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Abstract- In this research the influence of friction stir welding tool pin profiles on the mechanical properties and 
microstructure of ZE-41 Mg alloy joint have been investigated. Two tool pin geometries i.e. straight cylindrical and threaded 
cylindrical with 18 mm diameter of shoulder, and 6 mm pin diameter made from high carbon steel (HCS) were used to 
prepare the weldments. The joints were welded using friction stir welding process at various tool rotational and traverse 
speeds. Tensile properties of the joints were evaluated. Metallurgical properties were investigated and correlated with 
mechanical properties of the joints. It has been found that threaded cylindrical pin geometry produced weld joints having 
maximum ultimate tensile strength compared with straight cylindrical pin. Fine grained microstructure was achieved with 
threaded cylindrical pin geometry. 
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I. INTRODUCTION 
 
Owing to higher strength to weight ratio, high creep 
resistance, high thermal conductivity, good machine 
ability, low density, magnesium alloys enjoy the 
status of unique engineering materials because of 
which they are used in variety of industries ranging 
from bicycle industry to industries like automobile 
and aviation industries [1]. It is an established fact 
that welding of magnesium alloys is difficult by 
conventional arc welding processes, because of its 
reactive nature, good thermal conductivity, low 
melting temperature and high shrinkage during 
heating and cooling. Friction stir welding (FSW) was 
originated at The Welding Institute (TWI), UK in 
1991 [2]. The schematic Diagram has been shown in 
Figure 1. FSW is capable of eliminating fusion 
welding problems as stated above. Due to cost 
effective and eco-friendly and versatile in nature and 
filler wire or shielding gas also not required, it is 
more suitable for joining of magnesium alloy [3]. Pan 
et al. [4] found that sound weld can be obtained using 
FSW operated at1000 rpm with a traverse speed of 
102 to 180 mm/min. Sevvel. P et al. [5] obtained 
defect free weld using pin geometry of tapered 
cylindrical at 3kN axial force along with superior 
mechanical properties. X. Cao et.al. [6] Investigated 
that UTS of the joints produced by FSW increased 
with enhancement in tool rpm. G. Singh et al. [7] 
reported that in friction stir welding process tool 
rotational speed is the most significant parameter 
amongst all other parameters. Experiments conducted 
by T. Sakthivel et al. [8] revealed that lower welding 
speed produced the higher tensile and impact strength 
of the weldments produced by FSW. Rose Razal et al. 
[9] concluded that ratio of tool rpm/weld speed is an 
important parameter in friction stir welding. Similar 

results have been reported by Abbasi Garacheh. et al. 
[10]. The effect of shoulder diameter  and welding 
process variables on UTS of friction stir welded AZ 
31 joints were studied by Commin L. et al. and 
Hossseini V.A. et al. [11, 12]. They found that tool 
rpm increases the tensile strength. From the literature 
it was found that little work on ZE 41 magnesium 
alloy is available. Therefore it was planned to 
investigate the influence of tool pin geometry on 
mechanical and metallurgical behavior of FSW joints. 
Various tools having straight cylindrical and threaded 
cylindrical pin shapes have been studied in this 
research work.  

 
Fig. 1. Friction Stir welding Process 

 
II. DETAILS EXPERIMENTAL 
 
2.1 Materials and Procedures 
2.1.1 Material used 
Magnesium alloy ZE-41plates having 300 x 75 x 6 
mm, length width and plate thickness respectively 
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were used in this investigation. The chemistry and 
material properties of the magnesium alloy ZE-41 are 
presented in Table1 and Table 2 respectively.  

 
Table 1: Chemistry of the base material 

 
  

Table 2: Material properties of base metal ZE-41 Mg alloy 

 
 
2.1.2 Machine used 
A computer numerical control (CNC) friction stir 
welding machine manufactured by R.V. Machine 
Tools India having maximum spindle power of 12 
kW, maximum rotational speed of 3000 rpm and 
maximum axial force of 25kN was used to prepare 
the weldments. 03 tensile test coupons were sliced 
from the centre of each joint. 
2.1.3 Tool pin geometry used 
In this research two pins having straight cylindrical 
and threaded cylindrical geometries as shown in 
Figure 2,  having shoulder and pin diameter of 18 mm 
and 6 mm respectively, made from high carbon steel 
were used to weld the joints. 

 
Fig. 2. Straight cylindrical and threaded cylindrical tool pin 

profiles used 
2.1.4 Welding procedure 
The plates to be joined were positioned in the fixture 
and clamped properly. Welding parameters were 
selected. The parameters used have been recorded in 
Table 4. After joining the plates, 3 specimens from 
each joint were removed in accordance with ASTM 
E8M-04 for tensile testing. 

Table 4: Details of FSW parameters 

 

Another specimen was removed for micro hardness 
survey and metallurgical investigations. Tensile test 
were conducted with a load of 50 KN on an computer 
controlled ‘Universal testing machine’ (Make Tinius 
Olsen Ltd. England Model: H50KS). Figure 3 (a, b) 
shows the tensile test pieces before and after the 
tensile testing respectively. The micro-hardness 
testing was performed on Vickers micro hardness 
testing machine (SHIMADZU, Japan; HMV-2T) 
across the weld nugget under 0.49 N load for 20 
seconds. The metallurgical investigation was 
performed on prepared specimens using various 
emery papers having different grades. An etchant 
made of citric acid 10 gm and 90 ml water was used 
to reveal welded microstructure. Micro structural 
analysis were carried out by using light optical 
microscope; (Make Leica Model: DM-4000M) 
incorporated with image analyzing software and 
scanning electron microscope (Make Carl Zeiss 
Germany Model: Ultra plus 55). The microstructure 
and grain size has a profound effect on tensile 
strength, micro hardness of the joins. Therefore study 
of micro structure and grain size is essential. The 
microstructure of stir zone captured has been shown 
in Figure 4 (a, b).  

 
Fig. 3. (a) Tensile specimen before testing 

 
Fig. 3. (b) Tensile specimens after testing. 
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III. RESULTS AND DISCUSSION 
 
3.1 Tensile properties 
The tensile strength, joint efficiency and micro 
hardness of stir zone obtained with Straight 
cylindrical (SC) and Threaded cylindrical (THC) tool 
pin profiles have been recorded in Table 5. It is 
observed that UTS of the joints increases with 
increase in tool rpm with both types of pins. It is due 
to the fact that increase in tool rotational enhances 
mixing of the material at stir zone. Similar results 
have been reported by Li W.Y. [13]. 
 
The tensile strength achieved is 132 and 140 MPa at 
1200 rpm and 1400 rpm respectively using straight 
cylindrical pin. Similarly the tensile strength achieved 
is 142 and 145 MPa at 1200 and 1400 rpm 
respectively using threaded cylindrical pin profile. 
The increase in tensile strength with threaded 
cylindrical pin may be attributed to the fact that heat 
produced with threaded cylindrical pin is higher than 
straight cylindrical. These observations are in good 
conformity with the findings of Nikul Patel et al. 
[14]. 

 
Table 5.  Effects of FSW tool pin profiles on joint properties. 

 
 
Higher heat input increase flow of plasticized 
material due to which material transferred to 
retreating side from advancing as a result uniform 
bonding of material in stir zone. Due to above reasons 
joint efficiency is more with treaded cylindrical pin  
as compared with straight cylindrical pin profile. 
 
3.3 Microstructure 
The micrographs of stir zone produced by threaded 
cylindrical tool pin geometry and straight cylindrical 
tool pin geometry have been given in Fig. 4 (a) and 
(b).  
Due to fine grain size up to 4µm in stir zone produced 
by threaded cylindrical tool pin geometry and 
because of good stirring action, the mechanical 
behavior of the welds are superior in comparison with 
weld produced using straight cylindrical tool pin. The 
coarse grained microstructure was achieved using 
straight cylindrical pin hence less UTS of the joints.  

 
Fig.4. (a) Stir zone microstructure produced by threaded 

cylindrical pin profile. 

 
Fig.4. (b) Stir zone microstructure fabricated by straight 

cylindrical tool pin geometry. 
 
3.4 Micro hardness survey 
Fig. 5 shows the micro hardness survey of the 
weldment produced using threaded cylindrical and 
straight cylindrical pin profiles. It is very clear from 
the figure that micro handedness obtained is 236 and 
251HV with straight cylindrical and threaded 
cylindrical pins respectively, which is more as 
compared with base material. Grain refinement in stir 
zone is responsible for increased hardness. 

 
Fig.5. Micro hardness survey of the joints with Threaded 

cylindrical and Straight cylindrical pins 
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CONCLUSIONS 
 
1. Both the pin profiles used are capable of 
producing sound weld joints. 
2. The pin having threaded cylindrical 
geometry produced higher tensile strength of the 
joints. 
3. Higher Tensile properties achieved with 
increase in tool rpm. 
4. Fine grained microstructure is achieved with 
tool pin geometry having threaded cylindrical. 
5. Tool rotational speed has a profound effect 
on material flow in the stir zone responsible for grain 
refinement resulting increased tensile strength. 
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