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Abstract— Friction stir welding is  a  newer  solid  state  

welding  method  which  is  usually  applied  for  the  different  

grades  of  different  ferrous  and  nonferrous  materials.  In 

this  review  paper, various  research  papers  are  studied  and  

discussed.  It  has  been  trying  to  understand  the  joining  

of  aluminum  and  stain  less  steel  materials  under  different  

welding  conditions.  Friction  stir  welding  plays  a  vital  

role  to  get  the  defect  free  welds.  In  this  paper,  different  

friction  stir  welding  process  parameters  and  their  effect  

on  mechanical  and  micro  structural  properties  of  the  

joints  are  also  summarized.    
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I. INTRODUCTION 

Friction stir welding is also known as solid state joining 

process. FSW welding is a continuous process to join the two 

metals by a non- consumable rotating tool on base materials. 

Friction Welding technology of welding dissimilar material 

by rotatin each of them on their circular section one of the 

material are stationary and other material are rotating on their 

circular peripheral area as the heat get generated due to 

rotating material and material which is soft like copper get 

mixed with the stainless steel there are different process in the 

friction welding technology such as when we get rectangular 

or square bar rotating tool get insert probe in material which 

we have to weld and rotates by this method material get 

fusion and mixed in each other as we need to weld the circular 

material then one of the material piece get insert in stationary 

holder and another get fixed in the rotating spindle and 

hydraulic or pneumatic pressure exerting is done to get closer 

the material to be join due to rotating force and pressure 

material get increase in temperature and fusion get started due 

to this the material get join. , FSW does not melt the material 

which is require a consumables electrode like a filler rod, 

shielding gas and uses less energy to make the weld joint.  

The welding of aluminum and its alloys has always 

represented a great challenge for designers and technologists. 

Aluminum alloy such as heat treatable aluminum alloy is 

difficult to join by fusion joining process friction welding 

technique is the technique which is invented and patented by 

welding institute (TWI). The process   was developed initially 

for aluminum alloys but since then FSW was found suitable 

for joining a large number of materials.  During FSW process, 

the material undergoes intense plastic  deformation  at  

elevated  temperature,   resulting  in  generation  of  fine  and  

recristalize  grains. The fine microstructure in friction stir 

welds produces good mechanical properties. The  objective  

of  present  research   work  aims  to  acquire  the  fundamental 

knowledge of the FSW process and to investigate the  

feasibility of incorporating this technology with existing 

resources to weld aluminum alloys in the abutting 

configuration and characterize the optimum operating 

parameters  while  establishing sound mechanical integrity of 

the friction stir welded joint.   

However, the welding of aluminum to copper by 

fusion welding generally difficult because of the wide 

difference in their physical, chemical and mechanical 

properties and the tendency to form brittle inter metallic 

compounds (IMCs). Therefore, solid-state joining methods 

such as friction welding, roll welding and explosive welding 

have received much attention. These methods, however, have 

a few drawbacks. For example, friction welding and roll 

welding lack versatility, and there are safety problems 

involve in explosive welding technique Several studies have 

been carried out on the effects of dissimilar aluminum and 

copper welding parameters on the microstructure and 

mechanical properties in the weld zone and the detection of 

inter metallic   

The design of fixture plays an important role in    

Friction Stir Welding process (FSW). Proper designing of 

fixture  is  the  one  of  the  major  solution  to  the  problems 

arising  during  FSW  process.  FSW of aluminium alloys 

require a careful designing of both fixture and welding tool. 

The fixture should be designed and fabricated in such a way 

that it is able to bear the high magnitude forces and high 

temperature during welding process Welding speed 

significantly affected the microstructure and mechanical 

properties of the joining. 

Heat generation during Friction Stir Processing is 

due to the mechanical loads. No external heat sources are 

used. As the temperature increases, the material softens and 

the coefficient of friction decreases. A temperature-

dependent coefficient of friction (0.4 to 0.2) helps to prevent 

the maximum temperature from exceeding the material 

melting point. The observed temperature rise in the model 

shows that heat generation during the second and third load 

steps is due to friction between the tool shoulder and work 

piece, as well as plastic deformation of the work piece 

material Welded dissimilar metals have wide applications in 

industries. We will rarely find a manufactured product, 

especially in heavy industrial settings, that is made from 

solely one component, part or material. This is because of 

each component, part or material offers its own set of unique 

qualities or benefits, and this rings true of metals too. While 

it would, of course, be easier if just one metal could be used, 

manufacturers look to use different metals to enhance their 

products in different ways. For example, steel offers a great 

deal of strength, while stain less steel is lighter and has better 

corrosion-resistant properties. By combining these, you can 

have a strong, yet resistant and lighter, final product. But the 

main issue with joining of dissimilar metals are the 

differences in the chemistry of the materials, their melting 

points, coefficient of thermal expansion, thermal conductivity 

etc. which offers a serious challenge in procuring high-quality 

joints. 

Friction Stir Welding which is a solid-state joining 

process provides good insight in joining dissimilar metals. 

There are three broad categories of joining dissimilar metal 

using Friction Stir Welding 

1) 1) Friction Stir Welding of Dissimilar Alloys Having 

Widely    Different Melting Point 

2) Friction Stir Welding of Dissimilar Alloys With Similar  

Base Metals And Melting Point 
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3) Friction Stir Welding of Different Alloys Having 

Dissimilar Base Metals and Similar Melting Point 

In this study experiments were performed to 

investigate the effects of FSW process parameters including 

rotational and welding speed on the microstructure and 

mechanical properties of stain less steel in lap joint welding 

and different joint defects were analyzed. It was observed that 

the nugget area had the best grain size and also higher 

hardness in compare with the other welding areas. 

 
Fig. 1: friction welding of dissimilar material 

Welding can be performed by either Fusion Welding 

process or by a Solid-state joining process. If we perform 

Fusion welding process to join dissimilar metals, the metal or 

alloy with low melting point evaporates away which leads to 

compositional change and thus weld with inferior quality is 

obtained. A major challenge offered for obtaining sound 

joints between dissimilar metals are their differences in the 

chemistry of the materials, their melting points, thermal 

conductivity, coefficient of thermal expansion etc. The 

chemistry of the resulting weld is taken into account when 

filler material is used during fusion welding processes. While 

in Friction Stir Welding process which is a solid state joining 

process, no filler material is taken into account. The main 

challenge in Friction Stir Processing of Dissimilar Metal is 

the prevention of formation of brittle inter metallic phases. 

Handa and Chawla [2013] studied to join austenitic 

stainless steel (AISI 304) with low alloy steel (AISI 1021) at 

1600 rpm and at different axial pressures and then 

determining the strength of the joint by means of mechanical 

properties.  

The maximum tensile strength for welded bars was 

achieved with an applied axial pressure of 105MPa, but the 

specimen fails in a brittle manner. The maximum 

displacement was also available at this axial pressure. With 

the further increase in axial pressure the strength starts 

declining.  

Liu et. al. [2014] examined thin sheets of stainless 

steel  and one type of Advanced high strength steel, 

transformation induced plasticity (TRIP) steel have been 

successfully butt joined using FSW technique. Tensile tests 

and scanning electron microscopy (SEM) results indicate that 

the weld nugget was considered as copper matrix composite, 

which is enhanced by dispersed sheared-off steel fragments 

encompassed by a thin inter metallic layer or simply inter 

metallic particles. 

Paradisoa et. al.(2017) This preliminary 

investigation has demonstrated the feasibility of joining the 

Aluminium alloy 2024-T3 to ZE41A Magnesium alloy 

offsetting the tool towards the Magnesium side and fixing the 

Aluminium in the retreating side. Several difficulties were 

encountered during FSW process due to the different 

behavior of the alloys in terms of attitude to the plastic 

deformation and thermal conductivity. Hot cracks and poor 

joints were obtained in some processing conditions. 

Instead sound joints were obtained with 1200 rpm of 

tool rotational speed and 20 mm/min of welding speed. 

Microstructure and micro hardness of the sound 

joints were examined. Microstructural observations 

demonstrated that a complex vortex flow occurred in the 

stirred zone. The stirred zone was found to be mixed with 

both alloys but the fraction of Al 2024-T3 alloy was appeared 

to be more compared with ZE41A alloy. Furthermore very 

fine dispersed IMCs in Aluminium highly rich matrix was 

observed in the FSW joint stirred zone. The hardness 

distribution in stirred zone was found to be highly affected by 

the combined effect of fine grain structure and the presence 

of hard intermetallic compounds. The friction stir weld 

investigation indicates that exists a potential for further 

enhancements to join dissimilar AA2024-T3 to Mg ZE41A 

alloys. Efforts to fine tune the FSW process parameters and 

further investigations into new tool forms could help to 

achieve dissimilar AA2024-T3 to Mg ZE41A joints with still 

improved quality of welds. 

Sato et al.31) suggested that the microstructure 

around the root tip of the zigzag line is fragmented initial 

oxide layer on the butt surface. And it was locally distributed 

as oxide particles during the FSW. Moreover, Sato et al.41) 

suggested that degree of the collective movement of the oxide 

particles is depending on the welding parameters that of 

degree of stirring increases with the heat input. So, the weak 

degree of the stirring, i.e., lower heat input, would result in 

the local and dense distribution of the oxide particles. And it 

leads to form the zigzag line flaws in the SZ. It is also can 

observe in both edge of weld surface, and edge of contact area 

on lap joint welds (also called as hooking). Despite  the  large  

amount  of  published  literature  about  the  FSW  process,  

systematic information does not exist on the influence of the 

tool geometry and the  process parameters on the weld quality 

for a large range of materials, thicknesses and  joint  

configurations.  The  objective  of  present  research  work  

aims  to  acquire  the  fundamental  knowledge  of  the  FSW  

process  and  to  investigate the feasibility of incorporating 

this technology with existing resources to weld steelthe 

abutting configuration and characterize the optimum 

operating parameters while establishing sound mechanical 

integrity of the friction stir welded joint.   

II. DISCUSSION 

From industrial perspective FSW is very perspective because 

it saves energy due to less heat input prevent joint from fusion 

related defect is this cost effective and better than MIG 

welding joint. 
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III. CONCLUSION 

In this study of friction stir welding of pure copper and 

stainless steel was successfully accomplished under different 

parameters by using a cylindrical pin tool. Failures were 

observed in the weldings that has none tool shifting (zero 

positioned tool). Tensile and bending tests, as well as 

hardness measurements were made in order to determine the 

mechanical properties of joint As a result of the tensile test it 

was observed that ruptures usually occurred in joint zones and 

heat-affected zones of copper In high tensile strength 

specimens, the weld zones were observed to be larger FSW 

does not require joint preparation between two plates only 

degreasing is needed. It offers the high quality of welding 

with increased tensile strength, outstanding fatigue properties 

and corrosion resistance from the oxidation and chemical 

action. It is an economical method of welding with low 

operation cost, which has no consumable with less energy 

cost unlike consumption of electrode in arc welding process. 

Friction stir welding has no post heat treatment with low 

distortion and shrinkage of material. 
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