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Abstract: 

 Friction Stir Weld ing (FSW) has recently become an effective micro structural modificat ions technique. Reported results showe d that 

for different alloys, FSW produces very fine equiaxed and homogeneous grain structure. FSW is considered to be a new processing 

technique and more experimental and analytical investigations are needed to advance the industrial utilization of FSW. Most o f the 

work that has been done in the friction stir weld ing field is experimental and limited modeling activit ies have been conducted. In this 

work, commercial 1100 and 6061-T6 Aluminum alloy sheets are friction stir weld ing at different rotational and translational speeds. 

The effects of process parameters on the resulting microstructure and mechanical properties are investigated. The results show that 

straight cylindrical pin profiled tool give better mechanical properties of the two pin profiles used in this investigation t o fabricate the 

joints. The micro hardness increases with increasing the speed of tool. Mostly values of high micro  hardness are obtained by using the 

straight cylindrical pin profile tool than the square thread pin profile tool. The tool pin profile and tool rotational speed  are having 

influence on tensile properties of the FSW joints. Out of two pin profile used to fabricate the joints, straight cylindrical pin  profile 

exhibited superior tensile properties compared to other joints. The jo ints fabricated at the rotational speed of 2100 rpm wit h straight 

cylindrical p in profile have shown higher yield strength, tensile strength, young’s modulus and elongation compared to the joints 

fabricated at a rotational speed of 1400 rpm with straight cylindrical pin p rofile.  
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1. INTRODUCTION 

Friction stir devised in 1991 at The Welding Institute (TWI), is 

a solid-state joining process. A third body tool is used to join 

two          facing surfaces. Heat is generated among tool and 

material which fo rms a very soft region near the FSW tool. 

Mechanically it intermixes the metal piece at the joint. Then the 

softened material jo ined by applying the mechanical pressure 

which is supplied by the tool. A rotating non consumable 

cylindrical-shouldered tool fed at a constant rate into a butt joint 

between two clamped plates. The probe or pin of the tool is 

slightly shorter than the weld depth required.
 
Frictional heat is 

produced between the wear-resistant welding components and 

the work pieces. This heat, along with that generated by the 

mechanical mixing process and the adiabatic heat within the 

material, cause the stirred materials to get soft and that too 

without melt ing. While moving the pin forward a special profile 

on its leading face forces plasticized material to the rear where 

clamping force helps in a forged consolidation of the weld. This 

tool traversing process along the weld line in a p lasticized 

tubular shaft of metal causes severe solid state deformation 

consisting of dynamic recrystallizat ion of the base material. The 

solid-state nature of the FSW process along with its unusual tool 

and asymmetric nature, results in a highly characteristic 

microstructure. 

2. PRINCIPLE OF OPERATION  

FSW is Friction stir welding is a variant of friction welding that 

produces a weld between two work pieces by heating and 

plastic displacement caused by a rapidly rotating tool that 

traverse the weld joint. Heating is done by both frictional 

rubbing between the tool and the work pieces and by visco-

plastic dissipation of the deforming material at high strain rates. 

Friction stir weld ing uses a non consumable, rotating weld ing 

tool to create heat locally. A common tool design is the shape of 

a rod with concave area with a pin, coaxial with the axis of 

rotation. The work pieces are rigidly clamped and are supported 

by a backing plate, or anvil, that bears the load form the tool and 

constrains deformation of the material at the backside of the 

joint.  

 

 

Figure 1: Friction Stir Welding  

 

Various zones of Frict ion Stir Welds: The solid-state nature of 

the FSW process, combined with its unusual tool and 

asymmetric nature, results in a highly characteristic 

microstructure. Some regions are common to all forms of 

weld ing some are unique to the    technique. Figure 2 shows the 

various regions formed in frict ion stir welded jo ints. 

 

1) Unaffected Material or Parent Metal (A): This is material 

remote from the weld, which has not been deformed, and 

which although it may have experienced a thermal cycle 

from the weld is not affected by the heat in terms of 

microstructure or mechanical properties. 

 

2) Heat-Affected Zone (HAZ) (B): It is common to all 

weld ing processes. As indicated by the name, this region is 
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subjected to a thermal cycle but is not deformed during 

weld ing. The temperatures are lower than those in the 

TMAZ but may still have a significant effect if the 

microstructure is thermally unstable. In fact, in age-

hardened alumin ium alloys this region commonly exh ibits 

the poorest mechanical propert ies. 

 

3) Thermo-Mechanically Affected Zone (TMAZ) (C): it  

occurs on either side of the stir zone. In this region the 

strain and temperature are lower and the effect of welding 

on the microstructure is correspondingly smaller. Unlike 

the stir zone the microstructure is recognizably that of the 

parent material, albeit significantly deformed and rotated. 

Although the term TMAZ technically refers to the entire 

deformed region it is often used to describe any region not 

already covered by the terms stir zone and flow arm.  

 

4)   Stir Zone (Also Nugget, Dynamically Recrystallized 

Zone) (D): it is a region of heavily deformed material that 

roughly corresponds to the location of the pin during 

weld ing. The grains within the stir zone are roughly 

equiaxed and often an order of magnitude smaller than the 

grains in the parent material.  

Flow Arm: is on the upper surface of the weld and consists of 

material that is dragged by the shoulder from the retreating side 

of the weld, around the rear of the tool, and deposited on the 

advancing side. A unique feature of the stir zone is the common 

occurrence of several concentric rings which has been referred 

to as an ‘onion-ring’ structure as shown in Figure 2. The precise 

origin of these rings has not been firmly established, although 

variations in particle number density, grain size and texture 

have all been suggested. 

 

 

Figure 2: Welding Zones 

 

3. EXPERIMENTAL PROCEDURE 

Different grades aluminums alloys are used as experimental 

work i.e. AA1100 and AA6061-T6.Specifications of 

materials are following. Two aluminum alloys are used as a 

work piece material in the form of two plates .The size of 

work p iece materials of AA1100 and AA6061- T6 are 

given in Table 1below: The chemical composition of two 

aluminum alloys of AA1100 and AA6061- T6 checked by 

Glow discharge spectrometer at CTR, Ludhiana and 

percentage of various elements are given in the Table 1 and 2 

respectively. High speed steel welding tool is used for FSW. 

 

     Table 1: S pecifications of Work Piece Materials 

 

Specification Values of S-1  Values of S-1  

Material Aluminium Aluminium 
Grade AA1100 AA6061-T6 
Length 150 mm 150 mm 
Width 60 mm 60 mm 
Thickness 6 mm 6 mm 

   

  Table 2: Chemical Composition of AA1100 

 

Elements        Percentage  
AL 98.87 
CU 0.05 

SI+Fe 0.27 
Mn 0.65 

Zn 0.05 
Others total 0.11 

 

Table 3: Chemical Compositions of AA6061–T6 
 

Elements                   Percentage  

AL 98.70 
Fe 0.43 

CU 0.04 
Mn 0.55 
Zn 0.06 

Others total 0.22 

 

Different pin profiles tools are used for welding process these 

are square thread (ST) and straight cylindrical (SC) are shown 

in fig. 3. High speed steel used for make the shank and shoulder 

of the tool and high carbon steel used for make the p in profile of 

the tool.  

Dimension of tools are given in the Table 4. 

 

 

 

 

 

 

 

 

 

 

 
         Figure 3: Different pin profiles tools  

 

Table 4: Specification of Welding Tool 

Specification Values  
Tool material for shank,  

shoulder and pin profile  

HSS and HCS 

Hardness for shank,  

shoulder and pin profile  

60 HRC and 56 HRC 

Shank diameter 12 mm 

Shoulder diameter 10 mm 

Pin diameter 4 mm 

Pin length 5.7 mm 

   
Micro hardness test was conducted by Microvicker hardness 

Tester at Guru Nanak Dev Engineering College (GNDEC), 

Ludhiana. Po lishing machine was used to make the mirror like 

shape of work pieces. Microstructure was checked by optical 

microscopy machine at Guru Nanak Dev Engineering College 

(GNDEC), Ludhiana. Tensile testing was done on Universal 

Testing Machine at GGI Khanna Ludhiana. CNC milling 
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mach ine was used to fabricate the joints at the production 

department of Central Tool Room (CTR) Ludhiana. Computer 

numerical control (CNC) is an NC system that utilizes a 

dedicated stored program to perform some or all of the basic 

numerical control functions. Specially designed fixture was 

used for holding the work pieces tightly to fabricate the joints of 

two aluminium alloy plates and also avoid the vibrations and 

misalignment during the process.  

 
4. RES ULT AND DISCUSS ION: Micro hardness test were 

conducted by Microvicker Hardness Tester. The constant 

load was used for a time period of 15sec. Micro Hardness 

of Base Materials of AA1100 and AA6061 -T6 before the 

experiment checked by Microvicker Hardness Tester. The 

table 5 (before the experiment) & 6 (after the experiment) 

shows the values of specimen micro hardness  and Fig 4 shows 

the variation of micro hardness of different specimen  

according to that value respectively. 

 

Table 5: Micro Hardness Values of Base Materials 

Specimen no. Type of material Micro harness (HV 0.2) 

S-1 AA1100 80.5 

S-2 AA 6061 T-6 48.5 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 4: Variation of Micro Hardness of Base Materials 

 

After the welding of twelve pieces in the form of butt joint  

by friction stir welding, micro hardness of welding joints of 

Friction Stir Processed (FSP) Zone checked. Values of micro  

hardness are given below: 

Table 6: Micro Hardness Values Froms-S-1 to S-12 after the 

Experiment 

 

Specimen 

no 

Tool pin 

profile  

Speed  

(rpm) 

Feed 

(mm/min) 

Micro 

hardness(HV 

0.2) 

S-1 SC 1400 45 40.5 

S-2 ST 1400 45 39 

S-3 SC 1600 45 42 

S-4 ST 1600 45 40 

S-5 SC 1800 50 48.5 

S-6 ST 1800 50 38.5 

S-7 SC 1900 50 50.5 

S-8 ST 1900 50 39.5 

S-9 SC 2000 40 48.5 

S-10 ST 2000 40 43 

S-11 SC 2100 40 53 

S-12 ST 2100 40 44.5 

 
 

Result shows that the micro hardness increases with 

increasing the speed of tool. Micro hardness of S-1 with 

speed 1400rpm, SC pin profile  and feed 45 mm/min higher 

value than the S-2 with same speed, feed but ST pin profile. 

Similarly micro  hardness from specimen S-3 to S-8 increases 

with increases the speed, feed with SC pin profile than ST pin 

profile with same parameters. But the value of the specimen 

S-9 to S-10 is decreases with speed 2000 rpm, SC pin 

profile and feed 40 mm/min than previous parameters. 

When the speed increases from 2000 to 2100 rpm with same 

feed, SC pin profile then micro hardness of specimen S- 11 is 

mostly higher than others. There for values of high micro 

hardness are obtained by using the straight cylindrical pin 

profile with increases the speed than the square thread pin 

profile tool with same speed. The results of tensile test of the 

specimen are as shown in fig.5, fig.6 and fig.7.  

 

 
Figure. 5 Variation of ul timate yield strength 

 

 

 
Figure. 6 Variation of ul timate tensile strength 
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Figure. 7 Variation of young’s modulus  

Transverse tensile properties of FSW such as yield strength, 

tensile strength, young
’
s modulus, and percentage 

elongation were evaluated. From the figures, it can be 

inferred that the tool pin profile, tool rotational speed and 

weld ing speed are having influence on tensile properties of 

the FSW joints. As rotational speed increased, the heat input 

per unit length of the joint increased, resulting inferior 

tensile properties due to rise in temperature, which increases 

grain growth. Microstructure test was checked by optical 

microscopy machine at Guru  Nanak Dev Engineering  

College (GNDEC), Ludhiana. Microstructures  a re  shown 

in Fig 8 b. For this observation pieces were polished with the 

help of water papers with different grades (P-400,P-600,P-

800,P-10000,P- 1200,P-1500,P-2000) by polishing 

machine. After this to obtain the mirror like shape 

diamond paste and hyfan fluid was used. Then these pieces 

were etched in the etchent (hudro flouric acid) to obtain 

the grains in the pieces. 

 
Figure. 8 Effect of tool profiles on microstructure  

 

Effect of tool profiles as shown in fig.8 on microstructure of 

FSP zone with different speed (a) 1400 rpm with SC (b) 

1400 rpm with ST (c) 2100 rpm with SC (d) 2100 rpm with 

ST. The microstructural behavior of AA1100 and AA6061-T6 

alumin ium alloy joined by friction stir welding was studied at 

the FSP zone with different speed and tool pin. A strong 

difference in grain size and distribution was observed for 

different ranges of speed, feed and tool. The microstructure 

appears recrystallized but not so uniform because of the 

different temperature and true strain reached during 

deformation at lower speeds. By increasing the travel speed 

the nugget microstructure appears more fine and uniform. 

Grain size decreases with increasing weld ing speed. Macro 

structure observations showed that the joints fabricated at 

lower welding speeds more coarse than the joint fabricated at 

higher welding speed. 

5. CONCLUS ION 

From above investigation, the following important 

conclusions are derived: 

I. Straight cylindrical pin  profiled tool g ive better mechanical 

properties of the two pin profiles used in this investigation to 

fabricate the jo ints. 

II.   The micro hardness increases with increasing the speed of tool. 

Mostly values of high micro hardness are obtained by using the 

straight cylindrical pin profile tool than the square thread pin 

profile tool. 

III.  The tool pin profile and tool rotational speed are having 

influence on tensile properties of the FSW joints. Out of two pin  

profile used to fabricate the joints, straight cylindrical pin  

profile exh ibited superior tensile propert ies compared to other 

joints. The joints fabricated at the rotational speed of 2100 rpm 

with straight cylindrical pin profile have shown higher yield  

strength, tensile strength, young’s modulus and elongation 

compared to the joints fabricated at a rotational speed of 1400 

rpm with straight cylindrical pin profile. This is because at 

higher rotational speed the frictional heat generated is higher.  

IV.  A strong difference in grain size and distribution was observed 

for different ranges of speed, feed and tool. The microstructure 

appears recrystallized but nor so uniform because of the 

different temperature and true strain reached during deformat ion 

at lower speeds. By increasing the travel speed the nugget 

microstructure appears more fine and uniform. Grain size 

decreases with increasing welding speed. Macro structure 

observations showed that the joints fabricated at lower weld ing 

speeds less fine than the joint fabricated at higher welding speed 

and also shows that microstructure obtained with the straight 

cylindrical pin profile at welding speed 2100 rpm and feed 45 

mm/min more fine grain structure than the square thread pin 

profile. 
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