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Abstract - The stirring is caused by friction. Non-conventional hole-creation processes include drilling. No chips are formed 

since the revolving conical tool is concerned with entering a drill hole and making a bushing both above and below the 

workpiece in one single phase. A revolving conical tool causes friction between a drill bit and a piece of material, causing the 

material to soften, penetrate, and form a bushing. Deform-3D software is used to construct three-dimensional objects for this 

study, which then performs a finite element analysis to determine workpiece deformation and big strain during friction stir 

drilling. The thermal and mechanical characteristics are determined via explicit dynamic analysis with adaptive meshing. We 

cannot measure the flow of work material deformation or stress and strain distribution during friction stair drilling with our 

hands. Therefore we use a finite element analysis to simulate this process. Modeling the tool and the workpiece in CATIA 

software is utilized for the study. The melting point of the work item has been determined using FEM findings.  

Keywords - Friction drilling, CATIA, Deform-3D, Explicit dynamic analysis, Temperature. 

1. Introduction  
Drilling is a significant part of machine operations, 

accounting for almost all machining operations. A drill tool's 

lifespan is limited because of the high temperatures generated 

during the drilling operation, which dulls it. One of the 

biggest challenges in the automotive industry is finding the 

most effective and simplest technique to connect or assemble 

two components, such as tubes, sheet metal, and thin-walled 

components. Although weld nuts, threaded inserts, and J nuts 

are often employed to solve these issues, there are a few 

drawbacks to this method that include the weight and 

expense, as well as the compromise in the quality and the 

inclusion of external components. For all these situations, 

friction stair drilling is the only viable option. Fractional and 

flow drilling are all terms that refer to the same process 

known as friction drilling [1]. Due to chipless hole making 

due to, without smoke friction, drilling has become more 

popular. In this method, the tool uses the heat generated 

between the rotating conical tool and the workpiece to soften 

the work material to create a hole in the workpiece. Similarly, 

it creates a bushing and boss at the up and down part of the 

work material to strengthen the hole. A rapid increase in 

temperature causes plastic deformation to occur in the work 

material at the hole area so that the material contributes 

towards to bushing shape while increasing hole length. 

During this high temperature, material properties and 

microstructure changes occur in friction drilling.  

Bushing length is three times the work material 

thickness, giving a better clamping load and threading. [22]. 

various material thicknesses, feed and speed, are used to 

investigate the height of bushing and thickness for AISI 1015 

with the help of the friction drilling process. RSM technique 

wear used for speed and feed optimization for various 

material thicknesses. When rotational speed increases, there 

is an increment in bushing height and gradual decreases in 

bushing width. CMM is used to measure the dimension of the 

friction drilling hole (3) material; various stages of the 

friction drilling process are given below in figure 1. 

 

 
Fig. 1 Various stages of the Friction Drilling Process. 

https://www.internationaljournalssrg.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
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Optimal strategies are created for controlling the feed in 

FD. Two strategies are followed: general linear variable feed 

at each individual stage, adaptive control feed rate, and 

correlation between torque and force are considered with 

respective relation to speed and feed rate. Based on this 

sensor, less optimization was created to protect long-term and 

excessive loads of tools and drives (4) from improving the 

material flow with respective compression, yield in shear and 

instant of single & variable coefficient of friction to develop 

the new model for friction drilling, coefficient of friction and 

shear stress cannot be able to measure directly with time 

dependence. (5). These tungsten carbide bits with coated and 

uncoated are used to produce a hole on AISI 304 with TiAIN 

and AlCrN are coated to drill bit with the help of the PVD 

method at various spindle speeds. The highest temperature 

was produced with an AlCrN-coated tool with low axial force 

and tool wear. (6). Optimal process parameters for FD on 

SUS 304 stainless steel were investigated with varying speed 

and feed rates to correlate with output parameters like surface 

roughness and bushing length using grey relational grade. 

Maximum tool wear can be eliminated in the friction drilling 

process, and surface integrity has improved in the friction 

drilling hole. (7). with a varying material thickness of 

stainless steel to optimize the machining conditions of FD at 

different speeds are analyzed. To compute torque and thrust 

force and other hand dimensional errors and microstructures 

of friction drilling hole are analyzed. (8). In this friction 

drilling study, IN-713LC, a nickel-based superalloy, 

investigated work material properties, including surface 

roughness, roundness, and hardness. More hardness is 

founded nearer to the FD hole wall, and hardness is decreased 

with increasing hole distance. Increasing the feed rate leads 

to greater roundness and better surface roughness. (9). FCAR 

does not affect the bushing height much. Most Friction 

drilling applications are sheet metals and Driveshaft Brake 

systems (10). A finite element analysis was created to 

identify the material flow of the friction drilling process for 

AISI 1020 carbon sheets of steel. At the same time, torque 

and thrust force can also be determined with the friction 

drilling tool of tungsten carbide material. Moreover, 

compared with FEM analysis (11). Compression between 

experimental and numerical analysis was done for output 

parameters of friction drilling, like torque, force, and 

temperature. For that, FEM analysis was performed with the 

help of Deform- 3D simulation software. (12). Effect of 

bushing shape and surface roughness with various respective 

speeds and feed rates are calculated for Al6061-T6 alloy of 

3mm thickness. Optimal process parameters are optimized by 

using Gray Relation Analysis. (13). Soundararajan et al. (14), 

Chao et al. (15) Schmidt and Hattel (16) are researching to 

create modelling of the Friction stair welding process. There 

are few applications of friction drilling. 

2. Experimental Methodology and Materials 
In this Friction drilling process, Al6061-T6 Alloy was 

used as workpiece material. The region behind this is 

Al6061-T6 Alloy, widely used in most industrial applications 

such as Military and commercial bridges, Aerospace 

applications, Shipbuilding operations, Boiler making etc. The 

chemical composition of the Al6061-T6 Alloy workpiece in 

terms of weight percentages is Aluminium 95.85%, Zi 

0.25%, Mg 1.2%, Ti 1.15%, Si 0.8%, Co 0.4%, Mag 0.15%, 

and iron 0.7%. The main alloying elements are Silicon and 

Magnesium, and the melting temperature of Al6061-T6 alloy 

is 580-650 °C. Hear Tungsten carbide (WC) and High-Speed 

Steel (HSS) were selected for friction drilling tools, and the 

dimensions are as follows such as diameter d=8mm; centre 

length (hc) = 2mm; conical length (hn) =6.6mm; cylinder 

length (h1) = 30mm; shoulder Length (T) =10mm; shank 

length (L) =30mm; centre angle = 90˚ and conical angles ø is 

36 ˚.  

 
Fig. 2 Applications of Friction Drilling Process  

 
Fig. 3 Friction Drilling Tool 

3. Finite Element Analysis 
The method employed for friction stair welding is 

suitable for friction stair drilling. Because both friction 

drilling and the FSW process will involve a similar principle, 

in both processes, high temperature and friction will be 
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generated at the tool and workpiece interface with the rotating 

tool. It results that the dissimilar materials will be joined in 

FSW, and holes with bush and boss will happen in the friction 

drilling process. The only important disparity to happen is in 

both FD and FSW. (17). Deform-3D software was selected to 

simulate the friction drilling process for Al 6061-T6 alloy 

work material. DEFORM-3D and Arbitrary Lagrangian–

Eulerian (ALE) formulation have been chosen for simulation. 

For metal forming, heat treatment problems and different 

forming operations, finite element analysis-based software is 

selected to analyzed material flow; industries of scientific-

forming technologies corporation developed this. In this 

FEM analysis, some succeeding operations are utilized to 

simulate FD and FSW. 1. The work piece's model is 

considered rigid visco-plastic. 2. Tool of the friction drilling 

process was considered rigid. 3. Because of radiation, heat 

loss was small. 4. Constant Coefficient of Friction was 

considered at the tool and workpiece interface. (18).   

3.1. Mesh and Boundary Conditions  

Deform-3D simulation software has been used for FEM 

analysis of the friction drilling process. Simulation 

parameters are presented in Table2 for the FD process. The 

work material model has dimensions of 50mm diameter and 

3mm thickness. With the help of the DEFORM-3D software 

workpiece model was created. The workpiece lateral surface 

was held in all three directions, i.e. X, Y and Z directions, to 

ignore the oscillation during the FD   simulations process. 

Hear CATIA-V5 software is used to develop 3D modelling 

of friction drilling tools and convert 3D model files to STL 

format of FD drill. After converting the 3D model to an STL 

file imported to DEFORM-3D simulation software. In this 

software, for the simulation process, materials are chosen 

those are HSS, WC is the tool material, and Al6061-T6 alloy 

is the work material. In Z-direction, rotational speed (S) 

1980rpm and feed rate (F) 0.08 mm/rev are applied towards 

to friction drilling process. 

3.2. Governing Equations for the Friction Drilling Process  

For the friction drilling process, the thermos-mechanical 

study was incorporated successfully by deriving some of the 

following equations: momentum, continuity, and energy 

conservation. These equations can be solved with the help of 

material properties. The mechanical properties have been 

maintained based on the normality principle (19). 

δt = 2daµ    (1) 

 

𝑑𝑟 =  𝜖 ̇  [
𝜕𝜎𝑒

𝜕𝛿𝑡𝑖𝑚𝑒
] = 1.5 [

𝜖 ̇

𝜕𝜎𝑒
] 𝛿𝑡 =  

𝛿𝑡𝑖𝑚𝑒

2µ
        (2) 

 

𝜎𝜈 =  √1.5𝛿𝑡𝑖𝑚𝑒 . 𝛿𝑡𝑖𝑚𝑒        �̇� =  √0.6667𝑑𝑟. 𝑑𝑅        (3)  

Where stress deviatoric δt, yield stress𝜎𝑒 , Effective strain  𝜖 ̇  

, and viscosity. Where viscosity is in terms of strain 𝜖 ̇  and 

temperature T. Viscosity µ ( 𝜖 ̇ , 𝑇), the yield stress 𝜎𝑒(𝑇) is 

in terms of temperature (T).   

µ = 0.33[ 
𝜎𝑒

𝜖 ̇
 ]   (4) 

 
4(a) 

 
4(b) 

 
4(c) 

 
4(d) 

Fig. 4 (a) Mesh tool (b) Meshed work material (c) Initial Stage of Tool 

& (d) Experimental setup   
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Based on the Conservation of momentum law [18]  

▽. 𝜎𝑎 +  𝜌𝑎 =  𝜌 [
𝑑𝑉

𝑑𝑡𝑒𝑚𝑝
]       (5) 

 

Where 𝜌, 𝜎𝑎 , a, t and V are the density, stress, acceleration, 

time, and velocity vector. Derivatives of material time   
𝑑

𝑑𝑡𝑒𝑚𝑝
. Here the continuity equation for the FD process is 

given following [18]. 

 

𝑉.▽𝜌=  −
𝜕𝜌

𝜕𝑡𝑒𝑚𝑝
        (6) 

 

According to the law of energy conversion [18], 

 

𝜌𝐶𝑠 
𝑑𝑇

𝑑𝑡𝑒𝑚𝑝
=▽. (𝐾𝑡𝑒𝑚𝑝 ▽ 𝑇) + 𝑞𝑔𝑒𝑛        (7) 

 

Where specific heat, thermal conductivity, and generation of 

heat are 𝑐𝑠, 𝐾𝑡 , and𝑞𝑔. 𝐾𝑡(𝑇) as thermal conductivity 

being in terms of temperature. [18].  

Generation of heat can be given as  

 

𝑞𝑔 =  𝐶𝑓𝑎. 𝛿𝑡𝑖𝑚𝑒.𝑑𝑎.    (8) 

 

Where 𝐶𝑓𝑎 the corrosion factor, the surrounding temperature 

is Ta. 

From Equation (7) heat transfer coefficient can be obtained 

by  

ℎ𝑐 =  
𝐾𝑡𝑒𝑚𝑝▽𝑇

(𝑇−𝑇𝑎)
.   (9) 

4. Results and Discussion 
Generally, work material is directly influenced by feed 

rate and speed in the friction drilling process. So it is 

important to choose input parameters like speed and feed 

rates in the friction drilling process. In this FD process, it is 

impossible to measure stress, strain and deformation of work 

material and the physical structure of the workpiece.  

To visualize all these parameters, DEFORM-3D 

software has been chosen in this work. With the help of this 

software, FEM simulation is done to identify material flow 

stress and strain in the workpiece. [19][24]. with the varying 

speeds and feed rates in friction drilling, the stress, strain, and 

material flow could be effectively found where Al6061-T6 

alloy is the work material and Tungsten carbide and HSS as 

tool materials. 

The primary feasibility of the FEM simulation is the 

capability to gain accuracy for the friction stir drilling 

workpiece of stress, strain, deformation of work material and 

temperature distribution, which are unable to measure 

experimentally. Figures 5, 6, 7, 8, & 9 show stress, strain, 

temperature, and material deformation at various speeds and 

feed rates with different tool materials.  

  

  
Fig. 5 Stress, strain analysis of HSS tool on AL6061-T6 workpiece at 

Feed 0.08mm/rev and Speeds 1980 & 1250rpm 

 

 

 
Fig. 6 Stress, strain analysis of HSS tool on AL6061-T6 workpiece at 

Feed 0.04mm/rev and Speeds 1980 & 1250rpm. 

 

 
Fig. 7 Stress, strain analysis of Tungsten Carbide tool on AL6061-T6 

workpiece at Feed 0.08mm/rev and Speeds 1980 & 1250rpm 
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Fig. 8 Stress, strain analysis of Tungsten Carbide tool on AL6061-T6 

workpiece at Feed 0.04 mm/rev and Speeds 1980 & 1250rpm 

 

 
Fig. 9 Temperature distribution and deformation at various speeds 

and feed rates with HSS and Tungsten carbide tools. 

 

4.1. FEM Analysis for Stress and Strain  
The stress and strain of friction drilling can be shown in 

Figures 5, 6, 7, & 8. Maximum stress is generated at the tool 

contact zone, and stress minimum at the inside of the surface 

of the friction drilling hole due to maximum temperature. 

When speed increases, stress decreases at a constant feed rate. 

The highest stress of 280MPa can be obtained at a speed of 

495 rpm with a feed rate of 0.04mm/rev for the HSS tool, and 

230MPa can be obtained at a speed of 495 rpm with a feed 

rate of 0.04mm/rev with Tungsten Carbide tool.  

The minimum stress was observed at 131MPa at a speed 

of 1980 rpm and fed 0.08mm/rev with the HSS tool and 

110MPa at a speed of 1980 rpm feed rate of 0.08 mm/rev with 

the Tungsten Carbide tool. Similarly, when strain increases 

with an increase in speed and feed. Hear the highest strain can 

be observed at 288 at a speed of 1980rpm with a feed of 

0.08mm/rev for the HSS tool and 357 at a speed of 1980 rpm 

feed rate of 0.08mm/rev with the Tungsten Carbide tool. 

 
Fig. 10 Speed and feed relationship with stress 

 

 
Fig. 11 Speed and feed relationship with Strain 

 

 
Fig. 12 Compression graph between experimental and FEM simulation 

with respective Temperature  

 
4.2. FEM Validation  

To ensure model fidelity, comparing experimental 

findings with simulation results is critical. Temperature 

measurements with HSS and tungsten carbide tools during 

friction drilling on Al6061-T6 alloy support the FEM model. 

The experimental result (480 °C) compared to the simulation 

result (430 °C) in the friction drilling process, which was 

monitored using thermocouples. In the inside of the hole, the 

frictional heat created between the tool and workpiece 

material puts the substance through a visco-plastic stage. 

Friction drilling begins with heating the workpiece's inner 

surface, and when it reaches the conical area, the material 

becomes red hot, causing melting on the workpiece's top 

surface.  
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Thermocouples are arranged nearer to the hole's 

measured temperature at the hole portion. Here compression 

with simulation results with experimental results of both 

Tungsten Carbide and HSS tools. The temperature destitution 

is shown in figure 9. The recorded highest temperatures 

simulation results from the Tungsten Carbide tool and HSS 

tool are 415 ˚C & 430 ˚C and the experimental values of the 

Tungsten Carbide tool and HSS tool is 455 ˚C & 480 ˚C. the 

compression graph between experimental and FEM 

simulation as shown in Figure 13.  

The deviation observed between simulation and 

experimental results is ± 6.3%. So that it confirms that the 

numerical model is working. Temperature values were 

measured for both the HSS tool and Tungsten Carbide tool at 

various speeds, i.e. 495, 795, 1250, &1980rpm.  

 

5. Conclusion 
This research paper presents the contact area between the 

rigid workpiece and an unworn tool of a proposed 

mathematical model with stress and strain properties 

dependent on speed and feed. The summarized outcomes are 

as follows: 

1. The 3D simulation model was more helpful in finding 

the material deformation in the friction drilling process. 

It enabled material flow at various speeds and feed rates 

with various tool materials. Stress and strain can be 

measured effectively and cannot be measured 

experimentally.  

 

2. The maximum stress can be observed at minimum speed 

and feed rates, while a minimum strain can be observed 

at decreasing speed and feed rates.  

 

3. When comparing the HSS tool and the Tungsten Carbide 

tool, maximum stress was generated with the HSS tool 

at the highest speed and feed rates. Better bushing 

formation also occurred with the HSS tool. 

 

4. The peak temperature of the workpiece is compared with 

simulation and experimental results. The highest 

temperature was obtained experimentally at 480˚C with 

the HSS tool in and in simulation at 430 ˚C.  
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