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Abstract: Copper and its alloys possess a wide range of properties these make  them valuable for many applications. There are 
several properties like as Good conductivity of electricity and heat is combined with strength, ductility and excellent corrosion 
resistance etc.  
Copper has made possible the continued, efficient development of the electrical industry because it has the highest conductivity 
of the commercial metals and it has good mechanical properties at low, ambient and elevated temperatures, is easily fabricated 
or cast to shape and can be joinned.  
The present paper analyzes the weld joint of pure copper which is made by using friction stir welding (FSW) process. The 
mechanism of thermo-mechanical processes of the FSW method has been studied and established a correlation between the weld 
zone and its microstructure.  
The various Parameters of the FSW welding processes  influencing the zone of the base material and the mechanical properties 
of the resulting joint are analyzed.  
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I. INTRODUCTION 
The FSW welding technology was first introduced in 1991 by  the The Welding Institute (TWI) to welding light metal alloys, 
primarily aluminium alloys [6].The modern technologies are gaining more  importance in almost every field and Manufacturing 
industry not an exception. Welding has been a constant part of every manufacturing industry in which Automobile industry is the 
major partner[1].  
Friction stir welding (FSW), as a low heat input solid state method, has been employed by researchers to overcome the problem of 
IMCs in dissimilar Al/Cu alloy joints. It is well documented that using a suitable combination of FSW parameters, i.e. a tool 
rotational speed, tool traverse speed, axial force, tool offset value, joint configuration, and etc., can control the thickness and 
morphology of the IMCs[2].  
Aluminium based metal matrix composites (AMMCs) have developed increasing interest in structural applications inaerospace, 
transportation and defence due to their superior properties in comparison to conventional alloys and materials. Generally, AMMCs 
are largely fabricated via fusion based technologies. Producing AMMCs with fusion based practices leads to some typical problems 
such as particle clustering, casting related defects that significantly affects tensile strength, non-homogenous and unfavourable 
microstructure.   
It is well known that during melting and at high temperatures interfacial reactions and formation of detrimental phases, segregation 
of reinforcement along the grain boundaries and their clustering occur[3].  
Al and Cu can hardly achieve stabilization in electrical con-ductivity, the joining of Al and Cu by welding has been attracted much 
attention in the past decade. It is difficult to produce sound Al–Cu dissimilar joints by fusion welding due to their significant 
difference in chemical, physical and mechanical properties as well as high affinity to form brittle IMCs at high temperatures[4]. 
Multi-material systems have attracted wide attention owing to their improved properties from combining dissimilar materials. Many 
studies examined the mechanical properties, interfacial microstructure, and corrosion behavior of multi-material systems, such as 
Al/Fe structure.  
In particular, the multi-material structures of Al and Cu have been widely researched in the field of welding engineering, there by 
reducing the cost and weight of electrical components[5]. 
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A. Copper 
Copper  is a non-ferrous transition metal. Unlike brass and bronze, it is a pure, naturally occurring metal; therefore, it is found on the 
periodic table of elements.  
It is among the few metals found in nature that is directly suitable for processing. Although it is used on its own, it is also combined 
with other pure metals and alloys to form its own subset of alloys.  
 
B. Properties of Copper 
Copper has several properties that make it ideal for construction and manufacturing, such as: 
1) Copper demonstrates excellent thermal and electrical conductivity, making it suitable for use in electronic and electrical 

systems and thermal equipment. 
2) It exhibits resistance to many forms of damage, including impact, wear, and corrosion. Additionally, it maintains its strength 

when flexed, formed, and drawn. 
3) Bacterial antimicrobial resistance.The material resists bacteria without degrading. It even kills bacteria that are exposed to its 

surface. This quality makes it ideal for use in food-safe equipment. 
 

C. Available Grades of Copper 
Copper’s availability in many different grades facilitates its versatility. At Sequoia Brass & Copper, they offer the following grades 
of copper: 
1) Alloy 101 This alloy is an oxygen-free copper, which is suitable for when manufacturers need high conductivity and ductility. 
2) Alloy 110 Also referred to as electrolytic (ETP) copper, this alloy demonstrates the highest level of electrical and thermal 

conductivity, as well as good ductility and malleability. 
3) Alloy 122 This alloy is mechanically similar to Alloy 110, but it also exhibits superior formability, weldability, and brazing 

capabilities. It is available in tubing from Sequoia Brass & Copper. 
4) Alloy 145 Available in rod & bar, this alloy is also known as tellurium copper as it consists of copper with between 0.4–0.7% 

tellurium content. Like many copper alloys, it is characterized by excellent thermal and electrical conductivity and high 
formability and superior machinability. 

 
D. Applications of Copper Metal Sheets & Shapes 
In general, copper offers excellent conductivity, formability, and machinability. These qualities make copper metal sheets suitable 
for a wide range of industrial applications, including use as architectural, construction, plumbing, and heat exchanger materials and 
components. Additionally, its high ductility allows sheets to be drawn into wires for electrical systems. 
 
 

 
 

BAR                            SHEET                          ROD                            TUBES 
 
A comparison has been made by Sequoia Brass & Copper ,2353 Industrial Parkway West Hayward, CA 94545 
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 Figure Source: https://www.sequoia-brass-copper.com/blog/metal-alloy-comparison-guide/ 
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FIGURE :The principle of joining in the FSW welding process [6] 
 

FIGURE: Schematic diagram of FSW Setup[1] 
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FIGURE: Advancing and retreating side of the weld[1] 
 

II. TOOL MATERIALS AND SELECTION 
There are several tool materials that have been used in the FSW/P process as shown in the Table 1 and 2[7]. 
 

TABLE- 1 
S. No. TOOL MATERIALS MATERIALS TO BE WELD References 

1. HCHCr AA5083-H111 Al alloy [7] 
2. SS310 Commercial grade Al-alloy 6 mm 

thick 
[7] 

3. H13 AA5754 and C11000 copper 3.175 
mm thick 

[7] 

4. HSS AA2011 and AA6063 alloys10 mm 
thick 

[7] 

5. C40 AA6082 and AA2024 4 mm thick [7] 
6. H13 6061-T6 Al and AISI 1018 mild 

steel 6 mm thickness 
[7] 

 
Tool materials and suitable weld metals. 
 

S. No. Tool Material Suitable weld material References 
1. Tool steels Al alloys, aluminium metal matrix composites 

(AMCs) and copper alloys 
[7] 

2. WC -Co Aluminium alloys, mild steel [7] 
3. Ni-Alloys Copper alloys [7] 
4. WC composite Aluminium alloys, low alloy steel and magnesium 

alloys, Ti-alloys 
[7] 

5. W-alloys Titanium alloys, stainless steel and copper alloys [7] 
6. PCBN Copper alloys, stainless steels and nickel alloys [7] 

  
A. Desired FSW Process tool Material Characteristics 
To produce a high quality FSW joint, it is a requirement that the tool material selection is done properly. The characteristics that 
have to be considered in choosing the tool material for FSW process include[7]. 
1) Resistance to wear. 
2) No harmful reactions with the weld metal. 
3) Good strength, dimensional stability and creep resistance at ambient and elevated temperature. 
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4) Good thermal fatigue strength to resist repeated thermal cycles. 
5) Good fracture toughness to resist the damage during plunging and dwelling. 
6) Low coefficient of thermal expansion. 
7) Good machinability for the manufacture of complex features on the shoulder and probe. 
 

III. MATERIAL FLOW IN WELDING ZONE 
The material flow during FSW is divided into two kinds of flow as given below. [6] 
1) Material flow due to pin: layer by layer 
2) Material flow due to shoulder: material from retreating side(RS) is transferred through the shoulder surface at the top of the 

advancing side (AS).  

 
Figure : Material Flow in FSW[6] 

 
A. Weld Zones in FSW 
FSW has some  zones in the weld as shown below figure. [6] 
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FIGURE: Effect of dwell time on the interface facing the exit hole (a) 1 s; (b) 9 s; (c) higher magnification for (a); (d) higher 

magnification for (b); (e) SZ, 1 s; (f) SZ, 9 s; (g) X-ray diffraction pattern of the interface welded at dwell time of 1 s [4] 
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Raman Spectroscopy Analysis of Copper Alloy H62/GOp-modified Layer Prepared by Friction Stir Surface Processing shown in 
the figure below[8] 

 
Figure: Raman spectra of the GO in each sample: a – sample 1; b – sample 2; c – sample 3; d – sample 4; e – sample 5; f – sample 

6.[8]  
 

IV. CONCLUSION 
The present study has identified the various issues related to the welding parameters influencing and the microstructure of the 
welded copper joint using the FSW process. Heat inducing mechanisms has been studied for the copper and its alloys for the FSW 
welding processes. Further, zones of influence and the structure of the welded copper-alloy joint are studied. It has been founded 
that the shoulder face of the tool  generates thermal energy that preheats the material and creates conditions for quality welding. The 
welding  joint of good quality has the same Mechanical Properties as the base material. At last , this is concluded that copper and its 
alloys with different alloying materials can be joined by Friction stir welding process(FSW/P) with great quality weld effectively. 
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