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Abstract— Friction Stir Welding (FSW) is a solid state joining process that involves joining of metals without fusion or filler 

materials. The frictional heat is produced by a rapid rotating non-consumable high strength tool pin that extends from a 

cylindrical shoulder. In this paper 6mm thick copper and bronze plates are friction stir welded at different tool rotational 

speeds of 800, 1000 and 1200 rpm, with a constant travel speed of 40 mm/min and an axial force of 10 kN. Tests like Optical 

Microscopy (OM), Scanning Electron Microscopy (SEM) and Micro hardness is done to identify the metallographic studies. 

The friction stir welding experiments are carried out with transverse speed of 40mm/min of tool. Vickers hardness test, 

microstructure analysis are performed on the welded material. The ANSYS model analysis is done for FSW process and the 

various temperature distributions during different travel time values are evaluated. The findings from these investigations are 

presented and discussed. 
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I. INTRODUCTION 

Friction stir welding is a relatively new joining process that has been used for high production since 1996. In this process 

melting does not occur and joining takes place below the melting temperature of the material, a high-quality weld is created. 

This characteristic greatly reduces the ill effects of high heat input, including distortion, and eliminates solidification defects. 

Friction stir welding also is highly efficient, produces no fumes, and uses no filler material, which makes this process 

environmentally friendly. 

II. WORKING PRINCIPLE 

In Friction stir welding, a cylindrical, shouldered tool with a profiled probe is rotated and slowly plunged into the weld joint 

between two pieces of sheet or plate material that are to be welded together. The parts must be clamped onto a backing bar in 

a manner that prevents the abutting joint faces from being forced apart or in any other way moved out of position. 

 
Fig. 1: Schematic of Friction Stir Welding 

Frictional heat is generated between the wear-resistant welding tool and the material of the work-pieces. This heat 

causes the work-pieces to soften without reaching the melting point and allows the tool to traverse along the weld line. This 

problem was solved recently with the introduction of new tool material technologies such as polycrystalline cubic boron 

nitride, tungsten rhenium, and ceramics. 



 
Experimental and Numerical Analysis of Friction Stir Welded Dissimilar Plates 

 (IJIRST/Conf/RAME/2017/040) 

 

 
212 

III. RESEARCH METHODOLOGY 

 

IV. MATERIAL AND PARAMETER SELECTION 

A. Material Selection 

1) Material Composition 

Elements Composition (%) 

Copper 100 

Table 1: Composition of Copper 

Elements Composition (%) 

Copper 97.5 

Tin 1.0 

Phosphorus 0.2 

Zinc 0.3 

Iron 0.1 

Lead 0.05 

Table 2: Composition of Bronze 

B. Plate Design 

 
Fig. 2: Bronze Plate 

 
Fig. 3: Copper plate 
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All dimensions are in mm 

Fig. 4: Dimensions of plate material 

V. PROCESS PARAMETERS 

The microstructure of a friction stir weld depends on the tool design, the rotation and traverse speeds, the applied pressure 

and the characteristics of the material being joined. Weld quality depends on 

 Tool rotation (spindle speed) 

 Traverse speed or welding speed (feed rate) 

 Axial load 

 Tool tilt angle 

A. Tool Design 

Tool design influences heat generation, plastic flow, power required and the uniformity of the welded joint. The shoulder 

generates most of the heat and prevents the plasticized material from escaping the work piece, while both the shoulder and the 

tool–pin affect the material flow. The tool has hardened to 58HRC. Hence double tempered H13 tool steel with given 

dimension is taken for this welding process is shown in Fig.5&6. 

 
Fig. 5: Dimensions of H13 tool steel 

 
Fig. 6: Double tempered H13 tool steel 

VI. EXPERIMENTAL PROCEDURE 

Friction stir welding machine is shown in Fig.8. The plates are positioned in the fixture, which is prepared for fabricating 

FSW joints by using mechanical clamps. so that the plate will not be separated during welding. The tool is fixed in the tool 
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holder of the FSW machine and the tool is tilted 2.5° to the vertical axis. The tool speed is selected as 800, 1000 and 1200 

rpm. Tool is lowered while in rotation and plunged in to the plates when the shoulder touches the plate, heat is generated. 

After a few second, table movement is given at the rate of 40 mm/min. Axial force is given 10 kN. Trial runs were conducted 

prior to conducting actual experiments. The parameters like rotational speed, welding speed, axial force and tool tilt angle are 

tabulated in table 3.  

 
Fig. 7: Friction stir welding machine 

 

Parameters Sample 1 Sample 2 Sample 3 

Rotational Speed 800 rpm 1000 rpm 1200 rpm 

Welding Speed 40 mm/min 40 mm/min 40 mm/min 

Axial Force 10 kN 10 Kn 10 Kn 

ToolTilt Angle 2.5⁰ 2.5⁰ 2.5⁰ 
Table 3: Specification of parameters 

In this experiment, the grain structure and hardness of the weld zone is measured by using optical microscopy, 

scanning electron microscopy and vickers hardness testing machine. The weld zone of the sample specimens are given in the 

fig. 8, 9 and 10. 

    
Fig. 8: Welded sample 1   Fig. 9: Welded sample 2   Fig. 10: Welded sample 3 

VII. RESULTS AND DISCUSSION 

A. Scanning Electron Microscopy Test 

The SEM micrographs presented in the Fig. 11, 12 and 13 shows the variation of microstructures as a function of volume in 

the welded plates at higher magnification. The number of particles increases as well as the spacing between particles reduces 

when the rotating speed is high at the weld zone. The uniform distribution of copper and bronze particles can be attributed to 

adequate generation of frictional heat, stirring and plasticized material flow across the friction stir welded zone. 

   
Fig. 11: SEM Micrograph of Specimen 1, 2 & 3 
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B. Optical Microscopy Test 

The optical micrograph of friction stir welded plates [Fig.14, 15 and 16] displays dynamically recrystallized grain 

structures.This optical micrographs shows the uniform distribution of Copper and Bronze particles in the welded zone and 

also the grain structure of the parent material. The each region of the stir zone received different thermo-mechanical effect. 

The exact central region of weld zone shows the very fine and equalized grain structure due to the recrystallization caused by 

simultaneously received the plastic shear deformation and frictional heat. 

    
Fig. 12: Optical micrograph-specimen 1,2 & 3 

VIII. NUMERICAL ANALYSIS  

A. Temperature Distribution 

The temperature distribution on the welded samples is studied using the ANSYS software which is illustrated in Fig. 20. The 

temperature value becomes high and it achieves the recrystallization temperature when the plates are in contact with the 

rotating tool. Behind the tool, the process transports hot material away, while in front new cold material enters the tool. 
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Fig. 13: Temperature distribution during FSW using ANSYS model 

From the ANSYS analysis, the temperature values increases with respect to increase in time duration, along with the 

weld axis. From the experiment results, the temperature values are decreased with respect to increase in distance and 

increased with respect to time duration along with perpendicular to the weld axis. 

IX. CONCLUSION 

The micro structural and mechanical properties of a friction stir welded copper and bronze plates were investigated. Based on 

the results, the main conclusions are as follows: 

 No welding defect was detected in the joints welded at lower welding speed.  

 Results from SEM and OM convey the presence of reinforcement and uniform distribution of material throughout the 

weld zone. 

 The micro hardness of the weld zone was found to be higher than that of the other zones and it varies according to the 

tool rotation speed. 

 The grain structure was found dynamically recrystallized in the weld zone than that of the parent metal. 

 Increasing rotational speed is observed to be a more effective method for reducing the welding torque. 

 With increase in welding speed, the average hardness of nugget zone first decreased and then increased, but the welding 

speed had small effect on the hardness of the other regions.  

 The generation and distribution of the heat energy are analysed in friction stir welding of copper and bronze by using 

ANSYS software. 
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