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Abstract— Friction welding (FW) is a technique that utilizes a non-
consumable welding tool to generate frictional heat and plastic 
deformation at the welding location, there by affecting the formation 
of a joint while the material is in solid state. The principal advantage 
of frictional welding, being a solid state process, low distortion, 
absence of melt-related defects and high joint strength, even in those 
alloys that are that are considered non-weldable by conventional 
welding techniques. Furthermore, friction welded joints are 
characterized by the absence of filler-induced problems or defects, 
since the technique requires no filler, and by the low hydrogen 
contents in the joints, an important consideration in welding steel 
and other alloys susceptible to hydrogen damage. This document 
reviews some of the FW work performed to date, presents a brief 
account of mechanical testing of welded joints, tackles the issue of 
generating joint allowable, and offers some remarks and observation. 
The overall aim of this study is to get the optimum parameters for the 
materials under considerations, to investigate the Heated Affected 
Zone (HAZ), Thermo – Mechanical Affected Zone (TMAZ) and Weld 
Nugget (WN) besides to study the defects occurring during welding 
process by applying different parameters chosen. The welding 
process was done by using conventional milling machine. Three 
experiments being used are the Tensile Testing, Optical Microscopy 
(OM) and Electron Scanning Microscopy (SEM) to get the strength of 
the joint and the metallographic studies. The observations noticed 
during the analysis are at higher speed and lower tool plunge length, 
the joint strength decreased due to lack of bonding between 
aluminium and steel. 
 
 Keywords: Friction welding (FW), Heated Affected Zone (HAZ), 
Thermo – Mechanical Affected Zone (TMAZ) and Weld Nugget 
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1. INTRODUCTION 

The development of new welding tool materials and 
geometries has made it possible to join materials such as steel 
and aluminum in the laboratory environment and in a limited 
number of production applications. In FSW, of steel it has 
been shown that the lower welding temperature can lead to 
very low distortion and unique joint properties. FSW of steel 
is an area of active research, so it is reasonable to expect other 
production applications to emerge over time. A very attractive 

application is FSW of steel plate for ship building 
applications, based primarily on the reduction of welding 
distortion, but the development of low-cost welding 
equipment and more robust welding tool materials is required 
before this application can be exploited. The basic concept of 
FSW is remarkably simple. A non-consumable rotating tool 
with a specially designed pin and shoulder is inserted into the 
abutting edges of sheets or plates to be joined and traversed 
along the line of joint .The tool serves two primary functions: 
(a) heating of workpiece, and (b) movement of material to 
produce the joint. The heating is accomplished by friction 
between the tool and the workpiece and plastic deformation of 
workpiece. The localized heating softens the material around 
the pin and combination of tool rotation and translation leads 
to movement of material from the front of the pin to the back 
of the pin. As a result of this process a joint is produced in 
‘solid state’. Generated heat and mechanical work results 
different welding zone in FSW compared with fusion methods 
At first P.L. Threadgill as a first one divided this into four 
different zones: Parent metal (PM): where material not 
deformed, also may be subjected to thermal cycles but there is 
no micro-structural or mechanical change. 

 

Fig. 1 
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3. RESULTS AND DISCUSSION 

No exterior defect on the surface of all the joints is observed. 
However, the surface cracks are partially observed on the top 
surface for conditions 1250 rpm and 150 mm/min and fully 
along the weld line for conditions 1500 rpm and 180 mm/min. 
Fig. 3 shows the cross-sectional macrostructures of near the 
welds with various welding conditions. The welds show wider 
the upper surface than the lower surface because the upper 
surface experienced an extreme deformation and frictional 
heat caused by contacting weld specimens with a cylindrical 
tool shoulder. The shape of the weld zone is mostly like wine 
cup.  

 

Fig. 3: Macro structural view of the welded zone 

The weld itself forms a consolidated nugget of fine grained, 
fully recrystallised material, and this is surrounded by a 
thermo mechanically affected zone (TMAZ) which normally 
has a significantly different microstructure. Further away from 
the weld is a heat affected zone (HAZ), with the unaffected 
base metal on the outside. In the specimen, the distance from 
the nugget to the base metal is about 15 mm. Three zones were 
analysed using automated EBSD – the advancing zone (where 
the motion and rotation direction of the tool are in the same 
direction), the retreating zone (where the rotation direction is 
opposite to the tool movement) and the nugget itself. 

 

Fig. 3: SEM image 

The HAZ surrounds the TMAZ on both shoulders. The HAZ 
is believed to be unaffected by any mechanical effects; only 
thermal caused by the heat generated by the friction effect 
associated by the shoulder and tool pin rotation 

 

Fig. 5: Optical micrograph of the Al alloy 

4. CONCLUSION 

Friction stir welding has immensely high potential in the field 
of thermo mechanical processing of various alloys especially 
the aluminum alloys. From the present experimental 
investigation the following conclusions are derived: 

1. Base metal Al 6061was found to exhibit the best 
characteristics for Friction Stir Welding. 

2. . Tool material found to withstand for base metal without 
tool breakage. And also found that this tool material is 
amenable for friction stir welding with different tool 
profiles. 

3.  It is found that taper screw thread pin tool facilitates the 
stirring action from the tip to the collar and avoid the 
turbulence compared to cylindrical threaded tool, there by 
this tool profile is effective for getting defect free welds. 

4. The micro hardness profiles (Hv) appear uniform for the 
plates joined using the lower rotating speed (630 rpm) and 
the lower welding speed (115mm/min). 

5.  Increase in tool rotation speed causes more heat input 
which, in turn, enlarges the TMAZ and HAZ 
consequently, results in low tensile strength. However, 
increasing the weld speed reduces the heat input resulting 
in smaller TMAZ and HAZ which leads to greater tensile 
strength. 
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