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ABSTRACT  

Friction Welding is a solid state welding technique invented in 1940s by the welding institute. Without actual 

melting of the materials, a very good quality weld joint is obtained with this technique. The technique is fast, 

environmentally friendly and simple to perform. In addition, a lot of Industry applications exist for friction 

welded components.. The scope of the present investigation in this paper is to evaluate the effect of welding 

parameters on the mechanical properties of friction welded similar and dissimilar metals. From this review it 

has been found that the welding parameters like rotation speed, friction time, friction pressure, forge time, forge 

pressure are greatly influence the mechanical properties of friction welded joints. Further scope of carrying-out 

work was also discussed in this review paper. 
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I. INTRODUCTION 

 

The increased need of similar and dissimilar joints in various industries introduces the friction welding 

technique. A wide variety of different materials which can’t be combined with the help of conventional welding 

technique can be easily bonded with friction welding. Historically speaking Friction welding is a technique 

which was discovered in the 1940s but serious developments began in Russia and the United States in the 1950's 

and later in Great Britain. This technique proposed by A. I. Chudikov and developed at the Institute of Welding 

of Russia, formerly Soviet Union Scientific Research, Planning, Design, and Technological Institute of Electric 

Welding Equipment. In 1960, the Welding Institute built its first experimental machine which was used to 

demonstrate the potential of the process for welding bars up to 1 inch diameter.  The technique is fast, 

environmentally friendly and simple to perform. It is the solid state welding in which the heat is produced 

through mechanical friction at the interface between the work pieces by rotating it against each other, with 

addition of lateral force called “upsetting force” to plastically displace and fuse the material. According to the 

American Welding Society, “Friction welding is the process of rubbing two components together at a controlled 

rotational speed to create friction. That friction is used to generate enough heat to allow both components to 

reach a plastic state where the materials are forced together to form a bond”. It is also considered a type of forge 
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welding. It produced an airtight weld across 100%of cross-section, eliminating the risk of welding defects or 

discontinuities like porosity, voids, leaks or cracks. It is the versatile process having lot of industrial applications 

due to ability of producing a wide variety of components in industries such as automotive, aerospace, electrical, 

civil etc. Like conventional welding, friction welding process also has different parameters which are highly 

critical to produce a sound weld. The difficult task in friction welding is to optimize these parameters for 

different metals. It becomes more difficult when it comes to friction welding of dissimilar metal combination. 

The most influencing parameters in friction welding are friction pressure, friction time, forge pressure, forge 

time and speed of rotation [1, 2, 5, 6]. In the current study researches from various authors has been reviewed. 

 

II. LITERATURE REVIEW 

 

P. Shiva Shankar. [2013] investigated experimental and statically analysis of the friction welding parameters 

for the copper alloy – CU Zn30 by using Taguchi design of experiment. The important parameters considered to 

produce weld joint are spindle speed of 1400 – 1600rpm, friction pressure 10- 20 bar, friction time 4 – 5 sec and 

forge pressure 20-30 bar which influencing the tensile strength . The other parameters of the welding process 

which effect the weld joint are: forging time: 3 sec, Upset time: 0.3 sec, Braking time: 0.1 sec and Feed: 75% is 

kept constant. The various test like tensile test, micro structure of the parent material , heat effected zone and at 

the weld was analyzed. It was observed that the friction welded joint shows comparable strength with the base 

material and the strength of welded joint increased with increase in forging pressure, and the optimal value for a 

higher tensile strength was 1500 R.P.M Speed, 5 sec friction time, 10 bar friction pressure and 30 bar forging 

pressure.[3] 

Shubhavardhan, Surendran. [2012] worked to join and assess the development of weld joints of dissimilar 

material AA6082 aluminum alloy and AISI 304 stainless steel, using continuous drive friction welding process. 

The results were analyzed by means of tensile test, Vickers micro hardness test, fatigue test, Charpy v- notch 

impact test, and SEM-EDX (energy dispersive X-ray) analysis in order to determine the changes that occurred 

during welding . The five friction parameters considered were machine speed 1400 RPM, forge pressure 210 

MPa, forge time 6 second remains constant and friction time 3, 5, 7 second and friction pressure 65, 104, 156 

MPa were varied. The optimum friction time and friction pressure to obtain maximum tensile value 188.40 MPa 

was 5 second and 104MPa. The joint strength increased, and then decreased after reaching a maximum value, 

with increasing friction pressure and friction time. Some of the welds had poor strength due to the thickness of 

reaction layer increased above a critical value then joint was brittle and fractured at the weld interface. The joint 

strength was sound when there was no unbounded region and a thin reaction layer formed along the entire weld 

interface.[4] 

Ali. Moarrefzadeh. [2012] studied that friction welding process (FWP)  have significant advantages as 

compared to the fusion welding processes which are as follow: joining of conventionally non-fusion weldable 

alloys, reduced distortion and improved mechanical properties of weldable alloys joints due to the pure solid-

state joining of metals. Friction welding process is the only process which achieves 100 per cent metal-to-metal 

weld joints, giving parent metal properties. No addition material or fillers are required for welding and there are 

no emissions from the process. The thermal effect of friction welding process that specially depends on the 

friction process type and temperature field of it in work piece was the main key of analysis and optimization of 
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this process was the main goal which has been defined. Numerical simulation of welding process in SIMPELC 

method and by ANSYS software for observing the temperature affected area of carbon steel, the effect of 

different parameter on temperature field and optimization of process for different cases of electrode was done. It 

was observed that the temperature uniformity can’t be achieved when the thermal conductivity of welded part is 

low and high Reynolds number decline the radial temperature variation for the rotating bar, but it increases the 

circumferential temperature variation in the stationary bar. [5] 

D. Ananthapadmanaban. [2011] investigated the development of weld joint of two different combinations 

namely Low Carbon Steel- 304Stainless Steel and Aluminium-Copper and has studied the Mechanical 

properties of the welds correlated to the microstructure. The parameters considered for low carbon steel-

stainless steel were friction pressure (40, 120) MPa, forge pressure (127.5, 180) MPa, rotation speed (1000, 

2000) rpm and burn off length (2, 6) mm and for aluminum-copper, friction pressure (63.5, 82.2, 95.4) MPa, 

forge pressure (127.2, 159, 190.8) MPa, rotation speed (500, 750, 1000) rpm and burn off length (1, 2, 3) mm. 

The results were analyzed by the mean of mechanical properties data such as Tensile Strength, Hardness, Impact 

strength and Bend tests. The micro-structural and SEM fractography has been carried out to study the effect of 

friction welding parameters on nature and type of fracture. The optimum friction pressure, forge pressure and 

speed of rotation to obtain maximum tensile value 632 MPa was 120 MPa, 127.5 MPa and 1000 rpm 

respectively for low carbon and 304stainless steel and 63.5 MPa, 127.2MPa and 750 rpm respectively for 

aluminum and copper. It seems Tensile strength increases when upset pressure increase up to a certain optimum 

value of upset pressure and then it drops down. For both Low Carbon-Steel-Stainless Steel and Aluminium-

Copper Strength was dependent on speed of rotation. [6] 

P. Rombaut, W.De Waele and K. Faes. [2011] studies to present a clear summary of the literature review 

which were performed on friction welding of dissimilar materials, mainly of steel to a ceramic material like 

alumina (Al2O3). All research articles that have been studied for literature review state that welding steel to a 

ceramic was nearly impossible without using an interlayer compatible metal. The most frequently reported type 

of weld is steel to alumina with an aluminium interlayer. A rotary friction welding machine was assembled and 

used for the experimental. The main goal of this study also focuses on friction welding of aluminium to steel 

and aluminium to ceramic. The detailed explanation was given for the most challenging difficulties like the 

creation of fatal thermally induced stresses in an aluminum-ceramic weld interface and the creation of a brittle 

inter-metallic compound layer in a steel-aluminum weld interface in order to produce a strong bond. It was 

observed during experiment that the use of an interlayer is necessary to reduce residual stresses which were 

induced because of the different thermo-mechanical properties of the work material and aluminium sheet is a 

commonly used interlayer. Great attention was needed to control over the creation of a brittle inter metallic 

compound layer which grows in the aluminium-steel weld interface during welding process in proportion to the 

friction time. [7] 

Eder Paduan Alves, Francisco Piorino Neto and Chen Ying An. [2010] investigated to assess the 

development of solid state joints of dissimilar material AA1050 aluminum and AISI 304 stainless steel. The 

joints were obtained by rotary friction welding process (RFW). The five welding parameters considered were 

friction time, friction pressure, forge time, forge pressure, speed of rotation.  The results were analyzed by 

Vickers micro-hardness, metallographic tests and SEM-EDX. Friction welding process was carried out on a 

rotary friction welding machine of brand GATWIK with fixed speed of 3,200 RPM, constant friction pressure 
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2.1 MPa.  friction time 7, 17, 27, 32 seconds, forge pressure 0.7, 1.4, 2.1, 2.8MPa and forge time 1, 2 seconds. 

Tensile test was also done in this study. The optimum friction time, forge time and forge pressure to obtain 

maximum tensile value 80.08MPa was 32 second, 2 second and 1.4MPa. The tensile strength of friction welded 

joints increased with increase in friction time and forge pressure values until it reaches its limit and then 

decreases again due to increased plastic deformation resulting from the application of excessive forge pressure 

when rotation of speed is zero. [8] 

Emel Taban, Jerry E. Gould, John C. Lippold. [2009] investigated the development of friction welded joint 

between a 6061 aluminum alloy and AISI 1018 steel using various process parameters. The main parameters 

considered are rotation speed 4200 rpm, friction pressure 23 MPa, friction time 1 second, forge time 5 seconds 

and forge pressure 50, 60 MPa. The joint was evaluated by mechanical and metallurgical analysis like tensile 

test, microstructure, x-ray radiography and SEM. It was observed that the tensile testing of welds revealed 

average value of 170 MPa for low and 250 MPa for high upset pressure conditions .The best welded joint occurs 

at 60 MPa upset pressure due to sufficient applied pressure for sound weld. [9]     

Bekir S. Yilba, Ahmet Z. Sahin, Nafiz Kahraman, Ahmed Z. A1-Garni. [1994] investigated the mechanical 

and metallurgical properties of friction welded steel-aluminium and aluminium-copper. The three main 

parameters considered was speed of rotation (2000, 2500, 2800) rpm, applied load (5-12.74, 6.37 -17.83, 7.64-

22.93) kg, and duration of welding (4, 7, 10) second. The effect of parameters on metallurgical and mechanical 

properties of the welded joints such as the yield, tensile and breaking strength, was studied experimentally and 

statistically. The metallurgical properties of welded joint were examined using electron and optical microscopy. 

The optimum parameters to obtain maximum tensile value were 2800 rpm rotation speed and applied load 

between 6.37 -17.83kg range for steel-aluminum and 2000 rpm rotation speed and applied load between 5-12.74 

kg range for aluminum-copper. Tensile properties improve for steel-aluminium welds when the inter-metallic 

thickness extends till critical level. Further increase in the thickness of the inter-metallic layer reduces the tensile 

strength for both cases. [10] 

 

III. CONCLUSIONS 

 

Following points can be concluded from the literature review. 

• The tensile strength of friction welded joints increased with increase in friction time and forge pressure values 

until it reaches its maximum limit and further increase leads to decline of tensile strength. 

• Friction welding process is the only process which achieves 100 per cent metal-to-metal weld joints, giving 

parent metal properties. 

•  No addition material or fillers are required for welding and there are no emissions from the process. 

• Friction welding is indispensable tool for welding dissimilar metals. 

• Optimum  welding  parameters  should  be  properly selected  in  the  friction  welding  of  parts. 

• Friction welding process is efficient to weld the materials which are not weldable by other conventional welding 

technique. 
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IV. FUTURE SCOPE 

 

As very less research has been done on the friction welding technique which increases the scope of research. For 

the welding of similar and dissimilar materials, optimization of welding parameters like rotation speed, friction 

pressure, friction time, forge time, forge pressure can be done. Friction welding process is slow process as 

compare to other fusion welding techniques therefore the possibility of performing friction welding at higher 

speeds, with better properties of the weld joints, should be explored. 
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