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ABSTRACT 
Friction welding is used extensively in various industries. Heat in friction welding is generated by conversion 

of mechanical energy into thermal energy at the interface of work pieces during rotation under pressure. Various 

ferrous and non-ferrous alloys having circular or non-circular cross sections and that have different thermal and 

mechanical properties can easily be joined by friction welding method. As the market trends of heavy industries, 

locomotives, shipyard engineering, three dimensional engineering, automobile, and in welding research engineering, 

bimetallic joints are most needed for light, tough, strong, economical corrosion resistant parts and components. All 

these requirements cannot be fulfilled by one metal or alloy. Joints of similar metal combinations are employed in 

different applications requiring combination of various types of mechanical properties as hardness, tensile strength, 

brittleness, malleability etc. Hence, the present investigation is carried out to study on the effects of process parameters 

such as rotational speed, friction time and forging pressure on the microstructure and mechanical properties of medium 

carbon steel joints using friction welding. The experimental results indicate that friction time and forging pressure play 

major role on the tensile strength of the joints. 
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1. INTRODUCTION 

     Friction welding is used extensively in various industries. Heat in friction welding is generated by conversion 

of mechanical energy into thermal energy at the interface of work pieces during rotation under pressure. Various 

ferrous and non-ferrous alloys having circular or non-circular cross sections and that have different thermal and 

mechanical properties can easily be joined by friction welding method. Friction welding is classified as a solid-state 

welding process where metallic bonding is produced at temperatures lower than the melting point of the base metals. 

Friction time, friction pressure, forging time, forging pressure and rotation speed are the most important parameters in 

the friction welding method. In practice, friction welding is classified in two ways; continuous drive friction welding 

and inertia friction welding. In the continuous drive friction method (Figure 1), one of the components is held 

stationary while the other is rotated at a constant speed (s). The two components are brought together under axial 

pressure (Pf) for a certain friction time (tf). Then, the clutch is separated from the drive, and the rotary component is 

brought to stop within the braking time while the axial pressure on the stationary part is increased to a higher upset 

pressure (Pu) for a predetermined upset time (tu). Parameters of the method are shown in Figure 2. In the inertia 

welding method, the second component is held stationary for welding, while one of the components is clamped in a 

spindle chuck, usually with attached fly wheels. The fly wheel and chuck assembly is rotated at a certain speed (s) to 

store a predetermined amount of energy. Then, the drive to the flywheel is declutched, and the two components are 

brought together under axial pressure (Pf) for welding. Friction between the parts decelerates the flywheel converting 

stored energy to frictional heat. Sahin and Akata studied joining of plastically deformed steel (carburizing steel) with 

friction welding. Sahin and Akata carried out an experimental study on joining medium-carbon steel and austenitic-

stainless steel with friction welding. Sahin studied joining austenitic-stainless steel with friction welding. Paventhan 

investigated Fatigue behavior of friction welded medium carbon steel and austenitic stainless steel dissimilar joints. 

Ananthapadmanaban have reported the effect of friction welding parameters on tensile properties of steel. 

Satyanarayana joined austenitic–ferritic stainless steel (AISI 304 and AISI 430) using continuous drive friction welding 

and investigated optimum parameters, microstructures-mechanical property and fracture behaviours. Yılmaz 

investigated variations in hardness and microstructures in the welding zone of friction welded dissimilar materials The 

effect of friction pressure on the properties of hot rolled iron based super alloy has been investigated by Afes. Meshram 

investigated the influence of interaction time on microstructure and tensile properties of the friction welding of 

dissimilar metal combinations. 
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From the literature review, it is understood that the most of the published information on friction welded 

similar and dissimilar joints focused on microstructural characteristics, microhardness variations, phase formation at 

the interface and tensile properties. But the published information on the effects of process parameters (rotational 

speed, friction time and forging pressure) on the microstructure and mechanical properties of the friction welded joints 

fatigue is very scanty. Hence, the present investigation was carried out to study on the effects of process parameters 

(rotational speed, friction time and forging pressure) on the microstructure and mechanical properties of the friction 

welded joints of medium carbon steel joints and the results are presented in this paper.  

2. Experimental Details 

2.1 Materials used: The base material AISI 1040 grade medium carbon steel (MCS), used in this investigation were 

cylindrical rods of 12 mm diameter and 75 mm length. The chemical composition and mechanical properties of the 

base materials is presented in Table 1 and Table 2.  

Table.1 Chemical composition of base metal 

 C Si Mn Ni Cr Cu Fe 

MCS 0.18 0.11 0.39 0.016 0.02 0.02 99.10 

 

Table. 2 Mechanical properties of the base metal   

Yield strength (MPa) 300 

Tensile strength (MPa) 350 

Notch tensile strength (MPa) 425 

Notch  strength ratio (NSR) 1.21 

Impact  toughness @RT (J) 30 

 

Hydraulic controlled, continuous drive friction welding machine (20 kN capacity) was used to fabricate the 

joints. The process parameters used to fabricate the joints shown in Table 3, two different tensile specimens were 

prepared to evaluate the tensile properties of base metals and joints. Tensile specimens were prepared as shown in 

Fig.1a to evaluate yield strength, tensile strength and elongation. Tensile test was conducted in 100 kN, electro-

mechanical controlled Universal Testing Machine. 

Table.3.Friction welding parameters used to fabricate the joints 

Rotational speed (rpm) 900 1000 1100 1200 1300 

Friction pressure (MPa) 20 30 40 50 60 

Forging pressure (MPa) 20 30 40 50 60 

Friction time (s) 2 3 4 5 6 

Forging time (s) 2 3 4 5 6 

 

The specimen was loaded at the rate of 1.5 kN/min as per the ASTM specifications, so that tensile specimen undergoes 

uniform deformation. The specimen finally fails after the necking and the load versus displacement was recorded. The 

0.2% offset yield strength was derived from the diagram. Vicker’s micro hardness testing machine (Make: 

Matzusawa,Japan and MODEL: MMT-X7) was employed for measuring the hardness across the joint with 0.05 kg 

load. Fig. 2 displays the photographs of friction welded joints. 

 

 
            Fig.1.Continues drive friction welding 
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Fig.1a.Dimensions of the Tensile specimen Fig. 2 Photographs of friction welded joints 

 

Microstructural examination was carried out using a light optical microscope (Make: MEIJI, Japan, Model: 

ML7100) incorporated with an image analyzing software (Clemex-Vision).  The specimen for microstructural analysis 

was sectioned to the required sizes from the joint comprising weld metal, HAZ and base metal regions and were 

polished using different grades of emery papers. Final polishing was done using the diamond compound (1m particle 

size) in the disc-polishing machine.  Specimen was etched with 2% Nital solution in the mild steel side reveal the 

microstructure 

3.0 RESULT AND DISCUSSION 

                     The mechanical and thermo-physical properties of similar substrates will have a major influence on the 

properties of the similar joints because the temperature attained by each substrate markedly depends on the thermo-

physical properties of the two substrates and on the joining parameters selected. Consequently, the flow stress–

temperature relations for each substrate will have an important influence on the joint properties produced during 

friction welding 

3.1 Effect of friction pressure: The tensile strength decreases with an increase in friction pressure at both the low 

forge pressure and high forge pressure. This is due to high heat generation that leads to coarse grain structure. The 

periphery of the friction-welded sample shows coarse grain structure due to high heat generation (maximum friction). 

It is observed that at high temperatures flow stresses are decreased whereas grain size becomes coarser. In contrast, at 

relatively low temperatures, finer grain sizes are obtained while flow stresses are increased. The centers of the welded 

sample have fine grain structure due to low heat and high degree of cold working. The higher is the degree of cold 

work, the higher the nucleation rate and the finer the grains. The tensile strength is higher with the higher degree of 

cold working. The fine microstructural features at high forge pressures can be attributed to the higher strain energy 

while the coarse microstructures are due to prolonged retention time at high temperature that resulted in grain 

coarsening. The coarse grains are caused by higher temperature due to high friction pressure distribution at periphery. 

The deformation rate depends on heat developed at the interface during friction welding, which depends on friction 

pressure and burn-off length. The tensile strength decreases with an increase in burn-off length at low forge pressure 

while tensile strength increases with an increase in burn-off length at high forge pressure .The tensile strength is higher 

at low friction pressure and high forge pressure due to more plastic deformation and higher flash at interface. The flash 

developed at interface due to forge pressure and it increases with an increase in forge pressure and takes place. The 

Tensile strength of all the joints are lower than that of the base material, irrespective of the friction pressure used to 

fabricate the joints. Of the five friction pressure used to fabricate MCS joints the joint fabricated at a friction pressure 

of 40 MPa yielded superior tensile properties. Fig. 3 reveals the effect of the friction pressure on tensile strength of 

friction welded MCS joints. 

3.2 Effect of friction time: The bonding occurs over an intermetallic phase, which, when too thick, influences the 

bonding properties adversely. The thickness of the intermetallic interlayer depends linearly of on the square root of the 

friction time, indicating that the growth is caused by diffusion. If the friction time is held long, a broad diffusion zone 

with intermetallic phases can be generated. To achieve a high strength, the friction time should be held for short 

friction times.  If the friction time increases the tensile strength of the joint also increases but, the strength of the joints 

raises a peak, when the friction time for the joints are increased, the tensile strength of the joints decreases. Of the five 

friction time used to fabricate MCS joints the joint fabricated at a friction time of 4 Sec yielded superior tensile 

properties. Fig.4 reveals the effect of the friction time on tensile strength of friction welded MCS joints.  
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3.3 Effect of forging time: If the forging time increases then the tensile strength also increase with the forging time to 

attain maximum limit then decreases with the increase with forging time when the forging time low the bond have a 

such as cracks, pores, intermetallic phases, unconnected areas, distortions, etc., then the forging time is more the 

deformation also more so the strength will be decreases. From the above said reason the strength of the joint increases 

the decreases Of the five forging time used to fabricate MCS  joints the joint fabricated at a forging time of 4 Sec 

yielded superior tensile properties. Fig. 5 reveals the effect of the friction time on tensile strength of friction welded 

MCS joints.  Fig. 6. The micro hardness is maximum at the interface and this may be due to the formation of brittle 

intermetallics and it is one of the reasons for lower tensile strength compare to the base metal strength. Fig. 7a–f 

displays the optical micrographs of base metals and welded joint. Fig. 7f shows the microstructure of medium carbon 

steel base metal. It contains fine ferrite and small amount of pearlite grains. Fig. 7a&b and d show the weld cross-

section of similar joints of MCS–MCS at two different magnifications. The formation of weld interface region is not so 

clear in these optical micrographs. However, highly deformed region, due to thermomechanical action, is observed on 

both the base metals nearer to the joint line and they are displayed in Fig. 7c,d and e.  

  

Fig. 3 Effect of friction pressure             Fig. 4 Effect of friction time 

 

 

 

Fig.5 Effect of friction pressure Fig.6 Micro harness across the joint 

 

   

(a) ) Interface Region (b) Macrostructure of the (e)PDZ 
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joint 

   

(c )FPDZ (d)DZ (f)UDZ 

Fig. 7 Optical micrographs of similar joint 

4. CONCLUSIONS 

From this investigation following important conclusions are derived. 

1. Microstructural studies on friction welded MCS joints revealed that there were four different regions across 

and they are: parent metal (PM), partial deformed zone (PDZ), deformed zone (DZ) and transformed and 

recrystallized fully plasticized deformed zone (FPDZ). 

2. The joint fabricated using the welding parameters such as friction pressure of  40 MPa, forging pressure of 40 

MPa, and  forging time 4sec exhibited maximum tensile strength of 725 MPa  

3. The experimental results indicate that friction time and forging pressure plays a major role on the tensile 

strength 
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