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Abstract— The aim of present study is to analyze the effect 

of mechanical properties of friction stir welded butt joint of 

6061 aluminium alloy plates in 5 mm thickness. With this 

aim, welds are produced using high carbon steel tool, having 

cylindrical pin of 6 mm diameter and shoulder of 20 mm 

diameter.  Vicker’s Micro hardness tests are done in 

transverse direction of weld to check the hardness 

distribution in weld nugget. Transverse tensile tests are 

performed to evaluate the weakest portion of weld joints and 

transverse impact tests are performed to evaluate the 

toughness of the weld. 
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I. INTRODUCTION 

Friction-stir welding (FSW) is a solid-state welding process. 

In this process the material being welded is not melted and 

recast as in case of conventional fusion welding processes 

but plastically deformed, extruded and forged to form weld 

joint at temperatures below melting point [1-2]. In FSW a 

rotating tool with a shoulder and a specially designed pin, 

moves along the adjacent edges of two rigidly clamped 

plates placed on a clamping device (Fig. 1). The localized 

heat is produced by friction at the shoulder and softens the 

material around the pin [5]. 

This plasticized soft material is transferred from the 

front of the tool to the trailing edge due to rotation and 

translation of the tool where it is forged to make a sound 

weld joint [3]. 

II. EXPERIMENTAL SETUP 

The dimension of aluminium plates are 200 mm length, 50 

mm width and 5 mm thickness. High carbon steel tool 

having shoulder diameter of 20 mm and pin diameter of 5 

mm is used. Details of Tool are given in Table 1. Nine 

welding sets are taken for design of 2 variables (Welding 

speed and Rotary Speed) and three levels for welding of 

aluminium alloy plates as given in Table 2. 

III. WELDING 

Prior to welding, joint preparation are used by machining, 

grinding and cleaning of the surfaces to be weld. The plates 

were clamped tightly against each other with adjacent edges 

butted together. The clamp is mounted on the lathe bed 

carriage and the tool is clamped on the lathe chuck.  The 

feed is given to the work piece and rotational speed to the 

tool. 

The axial plunge depth was manually controlled by 

visual inspection. Initially conducted the trial welds with 

bead on plate using different welding parameters to set a 

range of suitable welding parameters for our final welds. 

 
Fig. 1: Schematic diagram of friction stir welding [4] 

IV. SAMPLE PREPARATION 

The welded pieces were cut in transverse direction for micro 

structural and mechanical characterization.  After cutting the 

samples, the samples were polished with different grade of 

emery papers 200-200 Grit SiC paper 

V. HARDNESS MEASUREMENTS 

Vicker’s micro hardness tester is used to measure the micro 

hardness of welded samples. The hardness is measured 

along the transverse direction of the weld in centre of 

thickness. Indentation force used is 100 gmf and indentation 

time is 10 seconds, step size used is 1 mm (as per ASTM 

E384-89). 

Tool Material-Highcarbon Steel Shoulder 

diameter (D)- 20mm Pin diameter (d) - 5 

mm 

Pin length (L)- 4.5 mm 

 

Axial Plunge of Shoulder- 0.1 mm 

Tool Drawing 

 

Table 1: Tool Dimensions 

Weld 
Rotation Speed 

 (rpm) 

Welding Speed 

(mm/min) 

Weld 1 800 20 

Weld 2 800 25 

Weld 3 800 30 

Weld 4 900 20 

 Weld 5 900 25 

Weld 6 900 30 

Weld 7 1000 20 

Weld 8 1000 25 

Weld 9 1000 30 

Table 2: Welding Parameter 
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VI. TENSILE TEST 

For tensile testing, the samples were prepared by cutting of 

work piece in transverse direction as per UNIVERSAL 

TESTING MACHINE model AMT 40. Before testing each 

samples were polished by different grade of papers to 

remove all types of surface roughness which occurs during 

machining. The schematic diagram of test specimen is 

shown in figure.2 and tensile test specimen is shown in 

figure.3. 

 
Fig. 2: Sub-size transverse tensile test specimens [6]. 

 
Fig. 3: Tensile test specimens figure 

VII. CHARPY IMPACT TEST 

Charpy test is carried out at ASTM E23 model charpy 

impact test machine at room temperature to determine the 

toughness of the weld. The sample dimensions are 5mm x 

10mm x 55mm. Samples were taken from transverse 

direction of welds. 

In general, notch toughness is measured in terms of 

the absorbed impact energy needed to cause fracturing of the 

specimen. The change in potential energy of the impacting 

head (from before impact to after fracture) is determined 

with a calibrated with a calibrated dial that measures the 

total energy absorbed in breaking the specimen. 

VIII. RESULTS AND DISCUSSION  

After preparing the FSW weld, the specimen were tested 

and the results are tabulated in table.3. Figure.4 shows the 

combined graph for all welds and gives comparison with 

base metal.  

A. Welds Obtained  

Welds were prepared according to the experimental design. 

All welds were defect free. During the FSW process, the 

materials were transported from the retreating side to 

advancing side behind the pin where the welds were formed. 

B. Hardness Measurements 

The measurement of hardness in performed in transverse 

direction of the weld. There are ten set of measurement take 

place in transverse direction in 2mm distance. It has been 

seen that the hardness in weld nugget is more than the other 

regions in all the welds. Sample 8 shows the highest 

hardness values for the nugget zone, which was found to be 

around 123. Other samples have hardness values of around 

83-121 in nugget zone. 

 
Fig. 4: Combined graph for all welds 

 

 
Fig. 5: Diagram of tool and clamping device mounted on the 

lathe bed. 

C. Tensile Test 

 

Ultimate 

Tensile 

Strength 

(MPa) 

Yield 

Strength 

(MPa) 

Toughness 

(J/mm
3
) 

Elongation 

(%) 

Base 241 209 70 12.5 

Weld 1 145 98 39 7 

Weld 2 130 94 37 6.7 

Weld 3 112 89 36 4.1 

Weld 4 168 101 48 6.7 

Weld 5 151 97 43 6.9 

Weld 6 140 93 40 7.2 

Weld 7 203 106 52 9.8 

Weld 8 205 115 51 10.6 

Weld 9 190 105 48 8.2 

Table 3: Tensile test data 
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Average tensile properties of friction stir weld 

joints of are given in Table 3. Sample 8 has the higher 

ultimate tensile strength of 205 MPa and yield strength of 

115 MPa and the percentage elongation is more in the weld 

8 with comparison to other welds. 

IX. CONCLUSIONS 

The following outcomes were comes from this experimental 

analysis which is done on the various rotating speed and 

feed rate.  

 Defects free weld were produced by friction stir 

welding. 

 Tensile strength of weld is increases with increase 

in rotational speed and decreases with increase in 

welding speed. Highest strength (about 86% of the 

base metal) was found in weld produced at 1000 

rpm and 25mm/min welding speed (weld 8). 

 Impact strength also increases with increase in 

rotational speed and decreases with increase in 

welding speed. 
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