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Abstract:  
Friction drilling is a non-traditional hole making process in which the frictional heat between the tool and the work piece is used 

for drilling hole. It is chip less process. The hole is created by the penetration of high speed rotating conical tool in to the work 

material. At the time of penetration friction between the tool and work material will generate the heat. It causes to make hole and 
forming of the bush. Because of the above mentioned advantages, now a days friction drilling is being widely used in many 

industries. Hence this topic is chosen for the research. The present work is aimed at investigating the friction drilling process. 

First experiments were conducted as per the Design of Experiments. As the friction drilling process is a complex process, trial 

experiments are conducted to find the major influencing parameters. The parameters i.e Speed, Feed and Tool angle are taken as 

the input parameters and Surface roughness and Dimensional error are taken as the output responses. The experiments are 

conducted on AL6061 alloy and HSS as the tool material. The plots were drawn between input parameters and the output 

responses using the Design Expert software. 
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I. INTRODUCTION 

Friction drilling is quite opposite to this technique 

which uses a tapering bit prepared by high heat resisting 

material like High Speed Steel. This expedient is get penetrate 

counter to a spot fixed on the material with both, great 

rotational speed and feed. That leads to production high heat 

which make softer the material, makes it plastic in nature. The 

tool then "sinks" through the entity, generating a hole in it. 
During drilling, work piece get expands and it generates a bush 

about the hole. The bush is up to 3 times the creative thickness 

of the material. The existence of metal lip makes the hole edges 

of relations greater. Various choices are adopted by this 

expertise. This may consist of a cutting device that eliminates 

the distinctive "collar" of plastified that streams upwards, thus 

an even upper surface is the results. To diminish the requisite 

axial force and to consent a smooth finish in the bushings at the 

completion side, drilled holes may be used. These can also 

know as thermal drilling, flow drilling, form drilling, or friction 

stir drilling. Friction drilling is applicable on bicycle frames, 

heat exchangers, and to produce holes for intensifying bearings. 
 Friction Drilling is one of the non-traditional drilling 

processes. It is chip less process. The hole is created by the 

penetration of high speed rotating conical tool in to the work 

material. At the time of penetration friction between the tool 

and work material will generate the heat. It causes to make hole 

and forming of the bush.  

Friction drilling process is clean and chip less drilling 

method. In friction drilling process the formation of bushing 

was done from the material. In this process due to high 

temperature and strain the material properties and 

microstructures are changed. 
Based on the shape of tool, it has four stages of 

operation. In the first step, the tool tip comes to contact and 

penetrate in to base material. In second step, heat was 

developed during the process because of high contact area 

between tool and base material. In the third step, using the 

cylindrical section of the tool softened material is pushed 

accordingly in the direction of tool travels forward and causes 

to formulate the bushing.            

 
Figure 1 illustration stages of friction drilling 

 

In the fourth step, the softened material pushed 

sideward by the tool, finally the tool is retract and leaves a hole 

with a bushing. The tip of the tool enters the work piece and 

tool influences additional accelerative to impulse the 

moderated material and practice the bushing with by means of 

the cylinder-shaped portion of the tool. The persistence of the 

bushing is improved the thickness for threading and existing 

clamp load. The petals and cracks developments are produced 

at the bushing which attained at the completion of friction 
drilling of brittle cast metals. Petal development produces a 

bushing with inadequate load capability for thread fastener.  If 

the work pieces as the brittle work-material it does not form a 

bushing with preferred geometry and the work piece as ductile 

work-material it form a bushing with cylindrical shape and a 

smooth, with sufficient length. This is the main difference 

between the brittle and ductile material. Ductile materials are 

suitable for Friction drilling process. 

In the friction drilling due to high thermal 

conductivity more heat is generated, that generated heat is 

transferred in to the work. In case, if low temperature is build 

up in work it causes high thrust force and irregular bushing 
formation. This effect was removed by choosing low spindle 

speed for low thermal conductivity materials and high spindle 

speed for great thermal conductivity materials. The minimal 
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elongation of ingredients recommends the great crack and petal 
establishment. The produced friction at tool and work border 

gives statistics about the thermal characteristics. The great 

thermal conductivity of the material effect to extra heat 

transmission gone from the tool-work piece interface swiftly. It 

diminishes the temperature at the work piece and ductility for 

bush formation. In friction drilling process the melting 

temperature of work is significant factor. In this process the 

maximum temperature which is generated is about 50 to 75 

percentage of the melting temperature. The plasticity of 

material is improved at higher temperature which happened at 

great rotational speed and pre-heating circumstances. In this 
process the most of the generated heat is transferred in to tool 

and work. The temperature of the tool is increases because of 

the increases in spindle speed and friction between the work-

tool. The friction coefficient causes to increases the 

temperature of work surface because the number of hole on the 

work piece is increases the temperature coefficient is increases. 

Due to less thermal conductivity of the tool and work piece it 

may causes to increase both temperature of the tool and the 

contact area between the work and tool. Great feed rates are 

instigated to improper melting temperature and partial melting 

of the material could not get perfect melting. Improper melting 
of material the surface roughness of hole should be increases. 

Deliberate feed rates are instigated to proper melting 

temperature, it need various cooling rapidity on work. The top 

layer of the work piece is cool down faster than comparing 

with lower layer of work piece. Due to many number of hole 

drilled on work piece the temperature of the tool surface is 

increases. As a result of adhesion tool to work piece it 

accredited to the good surface roughness. The purpose of this 

experimental is to study the investigation of the friction drilling 

of aluminium alloys which needs several thermal conductivity 

co-efficient. It was scrutinized the effect of the thermal 

conductivity on the surface roughness, bushing height and 
bushing wall thickness, be subject to on the spindle speeds and 

feed rates. 

II. EXPERIMENTAL WORK 

The experiments are carried on three axes CNC 

vertical machining center named as  VAYU BMV51 TC24 

having speed range of 60-6000 RPM. The material selected for 

this study is AA6061 Aluminium hollows channel as work 

piece material and HSS as tool material. This Material being 

widely used in fabricated structures and is good for friction 

drilling. Work piece materials as 3 pieces of Rectangular 

channel of 50 x 25 x 2 mm thickness and 320 mm length has 
been selected to drill the holes. Friction drilling tools 8mm 

made of HSS have been selected for experimentations. The 

tools have the standard geometry viz. point, conical section, 

cylindrical section, shoulder and the shank. The sharp edges at 

progressions of tool from point to conical and from conical to 

cylindrical are rounded to protect the tool from initial wear and 

to increase the tool life. Small amount of parting paste is 

applied on tool prior to the friction drilling operation in order 

to prevent the material transfer from work piece to the tool and 

to protect the tool from early wear. The work piece was held on 

the top of the drill tool dynamometer using the vise. The tool 

was held by a standard cullet tool holder.  
Three similar materials used for experiments in this 

friction drilling study of 2mm thick. The materials with higher 

strength should require more thrust force for the hole 

penetration. Thermal property measurement provides 

information on how the work material responds to the friction 

heating at the tool-work piece interface. 

Table 1. Experimental Conditions 

S.No 
Input 

Parameters 
Units 

Levels 

I II III 

1 Speed RPM 2200 2400 2600 

2 Feed MM/REV 30 40 50 

3 Tool angle DEG 350 400 450 

For the experimentation work, with help of above 

mentioned input parameters and its levels the process 

parameters are generated by using DOE. That all 27 process 

parameters are listed in the table2. 

 

NOMENCLATURE OF TOOL 

In this process the tool geometry is very important. In 

the tool mainly there are five parts (figure2); they are center 
region, conical region, cylindrical region, shoulder region and 

shank region. The center region provides the support in the 

both radial and axial directions. Conical region is more sharper 

then the center region, this region generates the heat and 

caused to softened the material. It also pushes the material in 

the direction of tool movement and forms bushing.  Cylindrical 

region is gives the required dimension of the hole that is the 

diameter of the shaft is the diameter of the hole. Shoulder 

region presses to the work piece to round the entry edge of the 

hole. Shank region is used to hold the tool in the tool holder. 

 
Figure 2 Nomenclature of a friction drill 

The tool basically divided into five regions, they are 

 Shank region 

 Shoulder region 
 Cylindrical region 

 Conical region 

 Center region 

 

The manufactured tools are ready after machining is 

shown in the figure 3 

 
Figure 3 Tool after manufacturing 
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 For the experimentation work, with help of above 
mentioned input parameters and its levels the process 

parameters are generated by using DOE. That all 27 process 

parameters are listed in the table 2 

 

Table 2: Experimental design and measured Responses 

 

S.

N

o 

Spee

d 

(RP

M) 

Feed 

(MM/RE

V) 

Tool 

angle 

(DEG) 

Output Responses 

Surface 

roughnes

s 

Dimensio

nal error 

1 2600 30 45 4.093 7.724 

2 2200 30 35 2.204 7.654 

3 2400 50 45 5.093 7.603 

4 2600 40 40 4.343 7.264 

5 2400 30 40 2.904 7.325 

6 2600 30 35 4.293 7.43 

7 2200 30 45 4.343 7.614 

8 2200 50 40 4.103 6.978 

9 2200 40 35 2.974 7.423 

10 2400 40 40 4.213 7.216 

11 2400 40 35 3.383 7.509 

12 2200 30 40 2.493 7.54 

13 2200 40 40 3.633 7.271 

14 2600 40 45 5.254 7.659 

15 2600 50 45 5.593 7.811 

16 2600 40 35 4.573 7.268 

17 2200 40 45 4.353 7.482 

18 2600 50 35 6.114 7.422 

19 2400 30 35 2.003 7.504 

20 2400 30 45 3.103 7.664 

21 2400 50 45 3.433 7.452 

22 2200 50 45 4.304 7.527 

23 2400 50 40 3.383 7.31 

24 2400 40 45 4.293 7.575 

25 2600 50 40 4.694 7.497 

26 2200 50 35 3.383 7.44 

27 2600 30 40 3.583 7.373 

 

The surface roughness obtained 
In the given table after performing experimental trails 

the important property is to be measured is surface roughness 

test, which is going to be measured by surface roughness tester 

SJ-201 according to the bushes obtained. And obviously all 

drilled holes by friction drill will be measured by these 

apparatus. Due to large feed rates insufficient softening 

temperature and undeserved softening of the w/p material will 

be caused. Due to the material adhering on drill will increase 

the hole surface roughness. Accordingly slow feed rates were 

caused to melting material temperature, accordingly given 

speeds. In this trail upper layer was cooled faster than the lower 

obtained. In this experiment top surface roughness is obtained 
as 6.97 µm at 3000Rpm, at 30mm/min as feed rate, same at 

60mm/min, at 2500Rpm.The minimum surface roughness 

obtained as3.07µm at 2000Rpm at 30mm/min and again as 

3.17µm at 3000Rpm at 30mm/min on AA6061 aluminum 

hollow channel shown in Table 2. 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Mitutoyo SJ-201 surface roughness tester 

 

Dimensional error of holes measured by CMM 

In this experiment Dimensional Error diameters of the 

friction drilled holes are measured by the Coordinate 

measuring machine (CMM), which is illustrated in the Table 2  

abled above. The quality of drilled holes is widely inspected by 

Dimensional Error (DE) through CMM and all the efforts are 

required to produce the desired size holes. In this Experiment 
higher dimensional error (DE) recorded as 8.3511 mm by using 

the conical angle of the tool 55°. And the least DE recorded as 

7.9817mm by using the conical angle of the tool 35°. 

 

III. ANALYSIS OF INPUT PARAMETERS ON OUTPUT RESPONSE 

BY USING RSM 

In this research work the analysis of input parameters 

on output responses was done with the help of response surface 

methodology. In the following sections detailed analysis of 

indusial output response was discussed. The analysis was done 

with the help of “DESIGN EXPERT V9” software. 

 

 Main effects of Surface roughness 

In the given graphs are drawn by the “DESIGN 

EXPERT V9” software, after performing experimental trails 

the important property is to be measured is surface roughness 

are done by Surface roughness tester SJ-201by Mitutoyo 

Corporation. Here Graphs shows the variances accordingly 

speed, Feed, and conical angles are shown in the figures (5,6 

and 7). The actual verses predicted surface roughness values 

are also shown in the below graphs (8). 

 
Figure 5 Variation of Surface roughness with Speed 
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According to the analysis report as the speed increases 
surface roughness increases as shown in figure 5   

Figure 6 Variation of Surface roughness with Feed 
 

According to the analysis report the Surface 

roughness is to be higher on feed in figure 6 

 
Figure 7 Variation of Surface roughness with conical angle 

 

 

According to the analysis report surface roughness is 
increased orderly with increasing of conical angles as shown in 

graph above figure 7. 

 
Figure 8 Actual Vs Predicted values of surface roughness 

The normal probability plots of the surface roughness 
are presented in Figure 8 respectively 

 

Table 3 Analysis of variance table ANOVA table for for 

surface roughness S.R 

 
Sum of 

 
Mean F p-value 

 

Source Squares df Square Value Prob > F 
 

Model 21.35 9 2.37 9.82 < 0.0001 significant 

A-Speed 6.42 1 6.42 26.57 < 0.0001 
 

B-Feed 6.17 1 6.17 25.51 < 0.0001 
 

C-Tool 

Angle 
2.40 1 2.40 9.94 0.0058 

 

AB 0.24 1 0.24 0.98 0.3372 
 

AC 1.67 1 1.67 6.92 0.0176 
 

BC 0.41 1 0.41 1.71 0.2089 
 

A2 2.32 1 2.32 9.59 0.0066 
 

B2 0.51 1 0.51 2.11 0.1641 
 

C2 0.60 1 0.60 2.48 0.1334 
 

Residual 4.11 17 0.24 
   

Lack of 

Fit 
2.73 16 0.17 0.12 0.9882 

not 

significant 

Pure 
Error 

1.38 1 1.38 
   

Cor Total 25.46 26 
    

   
Std. 

Dev. 
0.49 

R-

Squared 
0.836 

   Mean 3.93 
Adj R-

Squared 
0.7532 

 

Main effects of Dimensional error 

In the given graphs are drawn by the “DESIGN 

EXPERT V9” software, In this study the dimensional errors of 

holes are precisely measured by 3D CMM. To obtain the 

desired accuracy three reading have been taken at same depths 

with reference top flat. Here Graphs shows the variances 

accordingly speed, Feed, and conical angles are shown in the 

figures (9,10 and 11). The actual verses predicted surface 

roughness values are also shown in the below graphs (12). 

 
Figure 9  Variation of Dimensional Error with speed 
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According to the analysis report as the speed increases 
Dimensional Error increases as shown in graph above figure 9. 

Figure 10 Variation of Surface roughness with feed 

According to the analysis report as the feed increases 

Dimensional Error increases as shown in graph above figure 10. 

 
Figure 11 Variation of Dimensional Error with conical angle 

 

The normal probability plots of the dimensional error 
are presented in Figure 11 respectively 

 
Figure 12 Actual Vs Predicted values of dimensional error 

 
The normal probability plots of the dimensional error 

are presented in Figure 12 respectively 

 

 

Table 4 The ANOVA table for dimensional error 

 
Sum of 

 
Mean F p-value 

 
Source Squares df Square Value Prob > F 

 
Model 0.71 9 0.079 10.44 < 0.0001 significant 

A-Speed 0.015 1 0.015 1.97 0.1781 
 

B-Feed 0.051 1 0.051 6.77 0.0186 
 

C-Tool 

Angle 
0.12 1 0.12 15.46 0.0011 

 

AB 0.095 1 0.095 12.49 0.0025 
 

AC 0.078 1 0.078 10.30 0.0051 
 

BC 
1.626E-

003 
1 

1.626E-
003 

0.21 0.6491 
 

A2 
3.429E-

003 
1 

3.429E-

003 
0.45 0.5103 

 

B2 0.033 1 0.033 4.36 0.0521 
 

C2 0.30 1 0.30 39.09 < 0.0001 
 

Residual 0.13 17 
7.582E-

003    

Lack of 

Fit 
0.12 16 

7.343E-

003 
0.64 0.7693 

not 

significant 

Pure 

Error 
0.011 1 0.011 

   

Cor Total 0.84 26 
    

   
Std. 

Dev. 
0.087 

R-

Squared 
0.8468 

   Mean 7.46 
Adj R-

Squared 
0.7656 

 

IV. CONCLUSION 

Based on the results obtained from trial experiments it 

is found that the parameters i.e. speed, feed and tool angles are 

the major influencing parameters. Hence they are chosen for 

study. The Regression coefficient R2 value for the surface 

roughness is 0.836. which is found from the modelling of 

experimental data using RSM method. The Regression 

coefficient R2 value for the dimensional error is 0.8468. Also in 

both the responses R
2
 value is closer to the adjusted R

2
. 

This shows that the models fitted using RSM for both the 

output responses is suitable for further analysis, as the obtained 

value is nearer to unity. 
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