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Abstract - Friction drilling is non-traditional hole 
drilling method which uses the frictional heat due to 
the friction between a rotating conical tool and the 
workpiece to soften and penetrate the work-material 
and obtained a hole in a thin wall thickness material 
and at the result a bushing form. The selected spindle 
speeds were 1200rpm, 1800rpm, 2400rpm, 3000rpm, 
3600rpm, and 4200rpm, feed rates were 25mm/min, 
50mm/min, 75mm/min, and and100mm/min. Tool 
material was HSS which has 36o conical angle and 
16mm cylindrical region length, workpiece materials 
were A1050, A6061, A5083, and A7075-T651 
aluminium alloys which have different thermal 
conductivity coefficients and 4mm thickness. It was 
investigated the generated frictional heat, surface 
roughness, and bushing height according to spindle 
speeds, feed rates, and thermal conductivity coefficient 
of the materials.  At the end it was discovered that with 
increasing thermal conductivity coefficients, the 
sufficient frictional heat was gained at the high spindle 
speeds and low feed rates. The greater bushing heights 
were obtained at lower spindle speeds and high feed 
rates. In friction drilling A5083, A6061, and A7075-
T651 aluminium alloys, the optimum surface 
roughness were generated at 2400rpm and all of feed 
rates, which were used, the optimum surface roughness 
values were provided. Due to the high thermal 
conductivity coefficient of A1050 aluminium alloy the 
optimum surface roughness values were gained at 
25mm/min and 2400rpm, at 50mm/min and 3000rpm, 
at 75mm/min and 3600rpm, 100m/min and 4200rpm 
feed rate and spindle speed couples.  
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1. Introduction 

 Friction drilling is a non-traditional hole making 
method that uses the heat generated due to the 
friction between a rotating conical tool and the 
workpiece to soften and penetrate the work-material 
and generate a hole in a sheet material and at the 
result a bushing forms [1-13]. In friction drilling 
forms bushings from the sheet metal material, it is 
clean and chip less drilling method.  The material 
properties and microstructures are changed in friction 
drilling because of high temperature and strain. In 

machining and production methods these results 
often unwanted but they are unavoidable and 
important to affect the quality of friction drilled holes 
[3-5]. Contrary to the traditional drilling there is no 
chip and waste material, all extruded material 
contributes to form the bushing and it eliminates chip 
generation in friction drilling, therefore it can be 
called clean and chipless hole making process. Tool 
life is increased, time of processing and cost of 
drilling are reduced, and bushing form is thicker than 
the workpiece about three times, which provides 
longer contact area that fitted a shaft firmly [6-11].  

 According to the tool geometry there are four 
steps in friction drilling. First, the tip of the tool 
approaches and penetrates the work piece. Second, 
the generated heat that softens the work material due 
to the friction on the contact surface which is 
between tool and work piece. Third, he softened 
material is pushed sideward and tool moves forward 
to form the bushing using the cylindrical section of 
the tool. Fourth, the extruded burr on the boss 
pressed to the work piece surface by the shoulder of 
the tool and finally the tool retract and leaves a hole 
with a bushing [4]. The tool tip and the friction force 
on the contact area which is between the tool-
workpiece interfaces, like the web centre of the twist 
drill deals into the workpiece and support the drill in 
both radial and axial directions. The softened 
material pushed sideward by the tool which extruded 
and pierces through the workpiece. The tool tip 
penetrates the workpiece and tool waves further 
forward to push the softened material and form the 
bushing with using the cylindrical part of the tool [5]. 

 The purpose of the bushing is increased the 
thickness for threading and available clamp load. 
Friction drilling is suitable apply to ductile materials. 
The petals and cracks formations are generated at the 
bushing which obtained at the end of friction drilling 
of brittle cast metals. Petal formation generates a 
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bushing with limited load capability for thread 
fastening. The difference in brittle and ductile 
workpieces can be seen as the brittle work-material 
does not form a bushing with desired shape and 
ductile work-material has a smooth, cylindrical 
bushing with sufficient length. The ratio of 
workpiece thickness (t), to tool diameter, (d), is an 
important parameter in friction drilling. The high of 
bushing contributed at high t/d represents that a 
relatively longer portion of material is displaced 
materials with higher strength requires more thrust 
force to be penetrated. The bushing shape, the 
cylindricality, petal formation, bushing wall 
thickness, and surface roughness are made to judge 
the friction drilled hole quality. The bushing shape, 
which becomes cylindrical, has less fracture as 
workpiece temperature increases. At high spindle 
speed and pre-heating, the thrust force, torque, 
energy and power reduce for friction drilling of 
brittle cast metals. The thrust force and torque are 
reduced at higher feed rates and shorter cycle time 
for hole drilling [5]. The bushing height is usually 
two to three times as thick as the original workpiece 
[6]. The ductility of workpiece material, which is 
extruded onto both the front and back sides of the 
material drilled, increases due to the frictional heat. 
The length the threaded section of the hole can 
increases about three to four times because of the 
added height of the bushing shape [7]. The bushing 
shape is to increase thickness to threading and 
available clamp load. [8]. 

 The friction drilling tools geometry is important. 
The tool geometry becomes from five regions, which 
are called centre, conical, cylindrical, shoulder, and 
shank regions. The centre region, like the web of 
twist drill, provides the support in the both radial and 
axial directions. Conical region has sharper angle 
than the centre region. This region rubs against 
workpiece in the contact area which is between and 
pushes the material sideward to shape the bushing. 
Shoulder region touch to the workpiece to round the 
entry edge of the hole. Shank region grippes the tool 
to holder of the machine [6]. 

 The temperature in the work piece cause to 
undesired material damage and improper bushing 
formation. In friction drilling of materials which 
thermal conductivities are high, a large portion of the 
heat is transferred into the work piece. Low 

temperature causes insufficient ductility and 
softening resulting in high thrust force and improper 
bushing formation. These effects removed with 
selection of low spindle speeds for materials which 
have low thermal conductivity coefficient and high 
spindle speeds for material which have high heat 
conductivity coefficient [4]. The low elongation of 
materials suggests the high fracture and petal 
formation. The frictional heat which generated at the 
tool-workpiece interface provides information about 
thermal properties. The high thermal conductivity of 
the material cause to more heat transfer away from 
the tool-workpiece interface quickly, which reduces 
the workpiece temperature and ductility for bushing 
formations. In friction drilling the workpiece material 
melting temperature is important. The maximum 
temperature which is generated is about 1/2-2/3 of 
the workpiece melting temperature. The material 
plasticity is increased at elevated temperature which 
occurred at high rotational speed and pre-heating 
conditions. Most of the energy converts into heat and 
transfers to the workpiece and tool [5]. The tool 
surface temperature increases with increasing spindle 
speed and the more friction heat is generated. The 
friction coefficient, which is between the tool and 
workpiece contact area, increases with increasing the 
number of holes drilled, thus raising the surface 
temperature. Lower thermal conductivity of the tool 
and workpiece material causes to increase both tool 
surface temperature and the temperature, which is in 
contact area between tool-workpiece interfaces. The 
lower tool thermal conductivity resulted in less 
significant variation in axial thrust force produced 
and tool surface temperature [9]. 

  With increasing spindle speed the metal 
crystallization energy is increased and generated 
uneven melting temperature, thus the surface 
roughness value is smaller. Large feed rates are 
caused to insignificant melting temperature and 
incomplete melting of the material. The material, 
which is incomplete melting, adhering on drill and 
therefore the surface roughness of the hole is 
increased. Slow feed rates are caused to material 
melting temperature, which have different cooling 
speeds. The upper material layer is cool down faster 
than the lower material layer. Thus the drill tool 
adhere the metal chip, and obtain a bad hole surface 
quality [8]. The greater the number of hole drilled the 
higher the tool surface temperature. This can be 
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attributed to the greater surface roughness, as a result 
of adhesion tool to workpiece [9]. 

The purpose of this experimental study is 
investigated the friction drilling of aluminium alloys 
which have different thermal conductivity 
coefficient. It was analysed the effect of the thermal 
conductivity on the surface roughness, bushing 
height and bushing wall thickness, depended on the 
spindle speeds and feed rates. 

 
2. Nomenclature 

 

d: Hole diameter (mm) 

ØD1: Tool shoulder diameter (mm) 

ØD: Tool shank diameter (mm) 

t: Material thickness (mm) 

ha: Bushing height (mm) 

n: Spindle speed (rpm) 

f: Feed rate (mm/min) 

L: Tool handle region (mm) 

T: Tool shoulder region (mm) 

hl: The length of the tool cylindrical region (mm) 

hn: The length of the tool conical region (mm) 

hc: The length of the tool tip region (mm) 

 β: Tool conical angle (o) 

α: Tool tip angle (o) 

 

3. Experimental setup and procedure 

A HESSAP True – Trace C – 360/3D 1095 Model 
copy milling machine was used for friction drilling 
experiments of A7075 – T651 material. Overview of 
the setup in HESSAP True – Trace C – 360/3D 1095 
Model copy milling machine was shown in Fig. 1. 
The tool was held by a standard tool holder. The tool 
used in this study has d: 8 mm diameter, hl=16 mm 
tool cylindrical height, α=900, β=360. The tool 
material was High Speed Steel (HSS) showed in Fig. 
2. The spindle speeds used as 1200 rpm, 1800 rpm, 
2400 rpm, 3000rpm, 3600 rpm, 4200 rpm, and the 
feed rates 25mm/min, 50 mm/min, 75 mm/min, and 
100 mm/min respectively. A7075-T651 materials 
were used for experiments, which had 4mm 
thickness, in this friction drilling study. 

 

 

Figure 1: Experimental setup with tool, thermo couple and work piece. 
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Figure 2:  Key dimensions of the friction drilling tool (a) and its image (b) 

 

In this friction drilling of aluminium alloys, which 
have different thermal conductivity coefficients, 
there were used two different thermocouples to 
measure the frictional heat. Their diameters were 
2mm. The distance between the drilled hole and the 
centre of the first thermocouple hole was 7mm, and 
the second thermocouple hole was 6mm (Fig. 3). The 
distance between the hole surface of the first 
thermocouple and the surface of drilled hole was 

2mm, and the hole surface of the second 
thermocouple was 1mm. The frictional heat which 
was measured with the second thermocouple taken 
into considers, because of it was greater. Surface 
roughness was measured with Taylor Hobson 
Surtronik 3+ apparatus at 0.25cm distance. The 
bushing heights were measured with a depth 
micrometer at four different positions and in them the 
greater value was taken into considers. 

 

 

 
 

Figure 3: Thermocouples fixing positions a) picture, b) designed image 
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The bushing shapes, which were generated at the 
result of drilled aluminium alloys, were demonstrated 
in Fig. 4.  These bushings were generated in friction 
drilling aluminium alloys at 1200rpm spindle speed 
and 25mm feed rate. There was 1mm distance 
between the holes surface of thermocouple and the 
surface of drilled holes which were pointed out in 
Fig. a, c, e, and g. There was 2mm distance between 

the holes surface of thermocouple and the surface of 
drilled holes which were pointed out in Fig. b, d, f, 
and h. The bushing heights were measured with a 
depth micrometer at four different positions, which 
was shown in Fig. 4.h. as ha, and take into considers 
the greater values. The mechanical and thermal 
properties of the aluminium spaces which were used 
in this experimental study were denoted on Table1.

   

 

 
 

Figure 4: Bushing pictures that obtained, (A1050 a-b), (A5083 c-d), (A6061 e-f), (A7075 g-h) 

 

Table 1: The properties of experimental materials 

Properties A1050 A5083 A6061 A7075-T651 
Melting Temperature (oC) 675 638 652 635 
Density (g/cm3) 2.705 2.66 2.70 2.8 
Thermal conductivity (W/m-K) 231 120 180 130 
Tensile strength (MPa) 76 290 90 572 
Yield strength (MPa) 28 145 48 503 
Elongation (%) 39 17 22 11 
Shear strength (MPa) 62 172 69 152 

 

 

4. Results and discussion 
 

4.1. The generated frictional heat  

The low thermal conductivity of the material, high 
spindle speeds, and low feed rates were caused to 
obtained high temperature in tool-workpiece contact 
area. The frictional heat was increased regularly 
when thermal conductivity of the material was 
decreased.  High thermal conductivity of the 
workpiece and tool material was caused to dissipate 
the heat into tool and workpiece, therefore the 
obtained heat of the process was reduced. The high 
thermal conductivity caused to more heat transfer 
away from the tool-workpiece interface quickly. 
With increasing spindle speed and decreasing feed 
rate the process temperature of friction drilling 
process was increased due to high tool cycling at unit 
feed rate. The tool surface temperature was increased 

with increasing spindle speeds, decreasing feed rates, 
and thermal conductivity of frictional drilled 
material. 

The effective of thermal conductivity, spindle 
speed, and feed rate over the friction drilling process 
temperature of aluminium alloys were shown in 
Figure 5. The maximum heat was measured as 
241.80C at 1 mm far from the surface of the friction 
drilled hole to A5083 aluminium alloy, which has the 
lower thermal conductivity coefficient, at 25mm/min 
feed rate and 4200 rpm spindle speed. The lower 
obtained heat was measured as 86.90C at 1 mm away 
from the hole surface of the friction drilled hole to 
A1050 aluminium alloy, which has higher thermal 
conductivity coefficient, at 100 mm/min feed rate 
and 1200 rpm spindle speed. Due to increases the 
deformations affection at high feed rates, insufficient 
melting temperature was obtained in tool-workpiece 
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contact area. Therefore with increasing feed rates the 
frictional heat was decreased. With increasing 
spindle speeds the friction cycling numbers, which 
was occurred between too-workpiece surfaces were 
increased, therefore the obtained heat was increased 

too. The bushing shapes were generated as petals, 
which had been cracks, in friction drilling of A5083 
and A7075-T651 aluminium alloys due to the lower 
elongation values.   

 

 

Figure 5. The effect of the thermal conductivity, spindle speed, and feed rate on temperature 

 

4.2. The surface roughness 

     Large feed rates were caused to insignificant 
softening temperature and incomplete softening of 
the material. Because of incomplete softening 
temperature, the material was adhering on drill and 
therefore the surface roughness of the hole increased. 
Slow feed rates were caused to material melting 
temperature, which have different cooling speeds. 
The upper material layer was cooled down faster than 
the lower material layer. Thus the drill was adhered 
to the metal chip and obtained bad surface quality. At 

high spindle speeds, the generated frictional heat was 
increased, and this was attributed the greater surface 
roughness due to workpiece adhesion to the drill tool. 
At lower spindle speeds due to the insufficient 
softening temperature the surface of the drilled hole 
had been different cooling speed the surface 
roughness was increased.  

      The effects of the thermal conductivity, spindle 
speed, and feed rate on the surface roughness were 
observed in figure 6. For the A1050 aluminium alloy, 
the optimum surface roughness values were obtained 
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at 25mm/min and 2400rpm, at 50mm/min and 
3000rpm, at 75mm/min and 3600rpm, 100m/min and 
4200rpm. Due to the high thermal conductivity 
coefficient of A1050 alloy, with increasing both feed 
rate and spindle speed the sufficient frictional heat 
was obtained, therefore the surface quality was 
increased. For A5083, A6061, and A7075-T651 
aluminium alloys, at 2400rpm and all of feed rates, 
which were used, the optimum surface roughness 
values were provided. The minimum surface 

roughness values were measured at 4200rpm and 
25mm/min as 2.6µm for A1050, at 2400rpm, 
25mm/min and 75mm/min as 2.8µm for A6061, 3µm 
for A5083, and at 2400rpm, 50mm/min and 
100mm/min feed rates as 2.4µm for A7075-T651 
aluminium alloys. For gaining the sufficient 
frictional heat in friction drilling aluminium alloys, 
which has large thermal conductivity, great spindle 
speeds and low feed rates were required.

 

 

 

Figure 6. The effect of the thermal conductivity, spindle speed, and feed rate on surface 
roughness 

 
 
4.3. The bushing height 

In friction drilling of materials which thermal 
conductivities were high, a large portion of the heat 
was transferred into the work piece. Low temperature 
caused insufficient ductility and softening resulting 

in improper bushing formation. These effects were 
removed with selection of low spindle speeds for 
materials, which had low thermal conductivity 
coefficient, and high spindle speeds for material, 
which had high heat conductivity coefficient. Low 
elongation of materials suggested the high fracture 



      100                                                                                                                                  TEM Journal – Volume 2 / Number 1/ 2013. 
   www.temjournal.com 

and petal formation. The high thermal conductivity 
of the material caused to more heat was transferred 
away from the tool-workpiece interface quickly, 
which was reduced the workpiece temperature and 
ductility for bushing formations.  

The effects of the thermal conductivity, spindle 
speed, and feed rate on bushing height were observed 
in figure 7. The greater bushing heights were gained 
at 1800rpm and 50mm/min feed rate in friction 
drilled A1050 aluminium alloy and it was measured 
as 8.56mm, in friction drilled A6061 alloy the larger 
bushing height was measured as 6.71mm. In friction 
drilling A7075-T651 aluminium alloy the bushing 
height was measured as 6.27mm at 3000rpm spindle 
speed and 50mm/min feed rate, at 3600rpm spindle 

speed and 100mm/min feed rate it was measured as 
6.06mm for A5083 aluminium alloy.  

Bushing height was increased orderly with 
increasing feed rate due to softened material were 
pushed in direction of tool motion. It was decreased 
regularly with increasing spindle speed because of 
the affection of the high momentum, which obtained 
at high spindle speeds. At 1200rpm spindle speed 
due to insufficient temperature and softening the 
material lower bushing height values were gained.  
When spindle speed was greater than 1800rpm 
because of the high momentum affection the softened 
material dissipated in radial direction and bushing 
height values were decreased.

 

 

 

 

Figure 7. The effect of the thermal conductivity, spindle speed, and feed rate on bushing Height 
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5. Conclusions 
 
The high frictional heat was generated at high 

spindle speeds and feed rates in friction drilling of 
aluminium alloys which have low thermal 
conductivity coefficient. The frictional heat was 
increased regularly when thermal conductivity of the 
material was decreased.  High thermal conductivity 
of the workpiece and tool material was caused to less 
frictional heat generated. The maximum heat was 
measured as 241.80C at 1 mm far from the surface of 
the friction drilled hole to A5083 aluminium alloy, 
which has the lower thermal conductivity coefficient, 
at 25mm/min feed rate and 4200 rpm spindle speed. 
At high feed rates, insufficient melting temperature 
was generated in tool-workpiece contact area. With 
increasing spindle speeds the friction cycling 
numbers, which was occurred between too-
workpiece surfaces were increased, therefore the 
obtained heat was increased. 

 
Because of incomplete softening temperature, the 
material was adhering on drill and therefore the 
surface roughness of the hole increased. At slow feed 
rates, because of different cooling speed on the 
surface of the workpiece the surface roughness was 
increased. Due to the high thermal conductivity 
coefficient of A1050 alloy, with increasing both feed 
rate and spindle speed the sufficient frictional heat 
was obtained, therefore the surface quality was 
increased. A5083, A6061, and A7075-T651 
aluminium alloys, at 2400rpm and all of feed rates, 
which were used, the optimum surface roughness 
values were provided. For gaining the sufficient 
frictional heat in friction drilling aluminium alloys, 
which has large thermal conductivity, great spindle 
speeds and low feed rates were required. 
 
 At high feed rates the bushing height was 
increased systematically due to softened material 
were pushed in direction of tool motion, and it was 
decreased regularly with increasing spindle speed 
because of the affection of the high momentum. 
Because of insufficient temperature and softening the 
material lower bushing height values were gained at 
1200rpm spindle speed.  At greater than 1800rpm 
spindle speeds because of the high momentum 
affection the softened material dissipated in radial 
direction and bushing height values were decreased. 
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