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ABSTRACT 
  

 1. Introduction 

 Friction Stir Welding (FSW) is a relatively new and attractive technique to the 

scientific world, which in recent years has generated high interest among industrial 

applicators, especially those in the fields of naval, aviation / aerospace and land transport. 

There are numerous applications that need continuous long lengths welded joints (2 ÷ 

15m). Especially for this reason, real-time monitoring of the FSW welding process is 

extremely useful.  

 Worldwide, complex systems are increasingly used that ensure process monitoring 

by controlling the forces, which develop during the welding process. 

 Recent research has shown that infrared thermography technique can also be a 

viable solution for monitoring automated welding processes. 

 The report presents the concerns and results obtained by the authors in programs 

on experimental analysis and substantiation of practical opportunities for real-time 

monitoring of the FSW process, by measuring the electric current consumption of the 

whole FSW equipment, respectively of the driving modules (actuators or motors).  

 

2. Technical characteristics of the FSW process  

 The welding process is purely mechanical and requires mainly three movements of 

the FSW welding tool, provided by three actuators (Figure 1).  

                                      

Figure 1. Principle of the friction stir welding (FSW) process 
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M1 provides vertical movement of the FSW welding tool, pin penetration into the 

welding materials and pressing force FZ of the tool shoulder on the materials to be welded; 

M2 provides rotation movement of the FSW tool, with the pre-set rotational speed; 

M3 provides travel movement of the FSW tool with the pre-set speed, related to the 

welding materials (provides the welding speed).  

 ISIM Timisoara has a specialized equipment for friction stir welding (FSW), as an 

experimental model, developed by means of a collaboration. 

 The FSW equipment, type 4 kW-10 kN, is shown in the Figure 2. It has the following 

structure: motor M3 (1), motor M1 (2), mechanical parts of the FSW welding machine (3), 

welding materials (4), FSW tool (5), motor M2 (6), electrical actuation and control system 

of the FSW machine (7), multi-meter, type UT70B (8), computer for data acquisition,  

respectively for recording the measurements (9 ), computer monitor (10).  

 The equipment has the following main technical features: welding speed, adjustable 

in the range: 60 - 480 mm / min; rotational speed of the FSW tool, adjustable in the range: 

300 - 1450 rev / min; welding stroke: 1000 mm; three actuators (M1 – 0.75 kW; M2 - 4 kW; 

M3 - 2.2 kW). 

 

 Figure 2. Equipment type FSW-4kW-10kN for friction stir welding 
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 On the specialized FSW equipment of ISIM Timisoara several experiment programs 

were conducted. The following welding materials have been used: aluminum alloy EN AW 

6082-T651, sheet thickness g1 = 6 mm; aluminum alloy EN AW 7075-T651, sheet 

thickness g2 = 5 mm; austenitic stainless steel AISI 304L, sheet thickness g3 = 3 mm.  

 

 a. Analysis of the behavior in operation of the motor M1 for vertical movement 

 The recorded values in the main moments of process have been analysed, namely: 

M1 motor starting command; contact of tool pin to welding materials; contact of tool 

shoulder to welding materials (vertical displacement of the tool to obtain the optimum 

position of the shoulder relative to the welding materials). Electric current variations over 

time were small.  

 

 b. Analysis of the behavior in operation of the motor M2 for rotating the FSW tool 

 For example, the Figure 3 presents the measured consumption variation of the 

motor M2, by the FSW welding of aluminum alloy EN AW6082, sheet thickness g = 6 mm. 

 There have been quite large variations of the measurement values, especially in the 

examined sequences (except during the actual welding process). In this case, these 

variations fall within the range 6.3 ÷ 10 A. 

 

  

Figure 3. Electric current consumption evolution measured by the motor M2 
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The results show that the FSW process can be monitored using the welding 

parameters (tool geometry, rotational and welding speeds), which can be determined and 

optimized experimentally for various grades and thickness of materials. 

 

c. Analysis of the behavior in operation of the motor M3 for the welding speed 

The present worm gear (with the reduction ratio i = 1/36) resulted in a stable value 

of the electric current consumed by the motor M3 (≈3 A). Thus, monitoring is not possible.  

 

  3. Ecological characteristics of the FSW process 

 According to the literature, friction stir welding (FSW) has the essential ecological 

advantages to completely eliminate the toxic emissions of particles of the welding fumes 

and noxious gases: carbon dioxide, carbon monoxide, nitrogen oxides, and so on. The 

FSW process has zero emissions level. In addition, it has no argon recesses, nor 

ultraviolet radiation, and the noise level is below the exposure limits.  

  

4. Measuring the vertical press force of the FSW tool 

Based on the cinematic scheme of the friction stir welding (FSW) machine, a 

principle scheme has been elaborated for measuring the vertical press force of the FSW 

tool onto the base materials, for the range 0-20 kN.  

 

 5. Analysis of new FSW technologies 

 An analysis of new variants of recently developed friction stir welding (FSW) 

technologies was conducted. Numerous works tackle the friction stir spot welding (FSSW),  

FSW plating, FSW of materials difficult to weld, FSW of dissimilar materials, constructive 

solutions of welding equipment for all these process variants. There are also industrial 

applications thereof.  

 Friction stir spot welding (FSSW) is a solid state process that allows the joining of 

two or more overlapped sheets. Friction surfacing (FS) is a solid state technology with 

growing applications in the context of surface engineering.  

 

 6. Conclusions 

 The FSW equipment of the endowment of ISIM Timisoara has the rated thrust force 

of 10 kN, needed to press the FSW tool onto the parts to be welded. The main actuator 
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power for rotating the FSW tool is 4 kW and the rated rotating speed is 1,500 rev / min. 

 The experimental assessment of the optimal electric current consumption values in 

the main sequences of the process related to the grade and thickness of the welding 

materials makes these values become potential key parameters for the FSW process.  

 Friction stir welding (FSW) process is both health and environment friendly due to 

its properties: zero emissions of greenhouse, toxic or dangerous gases and harmful 

particles; no ultraviolet and infrared radiation; no shielding gas (argon or carbon dioxide). 

 There are new variants of friction stir welding (FSW) technologies, recently 

developed: friction stir spot welding (FSSW), FSW plating, FSW of materials difficult to 

weld,   dissimilar FSW.  

 


