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Abstract 

Over the last twenty years Friction Stir Welding (FSW) has proven to be a very promising new joining technique. Especially 

high strength aluminium alloys can be welded with large advantages as compared to conventional fusion welding processes. 

Friction stir welding (FSW) of aluminium components using both fixed and variable gap bobbin tools has been demonstrated by 

several researchers, and reportedly these procedures were relatively easy to develop. Bobbin welds do not have an initial phase 

where the welding tool probe is plunged axially into the work piece as is done in conventional FSW. Bobbin welds are typically 

started by driving onto the edge of the plate or from a pre-drilled hole with an initially slow travel speed until plastic deformation 

starts, followed by acceleration of the travel speed to the final steady state value. The objective of current paper is to examine 

and summarize information for change in mechanical properties for bobbin tool friction stir welding (FSW) for joining materials. 

The findings presented, friction stir welding (FSW) with bobbin tool and parameter involved in it understand.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Friction stir welding (FSW) process was invented by Wayne Thomas et al. and patented by The Welding Institute (TWI) on 6th 

December 1991 [1]. This patent has since become one of the most widely referenced documents in welding and joining 

technology. The FSW process has become one major milestone in the welding technology history, especially in the joining of 

lightweight metallic structures [2]. Friction stir welding has been applied to many lightweight metals and alloys, for example 

aluminium, copper and zinc, magnesium, and titanium, with excellent results once the operational parameters have been 

optimized. Applications to non-lightweight metals, e.g. steel and stainless steel have also shown to be feasible, but are outside 

the scope of this chapter. Moreover, the FS welded structures can attain much appreciated spatial distribution of properties, 

unfeasible before its invention [2]. FSW has matured to the point where it is used in applications such as commercial and 

military aircraft where welding has never before been allowed. The ever growing list of FSW users includes Boeing, Airbus, 

Eclipse, BEA, Lockheed Martin, NASA, US Navy, Mitsubishi, and Kawasaki, Fokker as well as other industrial concerns 

throughout the world in transport structural applications [2]. 

 Friction Stir Welding Principle: 

FSW is a process for joining workpieces in the solid-phase, using an intermediate non-consumable tool, with a suitably profiled 

shoulder and probe, made of material that is harder than the workpiece material being welded. FSW can be regarded as an 

autogenous keyhole joining technique, essentially, without the creation of liquid metal [2]. The rotating tool is plunged into the 

weld joint and forced to traverse along the joint line, heating the abutting components by interfacial and internal friction, thus 

producing a weld joint by extruding, forging and stirring the materials from the workpieces in the vicinity of the tool. The basic 

principles of the process and some nomenclature are represented in Fig.1 [2]. 
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Fig. 1: Representation of the main parameters and nomenclature of FSW joints [2] 

Essentially, the shoulder and the probe thermo mechanical soften and then separate the material being processed by the 

passage of the probe through the material. The material flows around the probe and is then forge welded together at the trailing 

edge of the probe. This separation and welding together occur continuously by backfilling from the probe and 

compaction/containment from the shoulder. This transient separation/rewelding operation happen during and before the trailing 

edge of the shoulder moves away from the processed/weldtrack. The transient plasticized region immediately coalesces and 

forms a solid-phase bond as the tool moves away [2]. 

 Friction Stir Welding Tool Configuration: 

There are following two types of friction stir tool available [3]. 

1) Conventional tools  

2) self-reacting tools  

 

 Self-Reacting Tool 

1) Fix gap tool 

1) Fix gap bobbin tool 

2) Floating gap bobbin tool 

3) Double driven bobbin tool 

 Adaptive bobbin tool techniques 

 Self-Reacting Tool: 

Essentially there are two main types of self-reacting techniques one known as the fixed gap ‘bobbin tool’ and one known as the 

‘adaptive technique’ (AdAPT). A derivative of the fixed gap is the ‘floating bobbin’ tool a fixed gap tool that has been designed 

to float in the direction perpendicular to the workpiece. The bobbin techniques provide a fixed gap between two shoulders, while 

the adaptive technique enables adjustment of the gap between the shoulders during the welding operation [3]. The self-reacting 

principle of the bobbin technique means that the normal down force required by conventional FSW is reduced /eliminated. The 

reactive forces within the weld are contained between the bobbin shoulders (Fig. 2) [3]. 

 
Fig. 2: Bobbin tool showing self-contained reactive forces 
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 Floating Bobbin Fixed Gap Tool: 

It is self-positioning in the axis perpendicular to the workpiece. This means that the opposing reactive forces on the upper and 

lower tool shoulders are balanced. The bobbin tool operates within a sleeve which provides vertical guidance and the rotational 

drive via a keyway [3].The floating bobbin stir welding technique mitigates against root defects and eliminates the need of a 

backing bar. Typically, bobbin stir welding causes less distortion than conventional FSW due to a more balanced heat input. 

Moreover, the low welding forces in the Z axis may eliminate the need for heavy duty FSW machines and fixturing [3]. 

II. RESEARCH FINDINGS 

To know the Experimental Analysis carried out in the field of Friction stir welding, particularly for achieving better mechanical 

properties like tensile strength, hardness, bending strength, and fatigue strength etc. compere to conventional welding process. 

Before proceeding to actual research work, reviews of literature most related to parameters affecting such were discussed in this 

chapter. 

Pedro Vilaça et al. (2011) [2] have reported research on (1) The basic fundaments of the FSW technology. (2) The FSW 

tooling concepts and design solutions presented in this chapter are able to be selected in order to support any application 

concerning the welding of lightweight metallic structures. (3) Specification and qualification of welding procedures (4) The 

destructive tests and non-destructive testing technologies for quality assessment of the FSW joints have developed to a point 

where industry can rely on the results found. 

Wayne Thomas et al. (2010) [1] have studied research on Friction Technology – for the Aluminium Industries - from the 

perspective of discovery invention and innovation and form studied I have found some data  (1) For bobbin tool, two shoulders 

provide sufficient heat generation from both sides of the workpiece and the containment of reactive forces within the tool itself 

means that compressive deformation (Squashing) of the probe does not occur. (2) The fixed gap bobbin technique shows promise 

for welding 25 mm thick aluminium plate without the need for an axial down force. The instrumentation chart shown in figure 1 

provides clear evidence of the very low axial force, well balanced around the zero force datum line. (3) The hardness distribution 

across the transverse direction in the 25mm thick 6082-T6 aluminium weld is shown in Figure 2. The minimum hardness is 

located in the HAZ near the interface between the TMAZ and the HAZ. 

     

  
(1) (2) 

Fig. 3: (1) Instrumentation chart (2) Hardness survey mid-thickness in 25mm thick 6082-T6 aluminium weld 

Eládio Amaro Camacho Andrade et al.(2010) [4] have reported research paper on Development of the Bobbin-Tool for 

Friction Stir Welding- Characterization and analysis of aluminum alloy processed AA 6061-T4 and from study of research 

following conclusion (1) The gap between the Shoulders cannot be greater than the thickness of the sheets because of the 

difficulty of forging and waste of material.(2) It was proven increased productivity as the time to settle plates is reduced and the 

security of smaller differences in the joints, because the FSW Bobbin Tool are more likely to repeatedly under identical 

welds.(3) On Flyer Shoulder is recommended cooling because the overheating of the time and difficulty in welding to cool the 

same, since the convection cooling even with the fins is not sufficiently effective at operating temperatures of the tool was tested 

with a cooling liquid cooling and found major improvements in cooling of the tool and all the equipment, for even the adapter 

sleeve SFL Bobbin Tool suffered a higher thermal gradient on the spherically focused laterolog (SFL) Conventional and 

substantially improved the stability of the weld. 

Huijie Zhang et al. (2014) [5] have studied research paper on Microstructural characteristics and mechanical properties of 

bobbin tool friction stir welded 2A14-T6 aluminum alloy and based on analysis (1) At each welding speed, the hardness 

distributions are nearly the same in the three layers of the joint, indicating a homogeneity of mechanical properties in thickness 

direction of joints of the bobbin tool FSW. The occurrence of insufficiently stirred regions does not cause a significant variation 

in hardness distribution at the middle layer of weld nugget zone. (2) The tensile strength of bobbin tool FSW joint is firstly 

increased with the increase of welding speed, and then shows a sharp decrease at a high welding speed of 150 mm/min due to the 

occurrence of void defects. A maximum strength efficiency of 75% is achieved in this study.  
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J. Hilgert  et al.(2010) [6] have experimental analysis on Material Flow around a Bobbin Tool for FSW and from the study of 

The shear layer shape around FSW bobbin tools can be predicted using Comsol Multiphysicstm. The resulting shear layer shape 

is in good agreement with experimental evidence. The resulting forces on the tool can be predicted. When treating Aluminum as 

shear thinning liquid the highly nonlinear material model calls for a convergence parameter. 

III. FUTURE SCOPE 

For the manufacturing industry, FSW technology represents an opportunity for innovation; consequently, it has had the effect of 

spawning many patent applications from early adopters of the process. Bobbin tool FSW process is latest technology and using 

bobbin tool technology, it’s found there are excellent mechanical properties compare to other conventional welding processes.so, 

some findings for future prospects are listed below: 

1) Most of the researches reported are focused on conventional friction stir welding tool but not using bobbin tool FSW 

process. 

2) Limited studies have been reported for bobbin tool friction welding process and based on research found that three is 

excellent mechanical properties between joint areas of workpiece compare to conventional tool. 

3) Bobbin tool technology is new in FSW field so there is lots of growth of bobbin tool technology. 

IV. CONCLUSION 

1) The minimum hardness is located in the heat affected zone (HAZ) near the interface between the Thermomechanical 

affected zone (TMAZ) and the heat affected zone (HAZ). 

2) The fixed gap bobbin technique shows promise for welding 25 mm thick aluminium plate without the need for an axial 

down force. 

3) For bobbin tool, two shoulders provide sufficient heat generation from both sides of the workpiece and the containment of 

reactive forces within the tool itself means that compressive deformation (Squashing) of the probe does not occur. 

4) The tensile strength of bobbin tool FSW joint is firstly increased with the increase of welding speed, and then shows a sharp 

decrease at a high welding speed due to the occurrence of void defects. A maximum strength efficiency of 75% is achieved 

in this study. 
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