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ABSTRACT 

 

This research aims to investigate male-female chamfer angle 

effect on forging pressure, specimen length and the maximum 

tensile strength in splicing 6061 aluminum material, which 

used the rotary friction welding process. This research 

employed the analytical method to determine the timing of 

forging pressure as an initial reference to conduct the 

experimental study for the specimens test. The specimens were 

tested by varying the male-female chamfer angle, namely 0°, 

15°, 30°, 45°, 60°. The results test were obtained the longest 

application of forging pressure at the male female chamfer 

angle of 60° and the fastest application of forging pressure at 

the male-female chamfer angle of 15°. The change in length of 

the specimen during the welding process for each variation of 

the male-female chamfer angle varies due to the friction time 

different. The largest change in length was at the male-female 

chamfer angle of 15° and the smallest change in length at the 

male-female chamfer angle of 60°. The maximum tensile 

strength was obtained at the variation of male-female chamfer 

angle of 60° with a value of 226.47 MPa. 

 

KEY WORDS: Rotary Friction Welding, Male-Female 

Chamfer, Forging Pressure 

 

 

NOMENCLATURE 

qo : Net power (W) 

P : Pressure (N/mm2) 

A : Cross section area (mm2) 

Vmax : Maximum surface speed at the outer edge (mm/s) 

μ  : Coefficient of friction 

Tmax  : Melting material temperature (°C) 

T0  : Material starting temperature (°C) 

s  : Volume heat capacity (J/mm3 °C)  

α  : Thermal diffusion (mm2/s) 

q0/A  : Heat flux (W/mm) 

 

 

1.0 INTODUCTION 

 

Welding is one of the techniques of metal splicing by melting 

part of the parent metal, which is heated by certain temperature 

with or without pressure, with or without filler metal [1]. The 

aluminum has often used in the industry for welding processes. 

The advantage of aluminum have a relatively light weight with 

a density of 2.7 g/cm3 or almost 1/3 of the steel type weight, 

mechanical strength and physical properties can be improved 

by adding alloy elements [2]. The type of aluminum that is 

often used in the industry is aluminum series 6061. Aluminum 

6061 classified as aluminum series 6xxx with magnesium and 

silicon blending elements. This type of alloy can be used in 

heat treatment and has the good enough properties of cutting 

capacity and corrosion resistance [3]. However, the weakness 

of aluminum and its alloys can be reviewed from the 

connection process, which is difficult to do with liquid welding 

due to it have a layer of aluminum oxide on its surface. One 

solution in solving the problem of metal splicing techniques is 

to used the friction welding [4,10]. 

The friction welding technology is one of the methods of 

solid state welding type, where the heat source produced by 

two metals that rub against each other. The friction welding is 

one solution to overcome the difficulty of connecting with 

fusion welding [9]. Some study about the friction welding was 

carried out by researches [11-15]. Mehta [11] conducted a 

review on friction-based joining of dissimilar aluminum–steel 

joints and revealed friction-based splicing process has the 

potential to obtain good aluminum-steel joints. More, 

incorporates thick section aluminum to steel with the inter-

metallic formation of FeAl can be suppressed through 

adjustment of the friction welding process [12]. Whilst, based 

[13], they carried out simulations and experimental test to 

identify the interfacial morphology to estimate the post-weld 

microstructure and joint strength of the friction welding 

process. More, [14] evaluated the effect of initial contact 
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geometry on the mechanical properties of frictional aluminum 

welded joints on the mechanical properties. Regarding to [15], 

they developed a rotary friction welding machine and revealed 

the greater pressure exerted on rotary welding machine may 

effect to large torque value. Furthermore, it is a challenge to 

investigate the parameters process of friction welding such as 

friction time, friction pressure, forging time, forging pressure 

and rotational speed in optimal manner [16].  

Kasijanto and Wahjudi [5] concluded in their study that 

the male-female chamfer method can increase the friction 

surface area. Therefore, the welding contact area is also 

increased. However, in this study the timing of forging load is 

not determined because varied the length of time on friction. So 

it can cause a change in length that is greater in specimens. 

Another result of this study is the influence of long friction 

time on changes in the length of the specimen. As the result is 

the longer friction time causes a change in length that is 

greater. This is due to the longer of the friction time, which can 

increase the temperature to affect greater friction. Therefore, a 

study is needed to determine the proper forging load. 

The success of friction welding is influenced by material 

properties and working conditions such as: relative velocity 

between surfaces, applied pressure, temperature formed on the 

surface, bulk properties of the material, surface conditions and 

presence of a thin layer on the surface [16]. The surface 

conditions of the work-specimens such as giving a chamfer 

angle with variations in the diameter of the forging and the 

length of the chamfer angle affect the tensile strength value of 

mild steel [17]. This can be seen with the same forging 

diameter (the length of the chamfer angle varies) for all 

chamfer angles. It is due to the tensile strength value of mild 

steel increase with the greater given chamfer angle. Also with 

the same chamfer angle length (varied forging diameter) for all 

chamfer angles causes the tensile strength value of mild steel to 

increase with the smaller given chamfer angle [17]. This paper 

purpose is to investigate male-female chamfer angle effect on 

forging pressure, specimen length and the maximum tensile 

strength for splicing 6061 aluminum material, which used the 

rotary friction welding process. 

 

 

2.0 METHODOLOGY   

 
In this study was used analytical method to determine the 

timing of forging pressure as an initial reference when 

conducting experimental testing. The material was used a 

specimen of Aluminum 6061, which be joined by a rotary 

friction welding with a length of 90 mm and the diameter of 10 

mm. The specimen surface used male-female chamfer angles 

with variations ranging from 0°, 15°, 30°, 45° and 60°. 
 
2.1 Analytical Method Procedure 

For each thermodynamic cycle, the first law of 

thermodynamics indicates the cyclic integral of work is the 

same as the cyclic integral heat. This means the net work 

transferred from the cycle (marked as positive work) is equal to 

the total heat given to the cycle (marked as positive heat flow) 

[6]. From the Figure 1 and 2 can be explained that there is one 

rotating material and the other material, it given axial press 

force (p) from the x-axis resulting in friction on the surface of 

both materials. The friction occurs in the onset of heat 

influenced by several factors, namely: the friction surface area, 

kinetic coefficient of friction, angular velocity and pressure 

exerted when both materials rub [9]. 

 

    (1) 

 

In general, the distribution of pressure is throughout the 

interface. If all the sliding forces on the interface are assumed 

to be converted to frictional heat, then the average heat input 

per unit area and time becomes in the following equation. 

 

  (2) 

 
Figure 1: The energy works on welding without using male-

female chamfer angles 

 

 
Figure 2: The energy works on welding using male-female 

chamfer angles 

 

 
Figure 3: The surface area of cone 

                   

 

    (3) 

 

Based on Figure 3 is obtained the Equation 4 to determine the 

surface area of the friction [7].  

 

Total surface area = πlR+ πlr+πr2  (4) 

 

To obtain a heat flux value that corresponds to the male-female 

friction surface area model, r is changed to R-x, which can be 

seen in Equation 5. 

 

   (5) 
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So, for equations using the male-female chamfer angles is 

shown in the following equation [8]. 

        

                                  

  

          (7) 

 

 

 
Figure 4: Welding stage [8] 

 

The equations 3 and 7 provide the basis for estimating 

heat generation on the interface during friction welding. The 

constant heat generation model was based on the model 

described by [8]. They states the welding consists of three 

stages, namely heating, steady state, and cooling, as can be 

seen in Figure 4. 

During the heating stage, the welding interface 

temperature increases from the ambient temperature to the 

maximum internal temperature of welding. The time it takes for 

the welding interface to reach the maximum temperature can be 

calculated using the following equation: 

 

    (8) 

 

During the steady state, the temperature of the welding 

interface is assumed to be constant. Therefore, the temperature 

of the upper work-piece is maintained constantly until the end 

of welding.  

 
2.2 Experimental Method Procedure 

In this study was conducted the connection of mild steel 

material with a length of 90 mm and diameter of 10 mm. The 

connection process is done by varying the angle of the chamfer 

on the frictional surface of the work-piece to be connected. 

There were 5 variations [17] of chamfer angles that are 0°, 15°, 

30°, 45°, 60° which can be seen in Figures 5-9. 

 

 
Figure 5: Dimensional male-female chamfer angle of 0° 

 

 
Figure 6: Dimensional male-female chamfer angle of 15°  

 

 
Figure 7: Dimensional male-female chamfer angle of 30°  

 

 
Figure 8: Dimensional male-female chamfer angle of 45°  

 

 
Figure 9: Dimensional male-female chamfer angle of 60°  

 

 

 
 

Figure 10: The process of connecting work-pieces with rotary 

friction welding machine 

 

The connection process was performed using the rotary 

friction welding, which was given friction load of 0.04 N/mm2 

and the forging load of 0.06 N/mm2 for 3 seconds. The rotation 

speed in the connection process was 368 rpm. During the 

connection process of the work-piece with rotary friction 

welding machine, the temperature on the friction surface was 

measured using thermocouple. Therefore, the melt point timing 

can be known well and the timing of forging pressure can be 

done accurately. In Figure 10 can be seen the process of 

connecting the work-piece on a rotary friction welding 

machine.  

 

 

3.0 RESULTS AND DISCUSSION 
 

The result of data was obtained using analytical method and 

experimental method. 

(6) 
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3.1 Data Results by Analytical Calculation 

The calculation with analytical method was computed as 

an initial reference in forging load.  The forging pressure value 

can be calculated using equations 3 and 7, the calculation result 

can be seen in Figure 11. In Figure 11 is depicted the variation 

in male-female chamfer angle affects the value of heat flux 

from the analytical data. The variation in the male-female 

chamfer angle affects the welding process with the given 

forging pressure of 0.04 N/mm2. It was known the larger 

friction surface area, the greater the heat flux value. The largest 

heat flux value was found in the male-female chamfer angle of 

15° for heat flux value of 2.89 W/mm2. The smallest heat flux 

value was 2.05 W/mm2, which occurred at the male-female 

chamfer angle of 0°. 

In Figure 12 can be seen the variation in male-female 

chamfer angle affects the long friction time of the analytical 

results. The variation in the giving angle of the male-female 

chamfer causes the friction surface area to be larger, where the 

greater the value of heat flux, the faster time takes to reach the 

melting point. 

 

 
Figure 11: The result of heat flux analytical method 

 

 
Figure 12: The duration of the swipe of the analytic method 

 

3.2 Experimental Result 

In experimental tests was obtained the time data of forging 

pressure. The specimens used cylinders with a length of 90 mm 

and a diameter of 10 mm where the surface of the friction uses 

male-female chamfer angles with variations ranging from 0°, 

15°, 30°, 45°, and 60°. 

In experimental testing, the work-pieces were tested the 

connection of mild steel material with rotary friction welding 

machine. The variation of chamfer angles of 0°, 15°, 30°, 

45°,60. The forging timing of welding process was given for 3 

seconds when the work-piece has reached its melting point. 

The test result can be found in Table 1. In Table 1, it is known 

that male-female chamfer angle feeding affects the exertion of 

forging pressure on the connection of aluminum material 6061 

on rotary friction welding. The graph of the average forging 

pressure on male-female chamfer angle can be seen in Figure 

18. 

 

Figure 13: The welding result of male-female chamfer angle of 

0°  

 

 

Figure 14: The connection result of male-female chamfer angle 

of 15°  

 

 

Figure 15: The welding result of male-female chamfer angle of 

30°  

 

 

Figure 16: The welding result of male-female chamfer angle of 

45°  

 

 

Figure 17: The welding result of male-female chamfer angle of 

60°  

 

3.3 Comparison of pressure forging analytical method 

versus the experimental method 

In this discussion was conducted to find out whether analytical 

calculations might be used as an initial reference in the 

provision of forging pressure in the connection of aluminum 

material 6061 using rotary friction welding machine.   

In Table 2, there is a difference between the timing of 

forging pressure by analytical method and experimental 

method. This is due to the thermal properties of different 

materials, the clarity material used and the limitation of 

measuring instrument. Therefore, the difference is expressed in 

the percentage of experimental testing error and calculation 

with analytical method. The difference is expressed in the 

percentage of test errors and calculations with analytical 

method that is depicted in Figure 19. 
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Table 1: The result of data experimental test  

 
 

 

 
 

Figure 18: The result of forging pressure duration in 

experimental method 

 

 

3.4 Specimen Length Change Data 

The consequences of to the pressure force and frictional 

length of the specimens that rubbed against each other, 

deformation occurred, which resulted in a reduction in length in 

the specimen. There was a reduction in length that varies with 

each specimen variation. In Figure 20 can be seen the result 

between male-female chamfer angle versus the specimen length 

change. 

In Figure 20, it is known that variations in male-female 

chamfer angles affect length changes in specimens during 

welding with a given forging pressure of 0.04 N/mm2. The 

male-female chamfer angle might cause the friction surface 

area to be larger. Sequence, the larger the friction surface area, 

the smaller the length change in the specimen. This is due to 

the larger the friction surface area, the faster friction time 

needed to reach the melting point of the specimen. Therefore, 

the material was slightly wasted during the welding process 

with the given forging pressure of 0.04 N/mm2. 

 

3.5 Result of Tensile Test 

The tensile tests were conducted to determine the 

maximum tensile strength value of the welding specimens.  

 

Table 2: The comparing data between analytical method and 

experimental method 

 
 

 

 
 

Figure 19: The result of comparing analytic method and 

experimental method 

 

 

 
 

Figure 20: The data result of male-female chamfer angle and 

specimen length change 
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Figure 21: The result of tensile test  

 

In Figure 21, it can be concluded that the highest 

maximum tensile strength is obtained at a male-female chamfer 

angle of 60°, which a tensile test value of 226.47 MPa. The 

lowest tensile strength is obtained at male-female chamfer 

angle of 15° with a value of tensile test of 142.13 MPa. From 

the data it is known that the variation in male-female chamfer 

angle affects the maximum tensile strength value of the 

welding result. This is due to the variation in the giving angle 

of the male-female chamfer affects the welding process. The 

angle of the male-female chamfer causes the area of the 

specimen's friction surface to be larger, then the larger surface 

area that rubs the higher the temperature.  

In addition to the frictional surface area, the long friction 

time also increases the maximum tensile strength result. This is 

due to a more evenly distributed temperature.  So, it can be 

analyzed that at the male-female chamfer angle of 60o is 

recommended in this research.  The male-female chamfer angle 

of 60o has the highest tensile strength value compared to other 

male-female chamfer angles such as at the angle of male-

female chamfer 0°, 15°, 30°, and 45°. This is in accordance 

with the research conducted by Kasijanto et al. [5], which states 

that the male-female chamfer method can increase the surface 

area of friction, so that the area of contact area of welds also 

increases. The influence of long-time friction on tensile 

strength has a linear tendency where the longer the friction time 

the higher the tensile strength [5]. This is due to the 

temperature of the friction resulting from more evenly 

distributed in specimens with a longer friction time. 

 

 

4.0 CONCLUSION 
 

The conclusions obtained from this study are as follows: 

1) The timing of forging pressure during the welding process 

was varies. It is the effect of the giving of male-female 

chamfer angle variations on the friction surface of the 

specimen. The longest forging pressure is at the chamfer 

male-female angle of 0° and the fastest forging pressure at 

the male-female chamfer angle of 15°. 

2) The changes in specimen length during welding process of 

each male-female chamfer angle variation is varies due to 

different of friction length. It is also the longer the friction 

time, the more material wasted. The largest change in 

length is at the angle of the male-female chamfer of 0° and 

the smallest change in length at the angle of the male-

female chamfer of 15°. 

3) Maximum tensile strength against friction welding 

connection with male-female chamfer angle variations 

obtains the largest tensile strength result at male-female 

chamfer angle of 60° with a value of 226.46 MPa. The 

smallest tensile strength result at a male-female chamfer 

angle of 15° with a value of 142.13 MPa. Therefore, it can 

be concluded that at the angle of male-female chamfer of 

60° achieved the optimal result in this research. 
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