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Abstract— Friction Stir Welding (FSW) is a solid-state 

welding process used for welding similar and dissimilar 

materials. FSW is especially suitable to join sheet Al alloys, 

and this technique allows different material couples to be 

welded continuously. In this study, Al alloys and 

commercially pure Cu will be produced at three different tool 

rotation speeds( 620,930,1400 rpm) and Two different tool 

traverse speeds ( 12,15 mm/min) with One tool position (2 

mm) by friction stir welding. The project aim is to weld two 

plates of Al alloys & pure Cu using different tool profiles and 

to optimize the parameters like tool rotational speed, tool 

profile, depth of cut, feed etc. And analyse the influence of 

the microstructures and mechanical properties of friction stir 

Welding. Tensile and Hardness tests will be used to 

determine the mechanical properties.  
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I. INTRODUCTION 

Friction Stir Welding (FSW) is a solid–state joining 

technique invented and patented by The Welding Institute 

(TWI) in 1991 for butt and lap welding of ferrous and non– 

ferrous metal sand plastics1. Since its invention, the process 

has been continually improved and its scope of application 

expanded. FSW is a continuous process that involves 

plunging a portion of a specially shaped rotating tool between 

the butting faces of the joint. The relative motion between the 

tool and the substrate generates frictional heat that creates a 

plasticized region around the immersed portion of the tool. 

The shoulder prevents the plasticized material from being 

expelled from the weld. The tool is moved relatively along 

the joint line, forcing the plasticized material to coalesce 

behind the tool to form a solid phase joint. 

 
Fig. 1: Introduction to Welding 

The need for joints between dissimilar materials 

often arises in industrial applications which are experiencing 

complex loading conditions. This provides the platform for 

the need / or the availability of a sound joining technique for 

dissimilar materials, 2 because of their quirements such as 

light weight and high performance. High quality joints 

between Aluminums will promote the use of such joints in 

industrial application especially in the field of electrical 

components. Aluminum Alloy widely applied in engineering 

structures due to their unique properties, such as high electric 

conductivity, heat conductivity, corrosion resistance and 

mechanical properties. Al used in the production of bus-bars. 

A bus-bar is an electrical conductor that makes a 

common connection between several circuits; and it is found 

in the interconnection of the incoming and outgoing 

transmission lines and transformers at an electrical 

substation. Bus-bars are also used to connect generators and 

the main transformers in a power plant. However, due to the 

inherently different chemical, mechanical and thermal 

properties of the materials being joined, a similar joining 

process presents more challenges than a similar materials 

joining process. 

II. DIFFICULTIES IN WELDING OF COPPER TO ALUMINIUM 

Copper and aluminium are widely applied in engineering 

structure due to unique performances such as higher electric 

conductivity, heat conductivity, corrosion resistance and 

mechanical properties. However, the melting points of both 

materials have a significant difference (nearly 400 °C). This 

may lead to a large difference in microstructure and 

performance of Cu–Al joints if copper and aluminium would 

be joined. Moreover, the Al was easily oxidized at an elevated 

temperature, and some welding cracks existed easily in a joint 

of brazed or fusion welding Cu. Therefore, a high quality 

weld joint of Cu/Al was difficult to obtain by means of 

conventional welding methods. During fusion welding or 

pressure welding (brazing, diffusion bonding, etc), the Cu-Al 

intermetallics, which resulted in decreased mechanical 

properties of joints, is very difficult to be avoided in Cu/Al 

dissimilar materials joint. 

III. EXPERIMENTAL SETUP 

In this Experimental work we are using Automatic Milling 

machine for welding lap joints in friction stir Welding 

.During work we are clamp plate as shown in fig no 1 the 

plate is fix with fixture. 

 
Fig. 2: Experimental Setup 
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The plate size of aluminium and copper Plate are 

same and having 150 mm length, 80 mm width and 4 mm 

thickness. high carbon steel (D2) tool having shoulder 

diameter of 20 mm and pin diameter of 6 mm. Detail of Tool 

are given in Table 1. Two welding sets were taken for welding 

of aluminium-copper plates as given in Table 2. 

Tool Material- high 

carbon steel (D2) 

Shoulder diameter 

(D)- 20mm 

Pin diameter (d) - 

6mm 

Pin length (L)-  3.6 

mm 

Tool Drawing 

            
Cylindrical    Tapered Cylindrical 

Table 1: Tool Dimension 

Weld 
Rotation 

Speed (rpm) 

Welding 

Speed (mm/min) 
Offset 

Weld 2 620 12,15 2mm Al side 

Weld 2 930 12,15 2mm Al side 

Weld 3 1400 12,15 2mm Al side 

Table 2: Welding Parameter 

IV. WELDING 

Prior to welding, joint preparation were used when needed by 

machining, grinding and cleaning (with acetone) of the 

surfaces to be weld. The plates were clamped tightly against 

each other by indigenously designed and fabricated fixtures 

and on the backing plate. The axial plunge depth was 

manually controlled by dial gauge indicator. Tool tilt angle 

were kept constant and it is around 20. Initially trial welds 

were conducted with bead on plate configuration using 

different welding parameters to set a range of suitable 

welding parameters for our final welds. 

V. WELDED JOINT IMAGES 

SPEE

D 

FEE

D 
CYLINDRICAL 

Tapered 

Cylindrical 

620 12 

  

620 15 

  

930 12 

  

930 15 

  

1400 12 

  

1400 15 

  
Table 3: Different parameter welded lap joints 

VI. RESULTS AND DISCUSSION 

A. Tensile Strength Test 

The welded plates were given to metallurgical laboratory for 

tensile strength testing purpose. The tensile test perform in 

Ultimate Tensile Machine (UTM) [TUE-C-600]. We have 

taken total 12 plates with different input parameters for 

testing. All Tensile Strength Test Report are shown Below 

Fig No. 3, Fig No. 4. 

 
Fig. 3: Tensile strength of cylindrical tool profile 

 
Fig. 4: Tensile strength of tapered cylindrical tool profile 

B. Hardness Test 

Hardness Test has been conducted on Rockwell Hardness 

Tester. Here we are calculating the hardness of Al6061, Pure 

Copper and weld spot. The hardness of Al6061 is 42-44 HRB 

and the Pure Copper is 189.8 and finally we got the hardness 

of welding point 25-40. The sample value of weld point 

hardness value is HR 30T 

C. Microstructures at Different Stir Zone Areas 

A typical microstructure of the transverse cross- section at 

different regions of the Friction stir weld for the optimum 

process parameters of tool rotational speed of 620rpm, 2° tool 

tilt angle and travel feed of 12mm/min. The left side of the 

weld centre corresponds to the retreating side while the right 

side corresponds to the advancing side. The macrostructure 

of the weld cross section can be divided into three distinct 
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regions, namely, the Stir Zone (SZ), Heat Affected Zone 

(HAZ), and the Base Metal (BM). 

 

 

 

VII. CONCLUSION 

 Thus by this project, we verify the different input 

parameters for friction stir welding and tool geometry to 

get optimum welded joint property for maximum tensile 

strength. 

 At the tool rpm of 1400 and tool feed of 15mm/min we 

got the maximum strengths for all three different 

profiles. 

 Comparing the joint strength at different profiles we 

found that maximum weld strength 61.324 MPa with 

Cylindrical tool profile and after that with Tapered 

Cylindrical tool profile 79.095 MPa 

 Comparing the Hardness strength at different profiles we 

found that maximum Hardness of welding point 40. The 

sample value of weld point hardness value is HR 
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