-T6 1100to1900 10to75 1500 40 [34]
AA4047 500t01100 45t055 1100 54 [39]

Table 1. Optimum process parameters

C. Axial force

Vertical force exerted to the work piece through the tool is one among the easily controllable parameter.
Proper selection of vertical force ensures quality weld even if there are tolerable thickness variations in the
materials to be joined. As vertical force is one among the key factor on frictional heat generation during the
process, higher vertical force enables high speed welding [39]. Plunge depth is the depth of penetration of
shoulder surface in the work piece. Plunge depth increases heat generation as well as it controls the forging of
flow material in the stir zone [40]. Axia force can be increased through increasing plunge depth which results
higher heat generation. Higher plunge depth affects grain growth in stir zone and affects ductile strength of the
joint [41]. Lower plunge depth reduces vertical force which in turn reduces heat supply and leads to improper
material flow around the tool. Therefore, appropriate plunge depth is important for producing good-quality
joints by ensuring adequate forging pressure required to consolidate flowing materia

properly aswell as full penetration of the tool inside BM.

V. CONCLUSION

The FSW process which is a solid state welding method is the best process to welding of different alloys of
aluminum with an outstanding quality. In the FSW process three different areas including stir zone (Sz).
Thermo-mechanically affected zone (TMAZ) and heat affected zone (HAZ) are created. The main factors of this
process are tool geometry rotational speed, traverse speed, axial force and welding speed and tilt angle which
affect the microstructure and mechanical properties. It is clear that, the departure of traverse speed and rotation
speed in the FSW welding process is not accurate. Thus, for each metal, there is a window about traverse speed
and rotational speed so as to creating sound weld. Also, mechanical properties of the weld are mostly related to
the rotational speed, because the rotational speed plays a critical role on the material flow and heat generation.
Although, tool design and the type of alloy have direct effect on the morphology and structure of grains and
sediments. It should be mentioned that the position of dissimilar sheets has effect on the mechanical properties
of the final weld. For any aluminium alloy the set of process parameters cannot be fixed as constant and it can
only be defined as an optimum range based primarily on the geometry of the joint, construction of the work
piece restraint system and design of the FSW machine.

REFERENCES
[1] Rajakumar, S, C. Murdidharan, and V. Balasubramanian. ”Influence of friction stir welding process and tool parameters on
strength properties of AA7075-T6 aluminium alloy joints.” Materials Design 32.2 (2011): 535-549.

Abey Vishnu Narayana, Alentjoy

Effects of Process Parameters that affect the microstructure of Aluminium Alloy: A Review Page 5



g

(2

(3l
(4
(5]

(6]

(8l
(9

(10
[11]

(12
[13]
[14]
[15]
[16]
[17]
(18]
[19]
[20]
[21]
[22]

(23]

[24]

Journal of Current Research in Engineering = i

WU and Science

Bi-Annual Online Journal { 155N : 2581 - 611X )

Volume 5- Issue 1, Paper 30 January 2022

Kumar, S. Ravi, V. Seshagiri Rao, and R. V. Pranesh. "Effect of welding parameters on macro and microstructure of friction stir
welded dissmilar butt joints between AA7075-T651 and AA6061-T651 alloys.” Procedia Materials Science 5 (2014): 1726-
1735.

Kim, Weon-Kyong, Si-Tae Won, and Byeong-Choon Goo. ”A study on mechanical characteristics of the friction stir welded
AB6005-T5 extrusion.” International Journal of Precision Engineering and Manufacturing 11.6 (2010): 931-936.
Mohammadi-pour, Mohammad, et al. ”Microstructure and mechanical properties of joints welded by friction-stir welding in
aluminum aloy 7075-T6 plates for aerospace application.” Rare Metals (2016): 1-9.

Khodir, Saad Ahmed, and Toshiya Shibayanagi. "Friction stir welding of dissimilar AA2024 and AA7075 aluminum alloys.”
Materials Science and Engineering: B 148.1-3 (2008): 82-87

Fadaeifard, Firouz, et al. ”Influence of rotational speed on mechanical properties offriction stir lap welded 6061-T6 Al alloy.”
Transactions of nonferrous metals society of china 24.4 (2014): 1004-1011.

Chandrashekar, A., B. S. Ajaykumar, and H. N. Reddappa. "Effect of Pin Profile and Process Parameters on the Properties

of Friction Stirwelded Al-Mg Alloy.” Materials Today: Proceedings 5.10 (2018): 22283-22292.

13. MishraRS, Ma ZY. Friction stir welding and processing. Materials Science and Engineering A. 2005;50(2):1-78.

14. Imam M, Biswas K, Racherla V, et al. “Effect of weld morphology on mechanical response and failure of friction stir welds
in a naturally aged aluminium alloy.” Materials and Design. 2013;44:23-34.

Thomas W. “Friction stir welding developments.” TWI, Cambridge, UK; 1991. p. 67-88.

Goloborodko A, Ito T, Yun X, et al. “Friction stir welding of a commercial 7075-T6 aluminum aloy: grainrefinement, Thermal
stability and tensile properties.” Materials Transactions. 2004;45(8):2503-2508.

Fuller CB, Mahoney MW, Calabrese M, et al. “Evolution of microstructure and mechanical properties in naturally aged 7050
and 7075 Al friction stir welds.” Materials Science and Engineering A. 2010;527(9):2233-2240.

Khodir SA, Shibayanagi T. “Friction stir welding of dissimilar AA2024 and AA7075 aluminum alloys.” Materials Science and
Engineering B. 2008;148(3):82-87.

Feng AH, Chen DL, Ma ZY, et al. “Microstructureand cyclic deformation behavior of a friction-stir-welded 7075 Al alloy.”
Metallurgical and Materials Transactions A. 2010;41(4):957-960.

Olea CAW, Roldo L, dos Santos JF, et al. “A sub-structural analysis of friction stir welded jointsin an AA6056 Al-alloy in T4
and T6 temper conditions.” Materials Science and Engineering A. 2007;454:52-62.

Lim S, Kim S, Lee Ch, etal. “Mechanical properties of friction stir welded Al alloys with different hardening mechanisms.”
Journal of Metals and Materials International. 2005;11:113-120.

Di SH, Yang X, Fang D, et al. “The influence of zigzag-curve defect on the fatigue properties of friction stir weldsin 7075-T6
Al alloy.” Materials Chemistry and Physics. 2007;104(3):244-248.

Su JQ, Nelson TW, Mishra R, et al. “Microstructural investigation of friction stir welded 7050-1651 aluminium. Acta
Materialia. 2003;51(3):713-729.”

Ren SR, Ma ZY, Chen LQ, et al. “Effect of welding parameters on tensile properties and fracture behavior of friction stir
welded Al-Mg-Si alloy.” Scripta Materialia. 2007;56(1):69-72.

Mohanty HK, Mahapatra MM, Kumar P, et al. “Effectof tool shoulder and pin probe profiles on friction stirred aluminum welds
- a comparative study.”Journal Marine Science. 2012;11(2):200-207.

Azimzadegan T, Sergjzadeh S. “An investigation into microstructures and mechanical properties of AA7075-T6 during friction
stir welding at relatively high rotational speeds.” Journal of Materials Engineering and Performance. 2010;19:4-6.

30. Wang FF, Li WY, Shen JJ, et a. Effect of tool rotational speed on the microstructure and mechanical properties of bobbin
toal friction stir welding of Al-Li alloy. Materials & Design. 2015;86:933-940.

Dinaharan |, Kalaiselvan K, Vijay SJ, et al. “Effectof material locationand tool rotational speed on microstructure and tensile
strength of dissimilar friction stir welded aluminum alloys.” Archives of civil and Mechanical Engineering. 2012;12(4):446-
454,

Yutaka SS, Hiroyuki K. “Distribution of tensile property and microstructure in friction stir weld of 6063 aluminum.”
Metallurgical and Materials Transactions A. 2001;32(12):1356-1366.

Abey Vishnu Narayana, Alentjoy

Effects of Process Parameters that affect the microstructure of Aluminium Alloy: A Review Page 6



ads Journal of Current Research in Engineering =
- i

WU and Science

Bi-Annual Online Journal { 155N : 2581 - 611X )

Volume 5- Issue 1, Paper 30 January 2022

[25] Kundu J, Ghangas G, Rattan N, et al. “Effect of Different Parameters on HeatGeneration and Tensile Strength ofFSWAAS5083
Joint.” International Journal of Current Engineering and Technology. 2017;7(3):1170-1174.

[26] Schneider JA, Nunes AC, Brendel MS, et a. “The influence of friction stir weld tool form and welding parameters on weld
structure and properties: nugget bulge in self-reacting friction stir welds.” In: 8th International Symposium on Friction Stir
Welding, May 18-20, Timmendorfer Strand (Germany); 2010.

[27] Moshwan R, Yusof F, Hassan MA, et a. “Effect of tool rotational speed on force generation, microstructure and mechanical
properties of friction stir welded Al-Mg-Cr-Mn (AA 5052-0) Alloy.” Materials and Design. 2015;66:118-128.

[28] Thangarasu A, Murugan N, Dinaharan |, et al. “Effect of tool rotational speed on microstructure and microhardness of
AAB082/TiC surface composites using friction stir processing.” Applied Mechanics and Materials. 2014;592:234-239.

[29] M. Al-Moussawi and A. J. Smith, “Defects in Friction Stir Welding of Steel,” Metallogr. Microstruct. Anal., vol. 7, no. 2,

pp. 194-202, 2018.

[30] X.He, F. Gu, and A. Ball, A Review of Numerical Analysis of Friction Stir Welding, no. March. Elsevier Ltd, 2014.

[31] E.T.Akinlabi, R. M. Mahamood, S. A. Akinlabi, and E. Ogunmuyiwa, “Processing parameters influence on wear resistance
behaviour of friction stir processed Al-TiC composites,” Adv. Mater. Sci. Eng., vol. 2014, 2014.

[32] P. Carlone and G. S. Palazzo, “Influence of Process Parameters on Microstructure and Mechanical Propertiesin AA2024-T3
Friction Stir Welding,” Metallogr. Microstruct. Anal., vol. 2, no. 4, pp. 213-222, 2013.

[33] V. Shokri, A. Sadeghi, and M. H. Sadeghi, “Effect of friction stir welding parameters on microstructure and mechanical
properties of DSS-Cu joints,” Mater. Sci. Eng. A, vol. 693, no. February, pp. 111-120, 2017.

[34] C. Rajendran, K. Srinivasan, V. Balasubramanian, H. Balaji, and P. Selvaraj, “Mechanical properties and microstructural
characteristics of friction stir welded AA2014-T6 aluminium alloy joints,” J. Mech. Behav. Mater., vol. 28, no. 1, pp. 169-185,
2020.

[35] S. K. Panda, P. Chandrasekhar, and S. Singh, “Finite Element Simulation of Friction Stir Butt Welding of AA4047 Aluminium
Plates,” IRACST — Eng. Sci. Technol. An Int. J,, vol. 2, no. 6, pp. 2250-3498, 2012.

[36] J. Kundu and H. Singh, “Friction stir welding of AA5083 aluminium alloy: Multi-response optimization using Taguchi-based
grey relational analysis,” Adv. Mech. Eng., vol. 8, no. 11, pp. 1-10, 2016.

[37] N. Haldar, S. Datta, and R. Kumar, “Experimental studies on friction-stir welding of AA6061 using Inconel 601 tool,” J.
Brazilian Soc. Mech. Sci. Eng., val. 40, no. 9, 2018.

[38] J. Langari and F. Kolahan, “The effect of friction stir welding parameters on the microstructure, defects, and mechanical
properties of AA7075-T651 aluminium alloy joints,” Sci. Iran., vol. 26, no. 4 B, pp. 2418-2430, 2019.

[39] A. Forcellese, M. Simoncini, and G. Casalino, “Influence of process parameters on the vertical forces generated during friction
stir welding of AA6082-T6 and on the mechanicalproperties ofthe joints,” Metals (Basel)., vol. 7, no. 9, 2017.

[40] J. W. Kwon et al., “Influence of tool plunge depth and welding distance on friction stir lap welding of AA5454-O aluminum
alloy plates with different thicknesses,” Trans. Nonferrous Met. Soc. China (English Ed., vol. 22, no. SUPPL.3, pp. $624-s628,
2012.

[41] S. Rathee, S. Maheshwari, A. N. Siddiquee, and M. Srivastava, “Effect of tool plunge depth on reinforcement particles
distribution in surface composite fabrication via friction stir processing,” Def. Technol., vol. 13, no. 2, pp. 86-91, 2017.

[42] v. Malik, N. K. Sanjeev, H. S. Hebbar, and S. V Kailas, “Investigations on the Effect of Various Tool Pin Profiles in Friction
Stir Welding Using Finite Element Simulations,” Procedia Eng., vol. 97, pp. 1060-1068, 2014

Abey Vishnu Narayana, Alentjoy

Effects of Process Parameters that affect the microstructure of Aluminium Alloy: A Review Page 7



