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The drilling process using a twist drill tool has high interest in industry, especially in 

plate metal work. Consequently, during the first penetration through the metal, the 

sudden stop of the tool at the cutting end or the pulling of the tool from the work piece 

in the finish can cause crystal nodes to form. This generates torsional torque between 

the tool and the work piece, which causes torsional shear stress and strain to be 

translated to the tool root, potentially leading to failure or a dislocated catch region, 

resulting in hole deformation. So, this paper focuses on how to deal with the increasing 

stress and strain caused by a sudden stop by using a lubricant liquid that directs flow 

when a strain gauge attached to the cutting tool detects increasing tool strain. The 

experimental strain readings in dry conditions and with lubricant liquid are recorded. 

The Timoshenko equations are used to improve the translation of stress and strain to the 

tool root and to simulate a torsional case in a cutting tool subjected to torsional torque 

with the same experimental value (576, 220, 130, 95 N.m.). The results are 

approximately convergence with a R2 correction factor of 0.9. 
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1. INTRODUCTION

In the PCFR composite, the polymer with carbon fiber is 

used to form large holes 15 mm in diameter and 15 mm in 

thickness. In present research, the material is considered non-

homogenous and anisotropic. This material is widely used in 

the industrial field as assembly parts. Matrix grids, thermal 

damage, spallation, surface limitation, reducing material, or 

drawing material out create these holes. Among the 

deformations that have a negative impact on PCFR 

composites are the main goal of the present work is to 

compare holes in twist drills, helical milling, and the 

technique of pilot hole machining according to the work in 

one direction for PCFR composites. When compared to other 

methods, the experimental work shows that the hole made by 

a twist drill is of lower quality, with the possibility of tool 

damage at the inlet and outlet. This research resulted in the 

selection of the best method for repairing holes in the aircraft 

and automobile industries [1-3]. 

In the drilling process, two different metals are used as one 

layer; this technique is widely used in the aerospace industry, 

and the convergence is very important, especially in different 

metals due to their differences in properties [4]. The 

appropriate tool drill for the experimental work is created, 

and the thrust force is a variable produced on the CFRP or Al 

7075 plate hole. The ANOVA method is used to determine 

the best thrust force value for CFRP/Al 7075, where feed rate 

is affected by the maximum thrust force analysis. This value 

led to hole deformation, roughness on the hole surface, and 

chip formation [5]. The best settings for the drilling tool are 

30° for the helix angle, 6° for the initial clearance, 130° for 

the point angle, 30° for the knife edge angle, 2600 rpm for 

the rotation speed, and 0.05 mm/rev for the feed rate [6]. 

The twist drill process is widely used in industry for plate 

machining. During machining, cutting forces increase with 

hole diameter, reducing accuracy. When drilling plate 

material, an axial cutting force is established, resulting in 

composite convergence and quality reduction [7, 8]. The 

important thing is to calculate or predict the cutting force 

value; thus, this paper proposes a method for calculating the 

cutting force during homogeneous aluminum drilling. When 

cutting isotropic 6061-T6 alloy, the smoothed particle 

hydrodynamic is used. The comparison is done between 

theoretical and experimental results and with another 

research [9, 10]. The present research is predicting of force 

cutting according to torsional vibration equation in case 

firstly mention, this in case of reducing torsional vibration 

will lead to increase tool life. 

The solid carbide tool is used in the drilling process, while 

the work piece is Al 7075 in experimental cutting. The study 

deals with important parameters such as cutting speed, 

federate, and diameter of the cutting tool and investigates the 

effect of these parameters on thrust force Fz and cutting 

torque Mz. The response surface methodology is used to 

show the effect of previous parameters on Fz and Mz, and the 

ability to increase values during cutting. The applied 

mathematical model provides positive results and accuracy 

for 3.5% Fz and 4.8% Mz. The analysis of difference is used 

to improve the convergence of results. The diameter of the 

tool and feed rate are important parameters, and they have an 

effect on the Fz and Mz values, while the speed has a low 

effect on them in experimental work [11-13]. 

To measure stress wave propagation during percussive 

drilling, a Whetstone bridge is used to relays the strain gage 

voltage to the amplifier, which transmits it as analog signal 

to the ADC. The strain sensor is a uniaxial general-purpose 
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foil resistance strain gage (Omega SGD-13/1000-LY11) with 

1000 X resistance, gage factor (GF) of 2.0 and active gage 

length of 0.5 in. (12.7 mm). This high resistance strain gage 

is selected to reduce power consumption [14]. 

The research aims to improve the sudden stop for any 

reason of a twist drill tool during the cutting process. In other 

words, the focus of this paper is on treating the increasing 

stress and strain caused by a sudden stop by using lubricant 

liquid that directs flow when a strain gauge attached to the 

cutting tool detects increasing tool strain. 

In Experimental work, the work piece may be vibrated or 

moved during drilling process due to produce low quality 

hole, or some time the drilling tool faces burl in work piece 

metal lead to vibrate of cutting tool. In this case can be 

perform reamer or countersinking process to get high quality 

hole. The using of good lubricant oil is used to avoid drilling 

tool for any wear at initial penetrate or process end 

Depending on torsional vibration equation can be specified 

important variables effect on dynamic cutting force such as; 

modulus of rigidity, material density, static shear strain, 

length of twist drill tool, all these variables, they are changing 

with position in cross section tool and tool penetration time 

in metal of work piece. 

 

 

2. LONGITUDINAL VIBRATION EFFECT ON TWIST 

DRILL SUBJECTED TO SUDDEN STOP 

 

The drilling process by twist drill is regarded as an 

important industrial process in mechanical production and in 

all mechanical parts, as well as maintenance work done on 

mechanical elements. According to the cutting process on the 

work piece metal, the stresses and strains will be increased 

during the increasing of twist drill penetration through the 

metal work piece, and the temperature will also increase, 

which can lead to strain hardening occurring in the work 

piece metal as the temperature rises above the normal limit, 

particularly during cutting. The stopping of a twist drill 

occurs on the cross section of the drilling tool due to strain 

hardening caused by torsional vibration, and this translates to 

the root of the drilling tool and can lead to tool failure or 

dislocation of the tool caught region, which leads to hole 

deformation in a continuous state of cutting. Timoshenko Eqs. 

(1) and (2) show the dynamic shear strain to static strain ratio, 

respectively. In these two equations, the mechanical 

properties and liner velocity can be regarded as practical 

variables for torsional vibration during the cutting process. 

The basic of Timoshenko equation according to longitudinal 

vibration in beam moving liner motion by using second 

Newton's law and Hooks law. This case can be applied in 

torsional vibration in initial move or sudden stop as occur in 

twist drill tool. 

 

𝜏(𝑥, 𝑡) = 4(𝐺𝛾𝑜) ∑ 𝑐𝑜𝑠⁡(
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3. METHODOLOGY 

 

3.1 Experimental work 

 

The twist drill tool is used, which is made from high-speed 

steel (HSS) metal from the mechanical industries general 

company in Babel City. The metal of the twist drill is tested 

by light spark equipment and its elements, as shown in Table 

1. The solid drilling machine BM 20T is used in experimental 

work it has multi-rotation speeds (25, 65, 110, and 150 rpm). 

The rectangular strain gauges (type EA-06-120 LZ-120/E) 

with Antenna as shown in Figure 1 is used to a transmit 

wireless signal to receiver data connected with interface 

device of strain reading and connected with a laptop 

computer to keep the strain readings which transmit from 

strain gauge (horizontally type), which have frequency (120 

Hz) to can be give maximum strain readings. Figures 2 and 3 

show the experimental setup of drilling process. 

 

Table 1. The elements percentage of a punch material (HSS) 

 
W% V% Mg% Cr% C% 

6.5 1.95 4.8 3.9 0.85 

 

 
 

Figure 1. The PCB and strain gage [14] 

 

 
 

Figure 2. Strain gauge and reading system functional 

diagram 
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Figure 3. Experimental mechanical system of twist drill 

 

3.2 Simulation work 

 

The auto desk inventor programme is used to simulate 

drilling processes by twisting drill tools based on 

experimental torque values, where the drilling tool 

experiences sudden stopping due to increasing strain 

hardening in the work piece metal or crystalline burls in the 

metal of the drilling tool during the penetration process, and 

then torsional shear stress occurs in the drilling tool metal and 

translates to the drilling tool root, which may result in failure. 

The auto desk inventor improves accuracy according to 

different velocities of the twist drill tool. 

 

 

4. RESULTS AND DISCUSSION 

 

Figures 4, 5, 6, and 7 show the results obtained when using 

lubricant cutting in the same previous cases The case of 

lubricant that helps to reduce the cutting force and cooling 

the cutting area well and improve the condition of cutting by 

the lubricant fluid as shown its elements in Table 2. In the 

first of the previously mentioned dry cutting at different 

speeds, these are simple cases of a sudden stop of the twist 

drill and then recording the shearing strains due to torsion by 

emotion of the strain gage, which gives a signal to the 

receiver via translator and is then saved in a computer 

programmed on the laptop. In previous figures can be show 

in 17 second, the intersection is occurred because of strain 

hardening in drilling tool metal due to increasing of tool 

penetration in sheet metal. 

 

Table 2. Details of the oil lubricant percentage [15] 

 

Stuff Office 
Contact: 

(%Volume/Volume of Fixed Oil) 

Fixed oil 

Washing soap 

Carbolic acid 

Sculpture 

Base oil 

Emulsifier 

Germicide 

Extreme 

80% 

10% 

5% 

5% 

 
 

Figure 4. Practical torsional shear strain of twist drill tool at 

25rpm and 576N.m 

 

 
 

Figure 5. Practical torsional shear strain of twist drill tool at 

65rpm and 220N.m 

 

 
 

Figure 6. Practical torsional shear strain of twist drill tool at 

110rpm and 130N.m 

 

 
 

Figure 7. Practical torsional shear strain of twist drill tool at 

150rpm and 95N.m 

 

1144



 

A Visual Fortran programmed can be used to obtain 

theoretical stress and strain results in order to verify that the 

torsional stress and strain occur at the root of the tool and 

draw these results in Figures 8, 9, 10, and 11. 

 

 
 

Figure 8. One resonance vibration cycle for twist drill tool 

to measure (τd & γd) at 576N.m 

 

 
 

Figure 9. One resonance vibration cycle for twist drill tool 

to measure (τd & γd) at 220N.m 

 

 
 

Figure 10. One resonance vibration cycle for twist drill tool 

to measure (τd & γd) at 130N.m 

 
 

Figure 11. One resonance vibration cycle for twist drill tool 

to measure (τd & γd) at 95N.m 

 

The auto desk inventor programme was used in this study 

to simulate the drilling process using a twist drill tool based 

on experimental torque values. The auto desk inventor 

improved accuracy results as shown in Figures 12, 13, 14, 

and 15 based on different twist drill tool velocities. to 

simulate the drilling process using a twist drill tool based on 

experimental torque values. The auto desk inventor improved 

accuracy results as shown in Figures 12, 13, 14, and 15 based 

on different twist drill tool velocities. 

Due to the obsolescence of cutting metal, the twist drill 

drilling process is widely used in industrial production 

processes, and it will produce strain hardening and crystalline 

arches in the microstructure of metal, which can have an 

effect on the tool during the cutting process as torsional stress 

is inversely proportional to the rotational process of the 

cutting tool and may then translate this stress to the tool root, 

leading to failure or causing dislocation. 

In experimental work, the first case of dry runs at different 

speeds will produce strains in the twist drill tool because of 

torsional torque. In the second state, lubricant liquid is used 

in the cutting process, resulting in a dabbed reduction in 

strains and chip slipping facilities due to cutting, as shown in 

Figures 4, 5, 6, and 7, where the value of experimental strains 

in dry cutting is 0.0036, 0.0032, 0.0034, and 0.0046, 

respectively, according to speed sequences of 25 rpm, 65 rpm, 

110 rpm, and 150 rpm, and where the maximum strain is as 

previously stated, the lubricant process is critical when 

cutting metal with a large thickness. 

The lubricant discharge is very important in cutting 

process, where increasing of discharge in reasonable limit 

lead to good results to decreasing tool dynamic strain during 

penetration, can be deal with changing of lubricant discharge 

and lubricant direction way as variables in feature research. 

In the theoretical case, we were applying the Timoshenko 

Eqs. (1) and (2) in a Visual Fortran programmed and showing 

the important variables and invariables to get the dynamic 

stress and strain with different rotational speeds at the same 

value in experimental work, as illustrated in Figures 8, 9, 10, 

and 11. The theoretical results of maximum rotational shear 

strain values (0.0036, 0.0036, 0.0036, 0.0047) and 

comparison with experimental strains, where the correction 

factor is (R2=0.9) as shown in Table 3, where this refer to 

high accuracy between the results. Figures 12, 13, 14, and 15 

show auto desk inventor simulation results with the same 

different speeds, with strain values of (0.0034, 0.002487, 

0.003483, and 0.004476) respectively. 
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Figure 12. Torsional shear stress, torsional shear strain for cutting edge of twist drill at 576N.m 

 

 
 

Figure 13. Torsional shear stress, torsional shear strain for cutting edge of twist drill at 220N.m 

 

 
 

Figure 14. Torsional shear stress, torsional shear strain for cutting edge of twist drill at 130N.m 
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Figure 15. Torsional shear stress, torsional shear strain for cutting edge of twist drill at 95N.m 

 

Table 3. The theoretical, experimental and simulation results of shear strain () during stroke cutting 

 

N (rpm) Torque (N.m) 
max. 

Theoretical 

max. Without 

Lubricant Experimental 

max. With 

Lubricant 

Experimental 

max. Simulation 

25 

65 

110 

150 

576 

220 

130 

95 

0.0036 

0.0036 

0.0036 

0.0047 

0.0038 

0.0038 

0.0038 

0.0048 

0.0029 

0.0031 

0.0035 

0.0038 

0.0034 

0.002487 

0.003483 

0.004476 

Correction factor (R2) for all results=0.9 

 

 

5. CONCLUSIONS 

 

Based on the current investigation, some conclusions can be 

drawn, as shown below: 

i. The present study improves the ability to reduce 

torsional stress and shear strain in drilling tool 

during stopped for any reason by using lubricant 

fluid, this led to increasing of tool service life, 

reducing tool wear and economically for production 

process. 

ii. The Timoshenko equations are improved and can be 

used in the sudden stop case of a cutting tool that is 

subjected to torsional torque for any reason. 

iii. The sudden stop for any reason of the twist drill tool 

during the cutting process is improved in the current 

study, both empirically and numerically. 

iv. The current findings show that the lubricant process 

is very important in the drilling process, especially 

for metal element cutting, which requires a large 

thickness to reduce stresses and strains in the twist 

drill tool. 

v. The current study agrees with previous studies as the 

Auto Desk inventor programmed is very active in a 

cutting tool's factorial test case and can provide 

knowledge of stresses and strains where a tool 

subjected to torsional torque has the same 

experimental value and shows a dangerous region in 

the tool. 
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NOMENCLATURE 

 (x, t) Dynamic shear stress (MN/m2) 

G Modulus of rigidity (GN/m2) 

w 

x 

Angular velocity (rad/sec) 

Position of stress or strain 

t time (sec) 

a Stress speed=√
𝐺

𝜌

Greek symbols 

o Static shear 

 (x,t) Dynamic 

1148

https://doi.org/10.1016/j.procir.2018.08.282
https://doi.org/10.1016/j.crme.2018.06.003
https://doi.org/10.3390/machines6020024
https://doi.org/10.1016/j.measurement.2017.09.051
https://doi.org/10.1016/j.compositesa.2011.05.008
http://dx.doi.org/10.18280/i2m.210402



