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Abstract— Friction Stir Welding (FSW) has become a major 

joining process in the aerospace, railway and ship building 

industries especially in the fabrication of aluminium alloys. 

The process uses a spinning non-consumable tool to generate 

frictional heat in the work piece. Aluminium metal is not 

possible with arc welding, MIG welding and TIG Welding, it 

is also observed that aluminium is welded by gas welding but 

the strength of the joint is very poor. The welded joint mostly 

failed at the joining point. So the other alternative is Friction 

Stir Welding. In FSW, the aluminium is fully fusion by own 

due to friction heat. 
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I. INTRODUCTION 

Friction-Stir Welding (FSW) is a solid-state joining process 

(the metal is not melted) that uses a third body tool to join two 

facing surfaces. Heat is generated between the tool and 

material which leads to a very soft region near the FSW tool. 

It then mechanically intermixes the two pieces of metal at the 

place of the joint, then the softened metal (due to the elevated 

temperature) can be joined using mechanical pressure (which 

is applied by the tool), much like joining clay. 

 
Fig. 1: Friction Stir Welding 

 It is primarily used on aluminum, and most often on 

extruded aluminium (non-heat treatable alloys), and on 

structures which need superior weld strength without a post 

weld heat treatment Friction stir welding is a solid state 

joining technique invented in 1991 by the welding institute 

(TWE). Welding is highly reliable and efficient metal joining 

process. 

II. LITERATURE REVIEW 

Mofid et al. [2012] his research demonstrates the use of 

submerged friction stir welding (SFSW) under water as an 

alternative and improved method for creating fine grained 

welds, and hence, to alleviate formation of intermetallic 

phases. A constant tool rotation rate of 300 rpm and travel 

speed of 50 mm/min was used. The air welded specimen had 

a relatively larger volume fraction of intermetallic compound, 

higher peak temperature in stir zone and significantly higher 

hardness in the weld center. The present study suggests that 

submerged friction stir welding under water resulted in lower 

peak temperature and because of lower heat input 

intermetallic compounds formation was limited. 

 Adamowski and Szkodo [2007] investigated the 

properties and microstructural changes in Friction Stir Welds 

in the aluminium alloy 6082-T6 in function of varying 

process parameters. Microstructures of various zones of FSW 

welds are presented and analyzed by means of optical 

microscopy and microhardness measurements. Mechanical 

resistance of test welds increased with the increase of travel 

(welding) speed with constant rotational speed. 

 Elangovan and Balasubramanian [2008] 

investigated the effect of tool pin profile and welding speed 

on the formation of friction stir processing zone in AA2219 

aluminium alloy. Five different tool pin profiles (straight 

cylindrical, tapered cylindrical, threaded cylindrical, 

triangular and square) had been used to fabricate the joints at 

three different welding speeds (0.37, 0.76, and 1.25 mm/s). 

The joints fabricated at a welding speed of 0.76 mm/s showed 

superior tensile properties. The joint fabricated using square 

pin profiled tool at a welding speed of 0.76 mm/s exhibits 

maximum tensile strength, higher hardness and finer grains 

in the FSP region. 

 Liu et al. [2010] revealed that the precipitate 

deterioration in the thermal mechanically affected zone and 

the heat affected zone is weakened with the increase of 

welding speed, leading to a narrowing of softening region and 

an increase in lowest hardness Value. Tensile strength firstly 

increases with the welding speed but dramatically decreases 

at the welding speed of 200 mm/min owing to the occurrence 

of groove defect. During tensile test, the joint welded at a 

lower welding speed is fractured in the heat affected zone on 

the retreating side. While at higher welding speed, the defect-

free joint is fractured in the thermal mechanically affected 

zone on the advancing side. 

 Rodrigues et. al. [2009] investigated 1mm thick 

plates of AA 6016-T4 aluminium alloys and welded with 

FSW with two different tools and analyzed and compared the 

microstructure and mechanical properties. The welds 

analyzed were successfully joined and showed no porosity 

and/or defects in both weld top and root surfaces. No flash 

was produced during welding for both tools. The differences 

in microstructure conducted to a reduction in hardness around 

15% in the CW welds contrarily to the HW welds where an 

even match condition was reached. 

 Ramulu et.al. [2010] proposed that the FSW of 

titanium is a relatively new process. A university and industry 

collaborative research project was conducted to determine the 

mechanical properties of Ti-6A1-4V friction stir welds in 

standard grain size material, fine grain size, as welded, stress 

relieved, and super plastically formed conditions. Welds in 

fine grain material and stress relived welds leads to improve 

strengths and elongations. In an epilogue, the properties of 

the SPF welds improved with the degree of super plasticity. 

 Ghosh et.al [2010] investigated friction stir welding 

of cast A356 and 6061-T6 aluminium alloys under traversing 
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speed of 80 to 240 mm/min, a tool rotating speed of 1000-

1400 rpm. The precipitates within the grain body are mostly 

globular and homogenously distributed whereas the 

clustering of same had been observed around the grain 

boundary. Apart from this, the improvement in the bond 

strength was only due to change in grain size of Al 6061 alloy, 

alteration of shape and size of Si rich disperoids , low residual 

stress at high defect density. 

 Zhang et al. [2011] with increasing rotation speed, 

the hardness of the stir zone (SZ) gradually increases due to 

the increase in dislocation density. The tensile strength first 

increases from 600 to 800 rpm and then reaches a plateau in 

a wide rotation speed range. After that a remarkable decrease 

in tensile strength occurs owing to the formation of void 

defect. 

 The joint welded at lower rotation speed tends to be 

fractured in the SZ. At higher rotation speeds, the hardness 

increase in the SZ makes the fracture locations of defect-free 

joints move to the thermal-mechanically affected zone 

(TMAZ) or heat affected zone (HAZ). 

 Bisadi et. al. [2011] investigated that the friction stir 

welding can produce many kinds of joints such as butt joints, 

lap joints and T joints. In this study experiments were 

performed to investigate the effects of FSW process 

parameters including rotational and welding speed on the 

microstructure and mechanical properties of aluminium 5083 

alloy in lap joint welding and different joint defects were 

analyzed. It was observed that the nugget area had the best 

grain size and also higher hardness in compare with the other 

welding areas. Kumar et. al. [2013] studied that Combination 

of 2xxx series and 6xxx series of aluminium alloys are highly 

used in aerospace and automobile industry due to their good-

strength to weight ratio, mechanical properties and anti-

corrosion properties. From the results, it was observed that 

the joint fabricated by using pentagonal pin profiled tool give 

superior tensile and micro-hardness properties as compared 

to other joints. 

 Handa and Chawla [2013] studied to join austenitic 

stainless steel (AISI 304) with low alloy steel (AISI 1021) at 

1600 rpm and at different axial pressures and then 

determining the strength of the joint by means of mechanical 

properties. 

 The maximum tensile strength for welded bars was 

achieved with an applied axial pressure of 105MPa, but the 

specimen fails in a brittle manner. The maximum 

displacement was also available at this axial pressure. With 

the further increase in axial pressure the strength starts 

declining. 

 Liu et. al. [2014] examined thin sheets of aluminium 

alloy 6061-T6 and one type of Advanced high strength steel, 

transformation induced plasticity (TRIP) steel have been 

successfully butt joined using FSW technique. Tensile tests 

and scanning electron microscopy (SEM) results indicate that 

the weld nugget was considered as aluminium matrix 

composite, which is enhanced by dispersed sheared-off steel 

fragments encompassed by a thin intermetallic layer or 

simply intermetallic particles. 

 Paradisoa et. al.(2017) This preliminary 

investigation has demonstrated the feasibility of joining the 

Aluminium alloy 2024-T3 to ZE41A Magnesium alloy 

offsetting the tool towards the Magnesium side and fixing the 

Aluminium in the retreating side. Several difficulties were 

encountered during FSW process due to the different 

behavior of the alloys in terms of attitude to the plastic 

deformation and thermal conductivity. Hot cracks and poor 

joints were obtained in some processing conditions. 

 Instead sound joints were obtained with 1200 rpm of 

tool rotational speed and 20 mm/min of welding speed. 

 Microstructure and micro hardness of the sound 

joints were examined. Microstructural observations 

demonstrated that a complex vortex flow occurred in the 

stirred zone. The stirred zone was found to be mixed with 

both alloys but the fraction of Al 2024-T3 alloy was appeared 

to be more compared with ZE41A alloy. Furthermore very 

fine dispersed IMCs in Aluminium highly rich matrix was 

observed in the FSW joint stirred zone. The hardness 

distribution in stirred zone was found to be highly affected by 

the combined effect of fine grain structure and the presence 

of hard intermetallic compounds. The friction stir weld 

investigation indicates that exists a potential for further 

enhancements to join dissimilar AA2024-T3 to Mg ZE41A 

alloys. Efforts to fine tune the FSW process parameters and 

further investigations into new tool forms could help to 

achieve dissimilar AA2024-T3 to Mg ZE41A joints with still 

improved quality of welds. 

III. CONCLUSION 

After studying the research papers, it is observed that the 

welding of Aluminium Metal is not possible with arc 

welding, MIG welding and TIG Welding, it is also observed 

that aluminium is welded by gas welding but the strength of 

the joint is very poor. The welded joint mostly failed at the 

joining point. So the other alternative is Friction Stir Welding. 

In FSW, the aluminium is fully fusion by own due to friction 

heat. For improving the strength of the joint, we will dope the 

other metal inside joint so that the aluminium alloy will form 

the weld bead and it gives the maximum strength. 

REFERENCES 

[1] Paradisoa et. al.(2017), “Magnesium and Aluminium 

alloys dissimilar joining by Friction Stir Welding”, 

Procedia Engineering, Vol. 183, pp.239-244. 

[2] Casalino, G; Campanelli, S; Mortello, M; (2014), 

“Influence of Shoulder Geometry and Coating of the 

Tool on the Friction Stir Welding of Aluminium Alloy 

Plates”, Materials and Design, Vol. 69, pp 1541 – 1548. 

[3] Heidarzadehet. al. (2012), “Tensile behavior of friction 

stir welded AA 6061- aluminium alloy joints”, Vol. 37, 

pp.166-173. 

[4] Palanivelet. al. (2012), “Effect of tool rotational speed 

and pin profile on microstructure tensile strength of 

dissimilar friction stir welded AA5083-H111and 

AA6351-T6aluminium alloys”, Vol. 40, pp.07-16. 

[5] Ghosh, M; Kumar, K; (2010), “Optimization of friction 

stir welding parameters for dissimilar aluminum”, 

Material and Design 31, pp. 3003-3037. 

[6] Ramulu, M; Edwards, P; D; Sanders, G; Reynolds, A; P; 

Trapp, T; (2010), “Tensile properties of friction stir 

welded and friction stir welded-superplastically formed 

Ti–6Al–4V butt joints”, Materials and Design, Vol.31, 

pp. 3056–3061. 



Recent Trends of Friction Stir Welding-Revisited 

 (IJSRD/Vol. 6/Issue 08/2018/016) 

 

 All rights reserved by www.ijsrd.com 69 

[7] Shanmuga and Murugan(2010), “Tensile behavior of 

dissimilar friction stir welded joints of aluminium 

alloys”, Material and Design, Vol. 31, pp.4184-4193. 

[8] Weifenget. al. (2009), “Microstructure and mechanical 

properties of friction stir welded joints in 2219-T6 

aluminium alloy”, Vol. 30, pp.3460-3467. 

[9] Leitao, C; Emílio, B; Chaparro, B; M; Rodrigues, D;M; 

(2009), “Formability of similar and dissimilar friction 

stir welded AA 5182-H111 and AA 6016-T4 tailored 

blanks”, Materials and Design 30, pp. 3235–3242. 

[10] Scialpi A.; De Filippis L.A.C.; Cavaliere P. (2007), 

“Influence of shoulder geometry on microstructure and 

mechanical properties of friction stir welded 6082 

aluminium alloy, Materials and Design, Vol. 28, Issue 4, 

2007, pp. 1124–1129. 

[11] Esezobor, D.E; S. O. Adeosun (2006), “Improvement on 

the strength of 6063 aluminum alloy by means of 

solution heat treatment”, Materials Science and 

Technology (MS&T), pp. 645-652. 

[12] “Cavaliere et. al. (2006), “Effect of welding parameters 

on mechanical and microstructural properties of AA6056 

joints produced by Friction Stir Welding”, Journal of 

Materials Processing Technology, Vol. 180, pp.263–

270. 

[13] Mishra and Ma (2005), “Friction stir welding and 

processing” Materials Science and Engineering, Vol. 50, 

pp. 1–78. 

[14] Khandkar et.al.(2001),“Experimental and analytical 

investigation of friction stir welding of aluminium 

alloys”, International Conference on Mechanical 

Engineering, Vol. 6, pp. 213-219. 


