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ABSTRACT: 

Friction Stir Welding is the process under green technology, which uses no filler material for welding. It was developed 

by The Welding Institute in 1991. Friction stir welding uses axial load through the tool, with stir a joint is made.  Several 

research scientists tried with friction stir welding by changing various parameters, such as  axial pressure, tilting angle 

of the tool, joining metals or materials, rpm, speed rate (mm/min), pin profile, etc. The effects and defects in FSW by 

various parameters have been analyzed and discussed in this article 
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Literature Review: 

Many scientists have done their research on friction 

stir welding. In 1991, The Welding Institute, US, 

had developed a new concept of green technology 

in welding process, without adding welding filler 

material. This technology had developed many 

research works due to feasibility and due to reason 

it did not require any filler material or any other 

material for welding.  

1. Many scientists research work is reviewed 

and their outputs of their experiments have been 

discussed in this work. Friction Stir Welding (FSW) 

with preheating treatment at 410
o
C for 6 hours and 

FSW established same strength and elongation, but 

the former one exhibited lower yield strength 

comparing to later one (J. Yang et al, 2014). When 

Laser beam welding was done on AA6082-T6 alloy, 

it exhibited good fatigue strength over the FSW (L. 

Reis et al, 2014).The hardness measured in heat 

affected zone [HAZ] in AA6061 Aluminium alloy 

welded with dissimilar metal AA2024 aluminium 

alloy exhibitedlower hardness, which caused the 

root for lesser tensile strength (Sadeesh P et al, 

2014). Friction stir welding increased the welding 

corruption in AA6061-T6 alloy in the welding 

region by inter-angular attack and pitting corrosion. 

The increase of intermetallic particles enhanced the 

corrosion(FarhadGharavi et al, 2015). The stir zone 

in AA6061 aluminium alloy has fine recrystallized 

grain and Thermo Mechanically Affected Zone 

(TMAZ) has coarse grain. The interface between 

Stir zone (SZ)and TMAZ had the poorest tensile 

strength location(Jawdat et al, 2015). As the 

welding speed increased from 3 mm/min the 

welding strength decreased from 630 MPa to 343 

MPa(Manish P. Meshram et al, 2014).  

When the good effects of FSW are considered, 

following are the important results have been 

concluded by research scientists. The ultrasonic 

energy has positive influence in FSW in 1060 

Aluminium alloy on the parameters such as volume 

of deformed material, stress-strain rate and material 

flow velocity(Xiaochao et al, 2015). The porosity 

disappeared in Ni-Al Bronze (NAB-C95800) in 

welded zone after Friction Stir Welding(E. Senturk 

et al, 2014).Addition of Al2O3nano-particles 

improved defect-free surface 7075 Aluminium 

alloys(Mehdi Saeidi et al, 2015). Many research 

scientists found that tool and its design played a 

vital role in friction stir welding. (Sevvel P and Jai 

Ganesh, 2014).  

2. Yadav et al found that the tensile strength 

of the weld of AA6106 aluminium alloy and copper 

was low comparing to base metal. Vinayak D. 

Yadav and Prof. S.G. Bhatwadekar, 2014). The 

deformation of larger grain in 5754 H11 aluminium 

alloy was very much influenced by flat shaped 

shoulder tool comparing to conical shaped shoulder 



 
 
 

 
 

248 D. Jayabalakrishnan, M.Balasubramanian. 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 5 

May 2017 

tool (Giuseppe Casalina et al, 2013). The rotation of 

higher values was not suitable Friction Stir 

Welding. When the experiment was conducted from 

400 rpm to 1200 rpm, 800 rpm was found to be 

suitable for Mg-Al-Zn (AZ80) of 6mm thick alloy 

plates. The grain size of Nugget zone increased as 

the rotation rate increased. The tensile strength 

increased when the rotation rate was increased from 

400 to 800 rpm. Moreover the efficiency of the joint 

was increased upto 92%, which was obtained at 800 

rpm(J. Yang et al, 2014). Under FSW, preservation 

of fine grained microstructure in ultra fine grained 

alloy was studied. FSW improved material 

softening at stir zone. It was due to recrystallization 

during FSW when FSW was executed at hot rolled 

Al-Mg-Sc-Zr alloy, the efficiency of the joint was 

found to be 85% whereas in the cold rolled 

condition, the efficiency of the joint by FSW was 

found to be 57%. That showed that hot rolled sheet 

improved the joint efficiency(S. Malopheyey et al, 

2015). 

When the rpm speed was about 600-800 rpm and 

low transverse speed was about 30-60 mm/min, 

keeping magnesium on advancing side and tool 

offsetting to Mg 0.3 mm, the defect free Al-Mg 

dissimilar welding was obtained. The tensile 

property was improved upto 70%. The input 

parameter that affected the dissimilar FSW was heat 

input and the mixing proportion of the materials 

(Banglong Fu et al, 2015). The different values of 

surface roughness of 6061 aluminium alloys were 

taken and their influence on FSW strength was 

studied. When it was experimented, it was found 

that the surface with least surface roughness was 

found to be better than the metal with high surface 

roughness. Even the tensile strength was affected 

very much by the surface roughness of the material. 

The Vicker’s hardness was also improved at heat 

affected heat affected zone in Al 6061 alloy. The 

coincidence of the small tool pin and small shoulder 

diameter was observed with the surface roughness 

of Al 6061 alloy. The coefficient of friction and the 

temperature had significant influence in FSW of Al 

6061-T6 alloy (TanmoyMedhia et al, 2015). The 

main force acting on the welding tool was found to 

be frictional force on the shoulder contact surface. 

The increase in rotational speed decreased the 

maximum fatigue stress on the pin in FSW on AA 

6061-T6(Z. Zhang et al, 2015). The wide range of 

speeds ranging from 400 to 1000 rpm in the step of 

200 rpm were used along with constant transverse 

speed of 100 mm/min in 7020-T6 Aluminium alloy 

of 4mm thickness were experimented. It was found 

that as the speed decreased from 1000 rpm to 400 

rpm, the peak temperature decreased from 311
o
C to 

209
o
C. This in turn increased the hardness and the 

tensile strength. The defect free joint were made 

600, 800 and 1000 rpm with constant transverse 

speed of 100 mm/min. The lower rpm formed fine 

grain size in the FSW(A. SalemiGolezani et al, 

2015).  

 In Aluminium Stainless steel alloy FSW, when 

oxide film on the stainless steel surface was 

removed, better FSW was achieved and even by 

varying the pin profiles, tensile strength upto 250 

MPa could be achieved(S. Babu et al, 2015). The 

tool geometry design played a vital role in FSW of 

aluminium alloy. The pin length should be in the 

range of 80-95 % of the plate thickness and pin 

probe shape to be cylinder flat base. By using the 

above parameters, it was found that the FSW could 

be improved A5083 4mm Aluminium alloy 

plate(M.A.H.M. Jasri et al, 2015). In AA6061-T6 

aluminium alloy weld, stationery shoulder friction 

weld was done. By increasing the welding speed 

from 100 to 300 mm/min, at constant 150 rpm, the 

tensile strength of the joint increased upto 77.3% of 

AA606-T6 aluminium alloy base metal. When the 

welding speed was about 100-300 mm/min, the 

hardness was decreased upto 60% of base metal 

(Dongxiao Li et al, 2014). When two dissimilar 

metal aluminium alloy of AA7071 and AA6061 

was welded by Friction Stir Welding, the tensile 

strength of the metal weld had reached upto 270 

MPa, when the AA6061 alloy was placed on the 

advancing side and when the rpm was about 1000 

rpm. The lower tensile strength of about 160 MPa 

was achieved when the AA6061 alloy was kept on 

the retreating side. The above experiment showed 

that the metal of weaker strength should be placed 

on the adjoining side for the better tensile strength 

of the weld (N.A.A. Satharil, 2015).  

When the rotational speed was increased along with 

the increase of axial load, the temperature was 

increased, but contrary to it, the temperature 

reduced with enhancement of welding speed(R. 

Ramesh, 2015). Abnormal grain growth is 

dependent on macroscopic heterogeneity of the 

structure inside friction stir welding joint(S. Yu. 

Mironov, 2015).  In 7075 Aluminium alloy with 

Zr15Ti5Ni10Cu25Al9 Bulk Metallic Glass (BMG) 
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decreased first and increases as the distance 

increased away from the joint (Hao Zhang, 2015). 

When induction was used to heat High Density 

Polyethylene (HDPE) plate, a thermoplastic 

material under FSW, it enabled softening of the 

material which made easy for friction stir welding. 

The ductile property of the material played a vital 

role, when tool pin temperature was high. When 

cold tool pin was used, material turbulence played a 

vital role in the strength of the weld 

(BandariVijendra et al, 2015).The different types of 

tool pin had been used, tools with arched pin type 

and half pin type exerted high pressure than the half 

pin. Comparing to above pin, the offset pin type 

exerted less force than tool with pins of concentric 

type(SaeidAmini et al, 2014). In Al-Li Alloy 

AA2198, as the rotation speed increased, the grain 

size of the stirred zone increased along with 

decrease of density of the strengthening particles. In 

the thickness direction of all welds, symmetrical 

hardness distribution was attained. As the rotational 

speed increased, the tensile strength of the joint 

increased first and then decreased with the 

maximum strength efficiency of 80% (F.F. Wang, 

2015).  In AA8011 aluminium alloy FSW, the 

rotational speed of 680 rpm, the feed rate of 24 

mm/min, and the tilt angle of tool of about 85 

degrees gave the good weld quality(K. Palani et al, 

2015).  When the fatigue test was conducted 

between FSW of two dissimilar metals AA5754 and 

AA6082 and FSW of AA6082 similar metal, the 

fatigue strength in the former is lesser than later. 

That was due to hook effect in dissimilar metals 

under FSW(V. Infanate et al, 2015). In 6061 

Aluminium alloy weld, if the tool pin profiles are 

changed into tapered cylindrical, triangular and 

square type, the triangular type pin profile produced 

good weld strength comparing to other welded 

joints produced by other pin profiles (H.I. Dawood 

et al, 2015). In Al6061-T6 alloy and copper 

Electrolytic Tough Pitch (ETP)-C11000 weld, the 

axial force of about 1500 N, rotational speed of 

about 675 rpm, welding speed of about 40 mm/min 

established the higher tensile strength of about 

224.62 N/mm
2
, whereas the rotational speed of 

about 510 rpm, welding speed of about 30 mm/min 

and the axial strength of about 1000 N established 

lower tensile strength of about 107.25 N/mm
2
. The 

Friction stir welding lap weld had the maximum 

ultimate strength of 72.25% of the base metal of the 

ultimate tensile strength (G.I.Shaikh et al, 2015).  

When two dissimilar alloy sheet AA6082-T6 and 

AA2014-T6, the welding was experimented at 1000 

rpm, welding speed of 40 mm/min and axial force 

of 11,000 N, the tensile strength was found to be 

good(R. Ramesh et al 2014). 

After FSW, post weld heat treatment (PWHT) was 

conducted for AA6061 aluminiumalloy; it was 

found that tensile strength was increased by 4.7% 

after heat treatment of about 16 hours, along with 

the increase of hardness. The highest tensile 

strength was found to be 204.08 MPa comparing to 

simple FSW weld, tensile strength value of 166.08 

MPa (R. Ahmad et al, 2015).  In aluminium alloy 

6061-O joint, the tool speed of about 1250 rpm, 

transverse speed of about 0.88 mm/sec and the axial 

load of 9000 kg, established a defect free joint(A. 

Varun Kumar et al, 2015).In thin plates of 

polypropylene and polyethylene, the defect was 

increased in retreating side of the welds, comparing 

to FSW in metallic materials. The material 

degradatation incurred due to generation of 

excessive heat, when the traversing speed of about 

20 mm/min (ShayanEslami et al, 2015). The highest 

fatigue strength was about the twice of the value of 

AA6082 aluminium alloy (K. Krasnowski, 2015) In 

6 mm thick AA6061-T6 alloy, Al2O3nano particles 

were added at adjoining joints. Here 1600 rpm and 

45 mm/min speed produced good yield strength. 

Addition of Al2O3 increased tremendous wear 

resistance (Mohsen FarahmandNikoo et al, 2015).  

 

Fig.1. Zones of Friction Stir Welding (S.Kahl, 

2010) 

 

Before going to other defects in FSW, the various 

types of zones have to be learnt as shown in 

fig.1(S.Kahl, 2010).The different types of zones are 

Heat Affected Zone (HAZ). HAZ is the zone where 

there is no plastic deformation, but affected by heat, 

which creates the change at micro structural level. 
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The next zone is Thermo Mechanically Affected 

Zone (TMAZ) where the both plastic deformation 

and influence by heat takes place. The other zone is 

nugget, where recrystallization takes by heat 

affected zone. Sometimes nugget is considered as 

Stir zone (SZ). The Advancing Side (AS) is the side 

which moves along with the travel of the tool pin or 

along the direction of tool movement. The side 

which moves against the travel of the tool is called 

Retreating Size (RS)(S.Kahl, 2010).  

 

Fig.2 Friction Stir Welding with Running Void in 

AA6061-T6(S.Kahl, 2010) 

 

When AA6061-T6 aluminium alloy was weld under 

FSW, when the tool pressure was low, the tool 

spinning speed rpm was very low or when there was 

more gap in between the welding plate, friction stir 

welding created a void in welding region which is 

shown in fig.2 and fig.3(S.Kahl, 2010).  

 

Fig.3. Friction Stir Welding with Running void in 

AA6061-T6 – Tensile Test(S.Kahl, 2010) 

 

 

Fig.4. Initial Stage of Tunnel Defect in FSW 03 

(J.Adamoswki et al, 2007) 

 

Similarly, when the pressure on the tool was less or 

when the tool rpm or speed of rotation was low, 

then there was a chance of tunnel defect in the 

welded region under FSW. This is shown in fig.4 in 

sample 3 of aluminium alloy of AW6082-T6 

(J.Adamoswki et al, 2007). 

 

Fig.5 Tunnel Profiles- Samples (a) to (i) (Sebastian 

Balos et al, 2014) 

 

The various types of tunnel defects are shown in 

fig.5, which depicts the tunnel profiles formed in 
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aluminium- Magnesium alloy EN-AW 5052-H32 of 

size 3 mm and 8 mm thickness were taken with 

samples from (a) to (e) under 3 mm thickness and 

(f) to (i) under 8 mm thickness. Two types of tunnel 

defects were found such as closed tunnel defect and 

opened tunnel defect (Sebastian Balos et al, 2014). 

 

Fig.6. Distortion – FSW(Yan Dong-yang et al, 

2010) 

When the aluminium alloy of 6056 type was welded 

under FSW, the distortion of upper portion and 

lower portion was about 8.5 mm depicting like a 

saddle pattern. When the aluminium alloy of 6056 

type was welded under TIG (Tungsten Inert Gas) 

welding, the welding was quite unlike saddle 

pattern under FSW(Yan Dong-yang et al, 2010).  

 

Fig.7. Distortion – TIG (Yan Dong-yang et al, 

2010) 

 

Conclusion: 

The effect and defects of friction stir welding 

(FSW) were studied. The parameters for FSW are 

found to be traverse speed, pin profile, axial load, 

angle tilt of tool, material under weld. Based on the 

above parameters various methods of production 

were involved for study of characteristics of the 

materials after FSW and there is a wide scope 

further for investigation of FSW by changing the 

methodology, materials, etc. In this study we 

observed from various papers that, 

Spindle speed is a predominant factor and proper 

selection of speed could give defect free high tensile 

strength welded joint. Higher spindle speed and 

lower transverse feed produces defect free weld 

joint. 

Lower spindle speed and transverse feed could give 

better weld joints for the ferrous materials. Grain 

size refinement at the stir zone increases the 

hardness and gives strength to the joints. Formation 

of intermettallic compound influences the welding 

strength and effectiveness of the joint. 

Proper Selection of tools and tool pin profile of the 

tool improves the quality of the weld joint. 

Especially square pin profile gives more strength 

and defect free weld joint. 

In this study we conclude that the optimized process 

parameters and selection lead to sound weld joints 

for various combinations of metals and non metals 
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