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Abstract 

In this work, a new tool geometry was designed which combines the geometry features of both conical and square pin profiled 
tool. The tool pin profile is made based on theory of inventive problem solving technique where the tool pin has four grooves on 
the conical pin. Effect of this tool design on mechanical properties of friction stir weldments of AA 2014-T6 aluminium alloy 
was studied. The process parameters were optimized using grey based Taguchi method. Experimental results have shown that 
optimal process parameters can be determined effectively so as to improve multiple weld quality characteristics through this 
approach. 
© 2017 Elsevier Ltd. All rights reserved. 
Selection and/or Peer-review under responsibility of International Conference on Emerging Trends in Materials and 
Manufacturing Engineering (IMME17). 
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1. Introduction 

AA2014 is a heat treatable aluminium alloy; possesses good combinations of high strength (especially at elevated 
temperatures), toughness and is widely used in aircraft primary structure, heavy-duty forgings, plate, extrusions for 
aircraft fittings, wheels, major structural components, space booster tankage, truck frame and suspension 
components [1]. However, this particular alloys hard to weld by fusion welding due to porosity formation, oxide 
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inclusions, hot cracking, hydrogen pick-up during melting and re-solidification process, and dendrite structure 
formed in fusion welding which can affect the weld properties seriously [2]. It is agree that the hardness in the weld 
zone (WZ) and heat affected zone (HAZ) of friction stir welded (FSW) joints is lower than the base metal which 
results in lower joint efficiency thereby failure at the WZ. To improve the joint efficiency as well as 
strength/mechanical properties newer, techniques/method/processes must require initiative steps. FSW is a relatively 
new solid state localized thermo-mechanical process which is used for butt and lap joints, and it is presently 
attracting considerable interest and has been extensively developed for alloys of Al, Mg, Cu, Ti, Steel as well as 
dissimilar materials. In the last two and half decade, significant developments have been achieved in FSW process 
concerning welding tools, shoulders and tool pin profiles. The tool design plays a vital role in material flow, 
temperature history, grain size, and mechanical properties in the FSW process. The plastic deformation and the 
frictional heating of the workpiece are necessary for friction stirring and are influenced by the FSW tool design [3]. 
The shoulder and pin diameter; tool pin profile and pin length; and shoulder pattern are critical parameters in 
determining the quality of welds [4]. The tool pin disrupts the contact surfaces of the workpieces to be welded, to 
shearing of the material in its front and movement of the material behind the tool. 

As far as FSW process is concern, the process is started from almost two and half decade ago. It is reported that 
the FSW technology is not yet fully developed, and it is anticipated that significant developments in tool design, tool 
materials, process control, etc., will continue [5]. TRIZ which is an acronym for the theory of inventive problem 
solving in Russian. TRIZ method is an effective tool, especially when used for solving problems of product/process 
development [6]. Following reported literature applied TRIZ methodology for product design problems: Total Knee 
Prosthesis [7], deburring tools for intersecting holes [8], metal seated ball valve mechanism [9], automotive 
headlight [10], CAD/CAM systems [11], automated manufacturing system [12], and friction stir welding 
process[13]. Concerning these literatures an attempt is made to employ TRIZ approach for the innovative solution to 
the FSW tool design and later with this FSW tool the microstructure and mechanical properties was studied using 
Taguchi’s orthogonal array design of experiment method. The TRIZ principle states that first transforms the 
ordinary problems into TRIZ problems, and then takes advantage of tools such as Inventive Principles, Standard 
Techniques to find the similar solution. The specific process is shown in Fig. 1. 

 
 
 
 
 
 
 
 
 

 
 

Fig. 1. TRIZ approach. 

2. Development of FSW tool pin geometry using classical TRIZ method 

Table 1 shows 39 TRIZ parameters which are concepts from numerous physical parameters of real-world 
problems. In the present work, the physical parameter of FSW tool is pin geometry, which is the single most 
influential parameter on the joint strength in comparison to other parameters such as pin height and pin diameter. 
The tool pin is mainly responsible for controlling the weld speed and deformation depth [4].  Also, its geometry 
influences the plasticized flow of material and joint performance [14–17]. So, the present situation may be stated as 
“The FSW tool pin profile needs to be modified such that joint strength will improve without affecting the hardness 
at the WZ.” This is a clear contradiction between the need for modification of the tool geometry. TRIZ contradiction 
analysis suggests solution guidelines for the given problem. In the TRIZ contradiction analysis, the real world 
solution strategies are classified into 40 solution principles [18]. The 39-by-39 contradiction matrix [19] for TRIZ 
analysis enlists solution principles for each combination of “feature to improve” from 39 rows and “worsening 
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