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 A B S T R A C T 

Friction drilling is a nontraditional hole making process getting 
tremendous attention recently. In this process, tool is penetrated into the 
work piece due to the softening caused by the heat, which is developed 
between tool and the work piece. Materials less than 5mm thickness can 
be used for friction drilling. Wide varieties of materials such as tool steel, 
high speed steel, tungsten carbide and H13 steel can be used either with 
conical profile as friction drilling tool. For improving tool life nano-
coating can be applied. This review mainly focuses on various 
optimization techniques such as Taguchi method and design of 
experiments, which can be utilized in friction drilling. Surface roughness, 
conicity and tribological response are also addressed in this study. Various 
parameters like cutting feed and speed, which play prominent role during 
friction drilling process are suitably dealt with.  
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1. INTRODUCTION 

 
Friction drilling is the futuristic way of 
producing hole and alternatively called as flow 
drilling, thermal drilling and friction stir drilling. 
Friction drilling method is unique process 
having potential for wide application in 
structural, automobile and aeronautical 
components like exhaust engine parts, pedals, 
handle of seats, frame, castings etc. Plate 
thickness less than 4mm is advisable for this 
method. Industry is selected in by owing to their 
needs. Friction drilling is not recommended to 
easily melting material and harder material like 

Corten Steel, which is used in railways and 
structural members, because this process works 
on heat, so heat produced is also high. Further 
research is focused how to make use of this 
method in those materials. Unlike traditional 
drilling, Friction Drilling (FD) is an 
unconventional hole-making method. FD is a 
clean and chipless hole making method. Bushing 
is formed in the material during FD process; 
bushing height is triple times of the thickness of 
the material thickness. For assembling the FD 
drilled components, the bush formation shall aid 
for alignment and easy fastening. In traditional 
drilling process the fastening and assembly 
needs additional components incurring 
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additional manufacturing time and material cost. 
Hence the friction drilling technique can be 
utilized in automobiles for joining sheet metals 
[1]. Traditionally, to learn about the optimal 
machining process parameters, fuzzy logic 
technique and Taguchi method are commonly 
used. Taguchi method is commonly used for 
optimizing friction contact area ratio (FCAR), 
friction angles (FA),  feed rate (FR), surface 
roughness (SR), bushing length (BL) and spindle 
speed (SS) thus improving tool life [2]. Studies 
related to multiple performance characteristics 
targeting resultant axial force, radial force, hole 
diameter dimensional error, roundness error 
and Formation of Bushing was not controllable, 
Bush will be formed while tool forced 
downwards. Improper bushing is formed due to 
low temperatures which cause the softening of 
material and low ductility. Due to this thrust 
force will be higher. Length of bushing was also 
not controllable; normally two to three times of 
the work piece thickness will be the height of 
bushing formed. Work piece material, tool 
material, Spindle speed, tool dimension , feed 
rate these all determines the height of bushing 
formed [3,4]. Friction drilling was a five step 
hole making process, where tool is penetrated 
into the work material. Due to friction, heat is 
generated between the material and tool thus 
softening the material. At early stages of sliding 
the frictional coefficient varies with respective 
to the load condition. Thrust force will be more 
in first two stages, and then will be gradually 
decreasing. Feed rate, spindle speed plays a 
major role in friction drilling process. Torque 
and thrust force are to be optimizing for getting 
a better surface finish and good quality hole. 
 
To calculate the performance of HSS friction 
drilling tool on AA6351 work piece of thickness 
1mm, Taguchi Method is applied. For axial force 
and thrust force mathematical model was 
developed. Tribological investigation was done on 
this paper. Cone angle of the tool was critical to 
study; influence of torque and thrust force was 
studied in this research [5]. Work piece below 
4mm is advisable for friction drilling process. High 
temperature rised due to drilling may affect 
nearby parts also. This can be saved by applying 
coatings techniques, controlling work piece 
thickness, feed rate, tool dimension, spindle speed. 
 
Somasundram and Boopathy conducted 
comprehensive research on aluminum-silicon 

carbide metal matrix composites.  Effect of 
various parameters such as feed rate and spindle 
speed were considered. DOE and RSM methods 
were applied to find an optimal solution. It was 
observed that torque, thrust force was 
depending on parameters like tool feed rate and 
spindle speed [6].To determine the roundness 
error and microstructure changes while using a 
friction drilling tool was a major study. Three 
different variety of material was used for this 
study and found that wt.%, feed rate and spindle 
speed have to be controlled, if spindle speed 
goes high and feed rate used to be maintained 
medium, to produce good quality hole [7]. 
Roundness (inside hole) errors on dry friction-
drilled holes were investigated. For improving 
the machining parameters, design matrix and 
ANOVA were, to determine the optimum 
solution. Three different composition of material 
was used for study and found; by increasing 
wt% results will be good [8]. For producing good 
quality holes the study of torque and thrust 
force is very essential. The torque and thrust 
force increases or decreases with respective to 
feed rate and spindle speed. With increase in 
feed rate and constant spindle speed the thrust 
force increases gradually, if feed rate is constant 
and higher spindle speed, thrust force decreases. 
Due to the impact of the thrust force, the surface 
near the drilled hole also gets affected due to 
surface adhesion dealing to poor surface finish. 
Surface roughness of drilled hole is affected by 
feed rate, thrust force and spindle speed [9]. In a 
friction drilling process, variations in the wall 
thickness were compared with AlSi10Mg and 
AZ31 profiles. Several investigation methods like 
Quasi Static, Cyclic, and Microscopic analysis 
were used to determine the load, and found that 
by increasing the thickness of the work piece, 
the load and temperature also got increased 
[10]. The investigators used aluminum and 
copper as work material and used HSS and 
tungsten carbide as friction drilling tool for 
using in industry application. Friction drilling 
was having more advantages than a 
conventional method, both materials had good 
quality hole, but tool wear, surface roughness 
were found to depends on basic parameters only 
[11]. In another study, AA2024 aluminum plate 
was used as base material and microstructure 
behavior was investigated for evaluating the 
microstructure modifications, caused because of 
temperature. Coated tool was having lesser tool 
wear and surface finish [12]. Focus of this 
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investigation was on the effects of drilling 
parameters such as feed rate, friction angle, 
spindle speed, friction contact area ratio (FCAR) 
on work piece torque, surface temperature and 
thrust force. Investigators established that 
Friction Contact Area Ratio (FCAR) with 50 %, 
75 % and 100 % can be used for the process as 
these help to improve productivity [13]. Friction 
drilling method was performed extensively on 
ST 12 steel. By comparing with ST 12 steel, 
aluminum had good quality hole, which can be 
used in automobile industry [14]. Numerical 
investigation of a stress, larger elastic strain, and 
work material deformation in friction drilling 
method was reported for an aluminum A7075-T6 
plate. Numerical analysis revealed that at lowest 
rpm and highest feed rate bush formation was 
good [15]. In the friction drilling process thermal 
conductivity plays a vital role to where and hence 
frictional heat was investigated. The temperature 
rises with lower feed rate and spindle speed; the 
time for cutting a hole gets increases with these 
parameters. It was very crucial to find out best 
cutting feed and speed [16]. 
 
Tribology is the study of friction, wear and 
lubrication, It is very much essential to learn the 
tribological properties during friction drilling 
process, because in this process tool wear and 
surface roughness was main criteria to study. 
During drilling process, high heat is developed. 
Due to the heat, surface area near to hole, tool 
also gets affected. During friction drilling there is 
no additional lubricants added to the drill bit 
and hence it is a dry cutting process. Miller and 
Shih investigated the tool wear, 1100 holes was 
made by Tungsten carbide tool, and the tools 
tribological properties was investigated [17] 
[18]. Software DEFORM-3D was used for 
studying the finite element model. Both 
experimental and FEM simulation studies were 
compared for friction drilling process. Effective 
stress decreases and strain increases with 
increase in feed rate and spindle speed, the 
investigator concluded that with rise in strain 
bushing quality may get reduce [19]. Thermal 
camera was used for finding the temperature 
difference during drilling. Temperature rise with 
increase in  thrust force and torque, so main 
focus was to decrease both to produce good 
quality hole [20]. Surface roughness (Ra) of a 
tungsten carbide tool was measured after 
machining process and porosity of work piece, 
micro hardness, and roundness error were 

established as major criteria. Quality of hole can 
be increased with raising the spindle speed and 
lower feed rate. Temperature near to hole was 
high while comparing with nearby areas. This 
temperature difference may affect the hole 
quality too [21]. With the continuous machining 
process micro structural changes affected 
indentation hardness during the friction drilling 
of titanium, carbon steel, aluminum and alloy 
steel. Due to high temperature or high thrust 
force, micro structure of the work piece may get 
affected. The effect in hole is more because due 
to the above the work piece may melt, burn or 
scratch. Delamination like fibre pull out may 
occur. The bushing may not form in even  [22]. 
Qu and Blau used carbide tools for friction 
drilling process and reported a new method to 
calculate shear stress and friction coefficient 
result. The investigators developed 
mathematical calculation for each stage of 
friction drilling process and compared with real 
experiment result. The aim is to find the shear 
stress and friction coefficient. Impact was very 
high in first stage, because at starting stage it 
required more stress for cutting [23]. 
Investigation on surface roughness and bushing 
shape was analyzed for a sheet of Al alloy, found 
that for both thrust force has to be controlled 
[24]. The investigators compared both analytical 
and experimental method. Ansys was used as 
the tool for finite element modeling (FEM). In 
the experimental method, results concluded 
with high temperature the work-material 
undergoes deformation during machining 
process, this is because of load, so it is necessary 
to prevent raising the load [25]. On a cast metal 
friction drilling process was done, with increase 
in temperature bushing height too increases. 
The investigator found in his study that 
temperature rises with decrease in torque and 
thrust force. All these are dependent on feed rate 
and spindle speed [26]. An infrared camera was 
used for analyzing tool and work piece behavior. 
Thermal images state the inner core shape of the 
material. The investigator observed that there is 
a difference in tool and work piece temperature, 
with respective to the basic parameters [27]. 
The investigator proved that by preheating the 
material up to 247° C the process time can be 
reduced from 1.8 s to 0.8 s. By comparing 
experimental study processing time it consumed 
10 s to 15 s. By preheated material the 
investigator proved the processing time can 
change [28]. The PVD (Ti, Al) N coated drill bit 
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was used for machining process. Difference in 
coating was also studied through this research. 
Coated tool was having higher tool life while 
comparing uncoated tool [29]. The tool tip may 
get wear; diameter of the hole may not get 
affected to an extent. To reduce tool wear, point 
angle can be varied. K. Chong et al.  found that 
55° produces better hole. Surface roughness of 
hole was also good while comparing with other 
point angles. If roughness is good, then 
obviously diameter of hole may not be more. In 
further research main concentration is to reduce 
tool wear [30]. 
 
Effect of machining parameters like thrust force 
and the temperature in hole zone was 
investigated during friction drilling process. 
Machining conditions such as spindle speed, 
friction cone angle and feed rate are used for 
examining the properties of washer and petal 
geometry. For the study, different frictional 
angle and tool was used. Cone angle of tool was 
to be main criteria while designing tool [31]. 
 
Friction drilling is a green method with many 
advantages. From the literature survey it was 
found that study of bushing plays a crucial role. 
Bushing height has two main purposes one for 
threading and other is for holding. Bushing 
height depends upon the material and basic 
parameters like feed rate and spindle speed. In 
the experimental study three different tool point 
angle and galvanized material were used for 
drilling [32]. Simulated annealing optimization 
approach was used for validating the results.                                       
 
The spindle speeds of 3600 rpm with tool angle 
of 37.5º were found to be the optimum 
parameters for producing a good bushing height 
of 5.92 mm. While comparing both experimental 
and predicted values there was only 0.02 mm 
difference. Microstructure was more affected 
during the second stage and third stage of the 
drilling process; this is due to the high 
temperature generated during the process. 
Initial stage of friction drilling has less impact 
[32]. Navasingh et al. used three different 
spindle speed, tool angle and work piece 
thickness [33]. The bushing height was 
investigated with respect to ANN algorithm 
added with genetic algorithm.  It was found that 
maximum bushing height can be obtained with 
maximum spindle speed. The galvanized 
material yielded maximum bushing height of 5.7 

mm [33]. Ozek et al. also investigated the 
bushing height with reference to spindle speed, 
feed rate and surface roughness. It was noticed 
for aluminum alloy that with spindle speed of 
3600 rpm, feed rate of 75 mm/min the 
maximum bushing height can be realized with 
minimum surface roughness. With increasing 
feed rate the surface roughness was getting 
affected by tool-work piece interaction [24]. 
Lower feed rate provides more advantage in 
flange height exhibiting appropriate shear force 
[34].  The investigators studied the torque in 
drill bit with dynamic modeling and real-time 
torque control. They observed that the surface 
roughness and bushing height could be 
controlled by torque [35]. The impact of 
tribological properties in the tool wear is crucial. 
Tool wear affects the tolerances. Due to the 
impact of tool wear the surface of work piece 
also gets damaged. The impact on the surface of 
drilled hole is caused due to the extreme 
conditions of spindle speed, feed rate, tool wear. 
Due to the above conditions bushing height also 
varies. In order to have good surface finish the 
spindle speed has to be high and feed rate has to 
be low. Another important factor is tool cone 
angle, so it could be observed that choice of 
correct tool with proper dimension and above 
drilling parameters are crucial factors.  For 
calculating the process parameters as axial 
power and torque, an analytical model was 
developed. Comparison was done between 
experimental and numerical analyses. 3D FEM 
was applied for analytical study [36]. Tungsten 
carbide drill bit was used for experiment, with 
uncoated and coated tool. Performance of both 
the tools was experimentally studied with 
varieties of feed rate and spindle speed. Surface 
temperature, tool wear and axial thrust force 
were studied. Coated tool shows less wear and 
good surface finish [37]. Friction Drilling and 
Form tapping were jointly investigated in the 
process. The optimal condition was frequency 
monitored in both the cases. In further research 
the investigator recommend to use form tapping 
tool instead of friction tool [38].  
 
V. Geffen in older days found a piercing tool, to 
making a hole with the help of frictional heat. 
Tool in this kind was used for machining light 
material. For heavy material piercing material 
was not suitable. Bosh was formed depend upon 
material hardness. Cylindrical area of tool makes 
surface area smoother. It is most important to 
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design piercing tool for work material either of 
hard or soft material [39]. V Geffen defines the 
following points for a piercing tool, hole quality 
and surface roughness can be made better by 
point angle and tapered section. Temperature 
increased with respective to rotating tool speed. 
Frictional heat which developed during the 
process makes changes in surface quality of tool 
and work piece [40]. Hole quality, bush 
formation was depending on tool size, plate size. 
Rajesh et al. found that maximum of 3 mm work 
piece was advisable for piercing. Rajesh et al. 
derived in his study how to form a boshed hole 
with a piercing drill [41]. In this research, A. 
Bustillo et al. found the importance for 
comparing results with experimental work and 
simulation. Copper was used as base material. A. 
Bustillo et al. analyzed the material flow rate in 
the material. For a thin sheet to find the bush 
formation and to compare the results, that was 
the primary agenda. The results revealed that 
thrust force which plays a major role in bush 
formation. So the further work to be focused on 
how to reduce thrust force, to get an good 
quality hole [42]. O Pereira et al. discussed the 
use of friction drilling process in medium and 
high pressure boilers [43]. Optimization process 
was used to find the best possible process 
parameters. In the study S.S Habib attempted 
both dry drilling and wet drilling. It was 
observed that friction drilling process is most 
effective method for hole making. For validating 
results life cycle assessment test was conducted. 
The results revealed that friction drilling 
technique is most effective method for hole 
making in a metal sheet. The studies also 
revealed that thrust force generated during 
friction drilling was very high when compared to 
other methods, due to high frictional force 
involved in the process. S. S Habib and A. Bustillo 
et al. also investigated the effect of machining on 
the environment. Life cycle assessment showed 
that friction drilling method system boundary is 
free from cutting heat and chips which are 
traditionally thrown into the environment. In 
the other methods environment will be affected.  
In the field of manufacturing, study of cutting 
parameters are very essential. To improve the 
life of material and tool the optimization 
techniques are used [42,44]. To that effect, RSM 
is a standard tool for optimization. It is very 
essential to optimize the basic parameters like 
feed rate and spindle speed.  It was found that by 
increasing the spindle speed the bushing height 

was increased gradually  and in the study  it was 
found that 1.6 mm thickness material gives an 
optimized result [45]. Maximum bushing height 
was obtained with spindle speed of 4000 rpm 
and feed of 70 mm/min  [45]. The investigators 
developed a genetic algorithm for finding the 
best optimized material and parameters [46]. E. 
Kilickap et al. concentrated on surface roughness 
with respect to the input parameters of the 
friction drilling process. Experimental results 
were compared with genetic algorithm and RSM 
method. In the study it was found that the 
predicted value and actual values are quite close 
[46]. In an investigation RSM tool was used to 
find out optimized model [47]. It was found that 
the lower feed rate, spindle speed and higher 
point angle of tool reduces the burr height and 
surface roughness. E. Kilickap developed an ANN 
model for validating the input and output 
parameters. Delamination factors were studied 
with respect to the input parameters. In an 
investigation it was found that higher rpm 
produced better surface finish [47]. Predicted 
and actual results also were closer [48]. It is 
noted from the literature survey that feed rate 
has a major role in friction drilling method. 
Depending upon the feed rate the surface 
roughness of tool and material is defined. 
Delamination factors also depend on same 
criteria. When feed rate is maximum, finish of 
holes is poor. In the observation it was noted 
that time required for machining is becoming 
less with increased feed rate. So it is essential to 
learn more about feed rate in a friction drilling 
method. The investigators  gave importance to 
numerical analysis [49]. They focused on 
temperature effect on aluminum alloy. Heat was 
more in first few stages [49,58].  Using Deform-
3D software, numerical analysis was carried out 
on titanium sheet metal. The objective of the 
study  was to study the stress-strain distribution 
and temperature generated [50]. It was found 
that for titanium sheet metal can with stand up 
to 797.66 ºC, strain near to hole wall is more and 
stress is higher about 1690 Mpa. Vijaya baskar et 
al  used ANSYS software to discuss about the 
bushing length determined from numerical 
analysis, while varying the spindle speed [51]. 
Both experimental and numerical values for 
bushing were compared. Rajesh et al. did 
exhaustive study on experimental and numerical 
analysis [52]. Material transformation, 
temperature were compared in the study. While 
comparing simulated model it was observed 
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bushing length to be more by about 0.04 mm. 
But the temperature generated from the 
experimental model was more [52]. N.R.J. Hynes 
et al. [53] in the numerical investigation used 
aluminum metal matrix. By using the numerical 
analysis, deformation analysis was possible [53]. 
Another important criterion in friction drilling is 
spindle speed. For a dual phase steel, surface 
roughness is very less at higher rpm, while if 
rpm is reduced the roughness automatically 
increases. Moreover, bushing height is observed 
to increase with an increase in spindle speed. It 
was observed from the research that by 
increasing spindle speed, roughness was less, 
bushing height was high and axial force was less. 
R Kumar et al. concluded that higher spindle 
speed is optimum for friction drilling [54].  
 
 
2. FUNDAMENTAL EXPERIMENTAL 

METHODOLOGY 
 
Friction drilling is a 5 step process, in which the 
work piece is softened and tool is penetrated to 
create a hole. Heat is generated from friction 
between a work piece and highly rotating 
friction drill bit. It’s a clean chip less process. In 
final step, bosh and bushing is formed. Five step 
nontraditional way of making hole is shown in 
Fig. 1. The tool tip gets in contact with the work 
piece at stage 1.  
 

 

 
Fig. 1. Steps involved in friction drilling [1]. 

 
In both the radial and axial directions the tool tip, 
like the web center in twist drill, indents into the 
work piece and supports the drill. The work piece 
is softened due to the frictional force. In step 2 the 
tool is extruded into the work piece. In Step 3 work 
material is pushed side wards and pierces through 
the work piece. In step 4 the tool tip penetrates 
into the work piece; in this step the tool further 
moves forward to work-material pushed aside. 
This forms the bushing using the cylindrical part of 

the tool. When bosh and bushing tool retracts and 
leaves the hole, enough surface area is created for 
threading. Bush height is normally three times 
from original thickness of the plate.  
 

 
Fig. 2. Experimental setup of friction drilling: 
overview and close up view.  
 
Figure 2 shows the experimental setup of the 
vertical milling machine, where close up image 
shows the material is loaded for machining. 
 
 
3. TRIBOLOGICAL CHARACTERIZATION  
 
Friction drilling is a dry cutting process in which 
a tool is penetrated in to the work piece. Wear is 
main factor while considering this process. The 
tribological behavior of both tool and material 
plays an important role in this process. Tool life 
and material surface finish decides the 
improvement in production. 
 

 
Fig. 3.  Tool used for Friction Drilling [7]. 

 
Figure 3 shows a normal friction drill tool with 
100 & FCAR indicating friction contact area 
ratio. It may be of two categories 50 % and 100 
%. 50 % means 50 % will be in direct contact 
with the work material, whereas 100 % means 
full cylindrical portions will be in contact. 
According the literature survey it is proved that 
100 b% FCAR tool gives better result. 
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Fig. 4. View of burr and protrusions [22]. 

 
Parameters like spindle speed, feed etc for a 
friction drilling process plays a major role in 
wear. Figure 4 shows zoomed view after drilled 
hole. Parameters used were: 3600 rpm spindle 
speed, 50 mm/min: feed for a 1.62 mm thick 
plate. Al5052 steel material was used as work 
piece material. Burr and Protrusion were formed 
on the work piece during machining process [8]. 
Figure 5 shows the roundness errors while 
conducting friction drilling process. Error is 
normal in case of a drilling process. These errors 
are depending on various parameters like feed 
rate, spindle speed and material [7]. 
 

 

 
Fig. 5. Roundness Profile [8]. 

 
In this work, Al/SiC plate was used for 
machining process. All the 4 holes are having 
different parameter. 

4. EXPERIMENTAL OUTCOMES AND ANALYSIS 
 
Table 1 shows the friction drilling parameters 
for the study conducted by Shankar and 
Kumar [8]. Spindle speed was varied from 
2500 to 3000 rpm. Figure 6 shows the 
roundness error with each combination. 
Bottom left combination is good when 
compared to others. At 3000 rpm, 60 mm/min 
thickness of 4mm surface roughness is less. If 
rpm is less and feed rate is more, roughness is 
more. For a very less tool wear, higher rpm 
and lower feed rate is the best choice. 
 
Table1. Friction Drilling Parameters . 

Friction Drilling Parameters 

Position 
Spindle 
Speed 
(rpm) 

Feed Rate 
(mm/min) 

Wt 
(%) 

Thickness 
(mm) 

Top Left 3000 60 25 3 

Top Right 2500 50 20 3.5 

Bottom left 3000 60 15 4 

Bottom right 3000 60 5 3 
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Fig. 6. Effect of thrust force [9]. 

 
The effect of thrust force was investigated for 3 
speeds (2500, 3000 & 3500 rpm) and 3 feed 
rates (80,100 & 120 mm/min). Distance of tool 
covered in horizontal axis, from initial contact 
first stage to last stage is illustrated in Fig. 1. 
Vertical axis represents the thrust force. The 
results are presented in Fig. 6. M Boopathi 
concluded that thrust force is maximum 
(2500N) for lower spindle speed (2500rpm) and 
maximum feed rate (120mm/min), whereas 
thrust force is minimum (1200N) for lower feed 
rate and (80mm/min higher spindle speed 
(35000 N). 
 
Figure 7 shows the optical image of the hole. 
The hole structure is complex with zones of 
different structural features. Three main areas 
in the hole are heat affected zone (HAZ), 
thermo-mechanically affected zone (TMAZ) and 
stir zone (SZ). As the SZ zone is in direct contact 
with the tool, it is more affected as it 
experienced significant friction, deformation 

and heating. TMAZ zone also experienced high 
temperature and deformation but to a lesser 
extent as it was not in direct contact with the 
tool. For HAZ zone, only heat is transmitted 
between tool and material. 
 

 
Fig. 7. Optical image of the hole cross section [12]. 

 
Figures 8 and 9 shows the optical images of SZ 
and TMAZ illustrating how the material is 
affected after the machining process. TMAZ 
image shows larger elongated grains in the 
deformed direction and in the case of SZ, due to 
the influence of high temperature and 
deformation the grain structure is 
recrystallized. SZ area is more affected because 
of high temperature. 
 

 
Fig. 8. Optical image of TMAZ [12]. 
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Fig. 9. Optical image of SZ [12]. 

 

a) 

b) 

Fig. 10. (a) Bushing length of 5 and 4 mm at feed rate 
of 100 mm/min and 500 mm/min respectively; (b) 
Cross-sections of friction-drilled hole with surface 
roughness of 0.403 µm and 0.925 µm, feed rate of 100 
mm/min and 500 mm/min respectively  [14]. 

 

Figure 10 shows the bushing after friction 
drilling under various angles. It also shows the 
measured value of surface roughness. Spindle 
speed was kept constant at 6000 rpm, but feed 
rate was varied from 100 mm/min to 500 
mm/min. Surface roughness value of 0.403 µm 
and 0.925 µm was realized. FCAR was 100 %. 
Studies revealed that higher spindle speed and 
lower feed rate maintains good surface finish. 
Roughness was worst at higher feed rate.  
 
Optical micrographs of friction drilling are 
shown in Fig. 11. Each figure shows the number 

of holes drilled. CMM technique was used for 
finding tool wear. Figure 11a shows early stage 
after drilling 2 holes. In the tool adhesion of the 
work material could be seen. Fig. 11b was taken 
after drilling 2000 hole. In the conical region, a 
patch of wear is visible. Figs 11 c and d show 
conical region of drill bit after drilling 5000 and 
11000 holes, respectively. It was noticed that 
tool wear increases with increasing the number 
of holes drilled, feed rate and spindle speed [14]. 

 
 

 
a)                                             b) 

 

 
b)                                              d) 

Fig. 11. Optical micrographs of friction drilling tool 
with work material adhered to tool (a) after drilling 
2, (b) after drilling 2000 holes, (c) after drilling 5000 
holes, (d) after drilling 11000 holes [17]. 
 

Wrought Magnesium Alloy AZ31 is used as 
base material, in Fig. 12 shows the 
temperature field in a friction drilling process. 
For the 5mm diameter tool, temperature 
reached up to 420 °C while for 5.4 mm 
diameter tool the temperature realized was 
437 °C.  In the bore of the tool, temperature 
was about 350 °C as there was more distance 
between bore wall and material. 
 

 
a)                            b)                             c) 

Fig. 12. (a) Cut sectional view of friction drilled hole 
with friction drill bit (b)Temperature gradient in 
Friction Drilling Tool of 420º C (c) Temperature 
gradient in Friction Drilling Tool of 437 º C  [20]. 
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Fig. 13. Comparison of friction coefficient [25]. 

 

 
Fig. 14. SEM image of a friction drilling too after 
machining process [29]. 

 
Comparison of friction coefficient during drilling 
process in Aluminum A7075-T6 plate is shown in 
Fig. 13. Friction coefficients 0.5, 0.7, and 1.0 were 
determined for spindle speed of 3000rpm and 

feed rate of 4.23 mm/s. It was observed that 
decrease in thrust force led to high coefficient of 
friction and that this may not change torque 
value. Coefficients of friction of 0.5, 0.7, and 1.0 
observed with peak thrust forces of 600 N, 800 N 
and 1000 N respectively. The best match for 
modeling the coefficient of friction was about 0.7.  
 
Figure 14 shows the SEM image of a friction 
drilling tool after producing 15000 bushed 
holes. EDX analysis also carried out for testing 
the tool for distinguishing the different areas. 'A ' 
in microscopic image show very high Cr and Mn 
contents. 'B' contains W, Co, Ti and C similar to 
composition of work piece material. Very high 
Mn composition was observed in D area. Tool 
starts breaking was observed in D area. 
 
Holes Uncoated  TiAlN Coated 

10th 

  

20th  

  

Fig. 15. At optimized feed rate and speed on the 
number of holes drilled tool diameter plot.                
 
Figure 15 shows the change in hole diameter 
after drilling 10 holes and 20 holes [55]. Hole 
diameter is affected after drilling more holes 
with same drill bit. During initial stages of 
friction drilling process itself the significant 
difference between of coated and uncoated drill 
bit is shown in Fig. 15. For a coated drill bit 
after 20 holes, the surface roughness is low. 
Surface roughness depends upon not only 
coating but also it depends upon feed ratio and 
spindle speed. The friction drilling process and 
its scope for application in drilling was 
reported in the Ref. [56]. The friction drilling of 
Magnesium materials and a method of riveting 
was also studied [57]. The friction drilling of 
cast metals and their response was studied 
comprehensively in Ref [26]. 
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5. CONCLUSION 
  
Present article briefly describes the upcoming 
and new friction drilling process. Choosing 
correct spindle feed rate and rotational speed 
values are essential in this process. Following 
are the main observations established by 
researchers worldwide:  

 At high feed rate and spindle speed high 
frictional heat is generated. More over when 
frictional heat increases thermal conductivity 
decreases. If thermal conductivity increases, 
frictional heat decreases leading to high wear 
of material and tool. 

 With increase or decrease in feed rate and 
spindle speed the surface temperature also 
increases or decreases.  

 With higher spindle speed, temperature of 
tool and work piece increases. 

 Minimal feed value of 50 mm/min increases 
the roundness error.  

 Proper bushing height is obtained with 
higher spindle speed. Whereas feed rate is 
negligible in case of a bushing height. More 
research is required to improve the quality 
of bushing height.  

 Tool conicity is found to affect the quality of 
bushing surface.  

 Torque and thrust force reduces with pre-
heating and rise in spindle speed. 

 Frictional force and thermal conductivity 
during friction drilling affects the 
microstructure of the tool and work material. 
Magnitude of work hardening reduces due to 
the heat generated during the process.  

 Coated drill exhibits lesser wear when 
compared with uncoated drill bit with same 
input parameter 

 Bushing height got maximum when the 
input parameter feed rate is lower and 
spindle speed is higher.  
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