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ABSTRACT 

 

This study aims to analyze the joint friction welding using 

dissimilar metal material between mild steel ST37 and stainless 

steel 201 with copper interlayer. The experimental method was 

conducted to test the welding processes. The results of the test 

revealed the maximum tensile strength and a hardness test 

value of the interlayer variation of 0.3 mm, 0.5 mm, 1 mm and 

without an interlayer. The test was obtained the effect of the 

addition of an interlayer on the rotary friction welding process 

includes the friction phase, the forging phase and the results of 

welding parameters in the form of motor power, motor angular 

speed. The test resulted changing in specimen length that was 

greater without using an interlayer.  The duration of welding 

time was greater using an interlayer than without using an 

interlayer. The maximum tensile test results were obtained at 

the 1 mm interlayer at 482.43 MPa. The maximum hardness 

test result was obtained 321.34 VHN at the 1 mm interlayer. 

 

 

KEY WORDS: Dissimilar Metal, Interlayer, Rotary Friction 

Welding. 

 

 

1.0 INTRODUCTION 

 

The friction welding is a type of solid state welding, which the 

welding process is carried out in a solid phase. Welding heat is 

obtained from the direct conversion of mechanical energy to 

thermal energy through friction. Objects do not require a source 

of heat from electricity or combustion. The heat generated from 

the process of friction between surfaces will increase the 

temperature of the object in the axial direction with a relatively 

very short distance. Joining occurs when surfaces reach a 

temperature below the liquid temperature. Welding occurs due 

to the influence of pressure on the plastic metal mixing and the 

diffusion mechanism [1]. In friction welding, several physical 

phenomena occur, such as heat changes due to friction, plastic 

deformation and so on. The important parameters in the friction 

welding process include friction time, rotational speed, and 

friction pressure. The parameters shown above will affect the 

mechanical properties of the friction weld joint [2]. 

In friction welding it can connect two objects of different 

types but can be connected optimally and not optimally, 

welding different materials is quite difficult because of 

differences in material properties that cause the welding results 

to be less than optimal due to differences such as crystal 

structure, chemical composition, point melting and mechanical 

properties of metals [3]. Meshram & Reddy [4] stated that 

different metal joints can be performed optimally if there is a 

suitable element between the two metals; otherwise the use of 

an interlayer is required to produce the joint. For different 

metals, which have very different coefficients of thermal 

expansion, the joint may fail due to thermal fatigue during 

welding or after welding. This is because the internal stresses 

are regulated in the intermetallic zone, which tends to be very 

brittle.  

In the case of two metals having different melting 

temperatures or thermal conductivity, the welding process 

becomes complicated because one metal melts before the other 

metal. There is a method that can be used to combine different 

metals and alloys, which is friction welding. The friction 

welding techniques have been developed using an interlayer 

and there is an increase in tensile strength in welds that use an 

interlayer compared to welds made without an interlayer. 

Nugroho et al. [5] stated that the choice of copper interlayer, 

because it has been widely used in the engineering field. It has 

advantages including: corrosion resistance, high electrical and 

thermal conductivity, attractive appearance, high strength and 

ductility, as well as ease of fabrication. 

Ananthapadmanaban et al. [6] stated that the combination 

of different metals used in welded structures has increased 

rapidly and continues to increase. The joining combination 

between mild steel and stainless steel can be useful in 

applications such as steel plate for tanks where the exterior is 

tough and tough supported by a softer core material. 
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The rotary friction welding tool was developed by Khan, & 

Alhadi [7] in the Production Technology Laboratory of 

Mechanical Engineering Department, Riau University. The tool 

was modified by Ricky [8] who was redesigning it with the 

development of a rotary friction welding tool using the fault 

tree analysis method to identify the failure of a system. Based 

on previous observations and research on the rotary friction 

welding tool, the electric motor was damaged twice due to 

excessive loads during the welding process due to the peak load 

on the electric motor when it was given forging pressure. So, it 

interfered with the welding process, and then a flywheel was 

designed to minimize damage from the motor. Several studies 

have been conducted regarding the effect of flywheel variations 

on welding results, such as in Siregar [9] to determine motor 

power and tensile strength of mild steel, Efriansyah [10] to 

determine motor power and strength. The tensile mild steel 

with variations in the angle of the chamfer forging by [11], 

which conducted tests on different materials to see the effect of 

the flywheel on motor power and the tensile strength of the 

welding results.  

The parameters for rotary friction welding with the addition 

of a flywheel, namely using a flywheel, can extend the life of 

the motor because it is able to store residual energy and 

withstand the shock load of motor rotation. So as to produce a 

welding process that is faster and has an optimal tensile 

strength value. However, in previous research, it has not used 

an interlayer and did not test the hardness of the welding 

results. So it is necessary to test rotary friction welding on 

different materials between mild steel ST37 and stainless steel 

201 with the addition of a copper interlayer to the rotary 

friction welding phase and to test the mechanical properties 

(tensile test and hardness test) of the welding results. 

2.0 METHOD 
 

2.1 Research Method 

The research method provides an overview of the research 

design, which includes procedures and steps that must be taken, 

research time, data sources, and problem solving methods. In 

this paper, the research was used an experimental method. 

Theflow chart in this study can be seen in Figure 1.  

 

2.2 Making Workpieces 

The workpieces used are mild steel ST37 and stainless steel 

201 with dimensions of 90 mm in length, 8 mm in diameter, 

and variations in interlayer thickness of 0.3 mm, 0.5 mm, and 1 

mm with copper material, can be seen in Figures 2-5. 

This research used the materials of mild steel ST37, 

stainless steel 201 and interlayer copper with a chemical 

composition that can be seen in Table 1. 

 

Table 1: Chemical composition of stainless steel and mild steel 

 

 

Meanwhile, for testing the material after welding is using 

the tensile test with the ASTM-E8 standard and the hardness of 

the vickers with the ASTM E92-82 standard. 

 

 

 
Figure 1: Research flow diagram 
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Figure 2: Material without an interlayer 

 

 
Figure 3: Material with a 0.3 mm interlayer 

 

 
Figure 4: Material with a 0.5 mm interlayer 

 

 
Figure 5: Material with a 1 mm interlayer 

 

2.3 Experimental Procedure 

Data collection was carried out experimentally at the 

Production Technology Laboratory of the Department of 

Mechanical Engineering, Riau University by using rotary 

friction welding [15] as the main tool for conducting research 

with 3 HP motor specifications, 1 phase, 2800 rpm rotation, 

before data collection was carried out preparation of tools and 

materials that could be seen in Figure 6. 

 

 
 

Figure 6: Machine set up for tests 

 

 

 

 
Figure 7: Laying specimens with an interlayer in rotary friction 

welding 

 

 
Figure 8: Rotary friction welding result test 

 

After the preparation of the tools and materials is carried 

out, it is followed by the laying of the copper interlayer where 

the interlayer is formed to grip the workpiece with the help of 

pliers to facilitate the welding process so that the interlayer 

does not move due to vibrations from the rotary friction 

welding machine which can be seen in Figure 7 [12]. After 

welding on rotary friction welding, the results of the welding 

can be seen where the form of flash that occurs at the joint is 

almost the same in all variations of the interlayer, where the 

flash in mild steel is seen more than in stainless steel. This is 

due to the difference in the melting point of mild steel (1,425 ° 

C) which is lower than stainless steel (1,510 ° C). However, as 

the friction time increases, heat and kinetic energy increases 

resulting in a larger flash which can be seen in Figure 8. 

 

 

3.0 RESULT 
 

Based on the tests that have been carried out with variations in 

the thickness of the interlayer, data on the testing process, 

angular speed of the electric motor, power of the electric motor, 

tensile testing on the results of welding, and hardness testing on 

the results of welding are obtained. 

 

3.1 Test of Data 

After testing, by setting a friction pressure of 6 bars, forging 

pressure of 7 bars, and forging time of 5 seconds in friction 

welding with no interlayer and three variations of the interlayer, 

namely 0.3 mm, 0.5 mm, and 1 mm, then the rotation data is 

obtained. friction, friction rotation time, forging rotation time, 

forging rotation time, flywheel stop time, change in specimen 

length after welding, and total welding time. Tests were carried 

out using one type of flywheel with variations without inter-

layers and inter-layers of 0.3 mm, 0.5 mm, 1 mm. Test data can 

be seen in Table 2-5.  
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Table 2: Experiment data without an interlayer 

 
 

Table 3: 0.3 mm interlayer experiment data 

 
 

Table 4: 0.5 mm interlayer experiment data 

  
 

Table 5: 1 mm interlayer experiment data 

 
 

3.2 The Angular Velocity of the Electric Motor when 

Welding 

 
 

Figure 9: Graph of the angular velocity of the electric motor 

when welding 

In Figure 9 is a graph of the angular speed of an electric motor 

when welding where from tests carried out without an 

interlayer and using an interlayer of 0.3 mm, an interlayer of 

0.5 mm, and an interlayer of 1 mm. The angular speed of the 

electric motor is obtained when welding for three stages, 

namely rotation initial, which the angular speed of the motor 

before the pressure that is applied to the specimen, which has 

slightly increased before experiencing constant rotation. The 

friction rotation is the rotation of the electric motor when the 

specimen subjected to 6 bars of friction pressure through 

pneumatics. The the forging rotation is the rotation of the 

electric motor when the forging process occurs. The specimen 

is given additional pressure to 7 bars via pneumatic. 

At the angular velocity without using an interlayer, the 

results are stable angular velocity in the friction phase of 

323.83 rad/s, which is constant and the angular velocity in the 

forging phase is 323.85 rad/s with the required welding time 

varies from 116 seconds, 110 seconds, 105 seconds and 112 

seconds. Whereas for the effect of the interlayer with a 

thickness of 1 mm, the results of the stable angular velocity in 

the friction phase are 323.45 rad/s, which is constant and the 

angular velocity in the forging phase is 323.46 rad/s with the 

required welding time varies from 178 seconds to 182 seconds, 

172 seconds and 186 seconds. 

So it can be analyzed that the effect of the thickness of the 

interlayer on the dissimilar metal affects the value of the 

angular velocity and the time of the welding process because 

with an interlayer thickness of 1 mm it takes a long time for 

heat input to rub against different materials. The thicker the 

interlayer used, the longer it takes to produce heat due to 

friction because it has to use up the interlayer first. As a result 

of the 1 mm interlayer thickness, the angular velocity value is 

small compared to other interlayer thickness variations because 

if the angular velocity is high it can cause the friction welding 

tool to experience vibrations and the material being joined is 

not as axis so that the interlayer layer that grips the specimen is 

released. This can be seen in Figure 9 which states the results 

of angular velocity using the thicker interlayer thickness 

resulting in longer time duration. 

 

3.3 The Persentage Error of the Angular Velocity of the 

Electric Motor 

 
 

Figure 10: Graph of the percentage error of the angular 

velocity of the electric motor 

 

In Figure 10 is a graph of the percentage error for the angular 

speed of an electric motor where the percentage error at the 

angular speed of an electric motor results in a stable speed. In 
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the friction phase reaching a value of less than 20% is a 

comparison of the percentage error to the motor specifications 

used. So that the results of the angular speed obtained in 

accordance with the results of the speed on the electric motor 

used. All results obtained for the variation in the thickness of 

the interlayer are in accordance as described in Figure 7. If the 

effective rotational speed of the motor is used 3770.1 rpm or 

394.72 rad/s, it is necessary to determine the difference in the 

value or percentage error of the measured rotational speed 

value during welding with the speed value.  

The largest percentage error value measured occurred in the 

initial rotation in the first second with an average of 91.50%, in 

the first second of the initial rotation, it indicates that when the 

motor is started, the angular speed exceeds the effective 

angular speed of the motor. Meanwhile, the other biggest is the 

last second when forging with an average of 90.96% due to the 

angular speed of the motor. Because the motor is turned off and 

only the rotation of the flywheel comes from. 

 

3.4 Electric Motor Power when Welding 

 
 

Figure 11: Graph of the electric motor power when welding 

 

In Figure 11 is a graph of electric motor power when welding, 

the results of the value of the electric motor power against the 

duration of the welding at variations in the thickness of the 

interlayer, namely without using an interlayer and using an 

interlayer with a thickness of 0.3 mm, 0.5 mm and 1 mm. It can 

be obtained from testing dissimilar metal specimens with 

variations in thickness of the interlayer for 4 experiments. The 

results of the power obtained different due to the application of 

friction pressure and the applied forging. At 6 bars of frictional 

pressure, the power obtained for experimental specimen 1 

without using an interlayer of 2,177.21 Watt and forging 

pressure of 7 bars, the power value of 2218.09 Watt.  

Whereas in specimens using a 1 mm thick interlayer with 

the application of friction pressure to get a power of 1985.47 

Watt and giving the forging load to get a power of 2020.61 

Watt. The electric motor power generated in the experiment 

without an interlayer is higher than using an interlayer. This is 

the same as the angular speed of the motor because the pressure 

applied slowly. So, the interlayer layer is not separated from 

the material to be joined. The greater the pressure applied, the 

greater the power required. This is directly proportional to the 

effect of pneumatic pressure on the power required and in 

accordance with the research of Sandri [11], which states that it 

is seen that motor power increases when given frictional 

pressure and increases again when given forging pressure due 

to increased friction that occurs due to increased pressure 

exerted via pneumatics. 

In Figure 11, it can be seen that the power obtained varies 

due to differences in pressure and the required welding duration 

is different. 

 

3.5 The Persentage Error of the Electric Motor Power when 

Welding 

 
 

Figure 12: Graph of the percentage error of the electric motor 

power when welding 

 

In Figure 12 is a graph of the percentage error in electric motor 

power where the percentage value of electric motor power error 

is obtained when welding. The effective motor power used is 3 

Hp or 2237.1 Watts. The power that has been obtained is 

compared with the motor power specifications used. Then the 

average error percentage power for experimental specimen 1 

without using an interlayer is 94.71% at the first second of the 

initial rotation and 89.21% for the power at the last second 

forging pressure. Whereas in specimens using 1 mm thick 

interlayer when the initial rotation of the motor gets an error 

percentage of 95.13% and 90.46% for the percentage error at 

the last second forging pressure. The percentage of error is 

small less than 20% obtained when the power is stable and after 

applying friction and forging stresses. Meanwhile, the 

percentage of error is large during the first second of the motor 

starting rotation and the last second at the forging pressure. 

 

3.6 Change in Specimen Length 

 
 

Figure 13: Graph of the average change in length of the 

specimen 
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In Figure 13 is a graph of the average change in the length of 

the specimen where the graph results are obtained for the 

change in the length of the initial specimen to the end of the 

specimen during the rotary friction welding process. 

The initial specimen length before welding was 180 mm for 

4 experiments with 4 variations of the use of interlayer in the 

test. A changing in the final length varies due to the influence 

of the use of the interlayer, when the welding process lasts until 

the end. Variations without using an interlayer get an average 

final length of 175.25 mm, whereas for using an interlayer with 

a thickness of 0.3, the final length of the specimen was 173.50 

mm. When using an interlayer with an interlayer thickness of 

0.5 mm, the final specimen length is 171 mm and 165.25 mm 

for specimens with a 1 mm thick interlayer. 

Based on Figure 13, it can be analyzed that the use of a 

thicker interlayer makes the welding specimen shorter. This is 

related to the welding process which takes a long time to 

achieve a joint. In specimens without using an interlayer, the 

final specimen results are longer than other variations in the 

thickness of the interlayer. This process is closely related to the 

heat generated as a result of the use of interlayer variations. 

The thicker the interlayer used, the greater the heat required. 

This is because the friction process on the friction surface of 

the interlayer undergoes a long melting process in terms of time 

which can be seen in Figure 14. Then it can be analyzed by 

using an interlayer which has a disadvantage, namely that the 

specimen becomes shorter than without using an interlayer but 

for the quality of the welding results it is more optimal to use 

interlayer which can be seen from the test results in Figures 15 

and 16. 

 

3.7 Welding Time 

 
 

Figure 14: Graph of average welding time 

 

Figure 14 is a graph of the average welding time where the 

time it takes for the specimen to weld until the specimen 

material is connected, the data for the welding time graph at the 

time of testing without an interlayer and three variations of the 

interlayer, namely 0.3 mm, 0.5 mm, and 1 mm obtained the 

average time required when the welding process reaches a joint 

using a variation of the thickness of the interlayer. The time 

results obtained from using an interlayer with a thickness of 1 

mm get a time result of 179.50 seconds, an interlayer of 0.3 

mm is 132.50 mm, and an interlayer of 0.5 mm is 156 mm. For 

specimens without using an interlayer, the yield time was 

110.75 seconds. So that it can be analyzed by using a variety of 

interlayer which are getting thicker, it will take a long time to 

be able to achieve a welding joint using dissimilar metal 

compared to without using an interlayer. This has shortcomings 

in welding time but is more optimal in the quality of the 

welding results. Time and specimen length changes are closely 

related and directly proportional to the welding result. It can be 

used a long time, which make shorter the final specimen from 

the welding joint. This is caused by the two surfaces of the 

specimen rubbing against each other against the use of the 

interlayer to reach the melting point so that the joint process 

occurs. 

 

3.8 Tensile Test Results 

 
 

Figure 15: Graph of tensile test results 

 

In Figure 15 is a graph of the results of the maximum tensile 

strength of the welding results. It is known that the average 

maximum tensile strength value in the variation without 

interlayer of 443.50 MPa. The average maximum tensile 

strength on the interlayer variation of 0.3 mm is 448.22 MPa. 

The average maximum tensile strength in the interlayer 

variation of 0.5 mm is 468.27 MPa, and the maximum tensile 

strength of the average interlayer variation of 1 mm that is 

482.43 MPa. From the data on the average value of the 

maximum tensile strength in each variation of the interlayer, it 

is found that the highest value of the maximum tensile strength 

in the welding result specimen using a 1 mm interlayer, which 

has an average value of 482.43 MPa. The lowest tensile 

strength value is obtained in the welding specimen without 

using an interlayer, which has an average value of 443.50 MPa. 

From Figure 15, it is known that the variation of the 

interlayer affects the value of the maximum tensile strength of 

the welding result, this is because the variation in the 

application of the interlayer affects the welding process which 

based on the research of Sathiya et al. [13] have observed fine 

grains in the weld metal zone when welding stainless steel. 

causing the welding results to be not optimal, Kumar & 

Balasubramanian [14] gave a copper interlayer, which was able 

to increase the results of the tensile test. In addition, the copper 

interlayer with a smooth surface fully functions as an 

intermediate material between mild steel and stainless steel and 

is able to absorbs the grains from the stainless steel welding 

process and the thicker the interlayer of friction to produce the 

heat needed for the rotary friction welding joint process. The 

longer friction duration required, so that the hot working 

process that takes place during the welding process is. So the 

longer it causes the maximum tensile strength on average with 

1 mm interlayer variation to be higher than without interlayer. 

Therefore, it can be analyzed that the 1 mm interlayer of the 

optimal interlayer for use in test specimens, where the 1 mm 

interlayer has the highest tensile strength value compared to 

other interlayer variations such as without interlayer, 0.3 mm 

interlayer, and 1 mm interlayer but requires longer welding 

time. 
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In the variation without interlayer, it was found that the 

fracture in the area of the weld joint for the three experiments. 

In the interlayer variation of 0.3 mm, it was found that the 

fracture was in the area of the weld joint for the three 

experiments. In the 0.5 mm interlayer variation, it was found 

that the fracture was in the outer area of the welded area for 

experiments 1 and 2, while in experiment 2 the fracture was in 

the area of the weld joint. In the 1 mm interlayer variation, it 

was found that the fracture was in the outer area of the weld 

joint for the three experiments and included the results of the 

maximum tensile strength value that was high than the other 

interlayer variations. Therefore, it can get the high quality 

tensile strength results. 

 

3.9 Hardness Test Results 

 
 

Figure 16: Graph of hardness test results 

 

In Figure 16 is a graph of the results of hardness testing where 

the hardness value obtained from testing using the Vickers 

method. On the results of welding without an interlayer and 

using an interlayer of 0.3 mm, 0.5 mm, 1 mm with 3 

indentation points on each metal area, namely on mild steel 

base metal ST37, main metal 201 stainless steel and welding 

metal with a load of 100 kgf for 15 seconds using universal 

hardness testing. 

It can be seen that 3 reading points were taken in each area 

and the average of the 3 reading points was taken for analysis. 

All experiments showed that the hardness values were not 

much or significantly different. Based on research Kumar & 

Balasubramanian [14] stated that there was no major change in 

the base metal structure in the welding area. In stainless steel 

there is a decrease in hardness on the side of the weld metal. 

This change in the value of hardness is due to a decrease in the 

hardness of the joints using friction welding. Because of the 

stainless steel cannot be hardened by heat treatment, whereas in 

mild steel there is an increase in hardness at the welding 

interface. It is caused by the friction process that occurs during 

the welding process. 

Figure 16 shows the relationship between the hardness of 

the Vickers and the test position. It can be seen where the 

hardness value of stainless steel decreases as the test position 

approaches the weld metal, while the mild steel hardness value 

increases as the test position approaches the weld metal. This is 

due to the inclusion of heat in different metals.  

As it approaches the weld metal, where the highest 

hardness value is in the test using a 1 mm interlayer, namely in 

the weld metal area with a value of 321.34 VHN. The lowest 

hardness value is on the test without using an interlayer, 

namely in the weld metal area with a value of 264.97 VHN. 

The difference in value is because welding using an interlayer 

experiences more significant heat with the help of a copper 

interlayer compared to welding without using an interlayer, 

which does not have the assistance of a copper interlayer 

during the welding process. This is in accordance with the 

research of Ananthapadmanaban et al. [6], which states that the 

increased hardness of the weld metal is associated with the 

heating of the material in the weld area. These results indicate 

that, hardness increases with increasing friction and welding 

time. 

 

 

4.0 CONCLUSION 
 

Based on the results of the analysis that has been carried out, it 

can be concluded that, the effect of adding an interlayer to the 

rotary friction welding process includes the friction phase, the 

forging phase and the results of welding parameters in the form 

of motor power, motor angular speed, change in the final length 

of the specimen and the duration of welding time. For motor 

power without using an interlayer, the results of the friction 

phase of 2177.21 Watt and forging phase of 2218.09 Watt are 

greater than using a 1 mm interlayer with a value of 1985.47 

Watt friction phase and 2020.61 Watt forging phase. At the 

angular speed of the motor without using an interlayer, the 

value of the friction phase is 323.83 rad/s and the forging phase 

is 323.85 rad/s, which is greater than using a 1 mm interlayer 

with a value of 323.45 rad/s friction phase and 323 forging 

phase of 46 rad/s. In the change in the final length of the 

specimen of 4.75 mm from the initial length of 180 mm 

without using an interlayer is smaller than using an interlayer 

of 1 mm, which is 14.75 mm. If the welding without used an 

interlayer, the result is a smaller value, namely 110.75 seconds 

compared to using a 1 mm interlayer, which is 179.50 seconds. 

Meanwhile, the effect of the addition of the interlayer on the 

results of rotary friction welding is in the form of tensile test 

and hardness test. In the tensile strength of the friction welding 

joint, the maximum tensile test results obtained on the test 

using an interlayer of 1 mm with a UTS value of 482.43 MPa. 

Without using the interlayer get a UTS result with a low value 

of 443.50 MPa. In the hardness test, the highest average 

hardness value on the specimens resulted from welding using 

an interlayer of 1 mm, namely the main metal area of stainless 

steel 201 has a value of 352.96 VHN. The weld metal area has 

a value of 321.34 VHN, and the mild steel parent area of ST37 

has lowest value of 352.96 VHN. The value of 272.54 VHN 

averages hardness value was obtained in the specimens of 

welding without using an interlayer. It is namely in the main 

metal area 201 stainless steel had a value of 317.23 VHN, the 

weld metal area had a value of 264.97 VHN, and the mild steel 

base metal area of ST37 has a value of 251.69 VHN. 
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