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Abstract: Like most machining process, cutting tool deflection in drilling is affected
the efficiency of machining process. Nowadays simulation studies have been widely
used in predict the cutting tool deflection and at the same time it can reduce the cost
of manufacturing. Therefore, in this current research, a simulation procedure has been
developed to study the cutting tool deflection in drilling process. Other than that, the
objective of this study is to analyses the stress and deflection acting on cutting tool.
Finite Element Analysis (FEA) has been used in this study which is Abaqus software
has been implemented in order to simulate and analyses the results. A three-
dimensional model of cutting tool has been develop and a force loading has been
applied at the tip of cutting tool. Based on the simulation, it has been found, the
deflection of cutting tool is related to the results of stress distribution and
displacement along the path that has been created along cutting tool. In addition, it
has been stated that the maximum stress distribute on the cutting tool can be seen
from different color contour and the maximum value is 4.707e+03 which is occurred
at the tip of cutting tool. While for the value of displacement, the maximum value is
1.640e-08. Lastly, by using finite element method, many parameters of cutting tool
and drilling process can be studied to obtain the best cutting parameters and enhance
the performance of machining process
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1. Introduction

Nowadays in industries, many machining processes are performed in order to produce products
such as drilling, milling and turning. Drilling is a process where it uses a drill bit to cut or enlarge a hole
of circular cross-section in a solid material such as block or thin metal plates. In this process also which
is drilling, known that the bit is pressed against the workpiece where it will force the cutting edge against
the workpiece [1]. The formation of low residual stresses around the opening of the hole and a very thin
layer on the newly formed surface of highly stressed and disturbed material. Elastic deflections during
the machining process are due to cutting forces which is vertical and horizontal forces where the force

*(forresponding author: haslina@uthm.edu.my
2021 UTHM Publisher. All right reserved.
publisher.uthm.edu.my/periodicals/index.php/rpmme



Aziz M.A.A et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 2 No. 2 (2021) p. 104-111

will act on the tool and tilt the tool in the opposite direction starting from the tip[2]. Workpieces are
essential sources of shape and dimensional mistakes and it will induce burr formation in the exit hole
during the drilling process . A large number of researchers have done a lot of research on the gun-
drilling borehole quality and found that the key factors causing the gun-drilling axis deviation are the
misalignment of the drill shaft[3]. Types of structure modelling used are Finite Element Analysis (FEA)
model and study of the displacement of each element using elastic hypotheses. FEA modelling are used
to determine the static stiffness and fundamental vibration modes for a parallel kinematics machine[4].
In short, if the drilling process can be manipulated and understand, also on how to make sure that the
end products are in good quality[5]. All problems that are related to this process can be overcome or
maybe some precautions step can be taken before the process is done[6]. Where, all of this problem can
be studied by using some engineering software or by using Finite Element Analysis (FEA) itself. In the
drilling process, when the workpiece is subjected to dynamic load which is the high-speed machinery,
one of the problems that will occur is cutting tool deflection[7]. Cutting tool deflection is a consequence
of cutting force of the machining process. Even when the spindle of the machine tool followed the lead,
the tip might not follow the path because of the bending of the tool to the side[8]. It will also affect the
quality of the holes, surface roughness and burr formation. In both cases, time and financial loses are
observed. The objective of this study is to develop simulation procedure to determine the deflection and
stress in cutting tool of drilling process and also to analyse the deflection and stress acts on the cutting
tool for drilling process.

2. Methodology

In this study, a model of cutting tool has been developed using Solidwork software. Then analysis
on the tool was done using Abaqus software to analyze the force acting on the tool where the model
will be export to Abaqus software. In Abaqus software also, the material of cutting tool has been
defined. In order to succeed the simulation of the cutting tool, several of parameters need to be assigned
such as properties for the cutting tool, boundary condition and the force acting on the cutting tool need
to be determine. The simulation data will be validate and compare with previous study. The main
purpose of this study is to investigate the stress and displacement acting on the cutting tool. The value
of stress and displacement will be analyses to relate with the cutting tool deflection.

2.1 Development of cutting tool

Solidworks has been used to design the cutting tool drawing for three dimensional views. This
drawing is important to be used as a guideline because it will be used in the software simulation,
ABAQUS. The dimension of the cutting tool used is 14mm diameter and 100mm long and it is made
up from material solid carbide. While the material properties for the cutting tool are shown in table 1.

100mm

Figure 1: 3-Dimension view

Table 1: Material parameters for drill [9].

105



Aziz M.A.A et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 2 No. 2 (2021) p. 104-111

Parameters Value
Modulus of elasticity (Gpa) 180
Poisson’s ratio 0.29

2.2 Simulation Procedure in Abaqus

In order to run the simulation, the cutting tool was designed in Solidwork software and the file
was saved as .STEP format in order to import the cutting tool into the Abaqus software. Where .STEP
file is the most versatile that are easy to use. First of all, after the cutting tool were successfully imported
into the Abaqus software. After the cutting tool were import into Abaqus, the material properties for
the cutting tool were assigned as shown in table 1. For this study, it is a static study of a cutting tool
where there is no movement in any axis. Step will be applied to the cutting tool. When determining the
step of the cutting tool, it can be seen that new step need to be created after the initial step where in this
study stress and deflection will be analyzed. Other than that, field output and history output also needed
to be determine. All the variables that have been assigned and determine will be used to study the tool
deflection of cutting tool.

Figure 2 shows the boundary condition that are assigned to the cutting tool on top of the cutting
tool where it shows that the cutting tool are being hold without any rotation acting on any axis and the
cutting tool also are static which means it does not have any torque value which means we are just
studying the cutting tool without any movement or rotation. The boundary condition set for the cutting
tool are ENCASTRE (U1=U2=U3=UR1=UR2=UR3) which is all the value are set as 0 respectively.
Other than that, the field output request for this study was focusing on stresses, strains and also
displacement. The loads for the cutting tool also were determined. While Figure 3 shows the output
request in step module. After that the load will be assigned at the tip of the cutting tool by the value of
553.8N.

4> Edit Boundary Condition X
Name: BC-2

Type:  Displacement/Rotation

Step:  Step-1 (Static, General)

Region: Set-5 [»

CSYS: (Global) [y L

Distribution: | Uniform v
[ H 0

U2 0

M uz: 0

[ UR1: 0 radians
UR2: 0 radians
UR3: 0

Amplitude: | (Ramp) g Y\/

radians

Note: The displacement value will be
maintained in subsequent steps.

oK Cancel

Figure 2: Boundary condition
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Create... Copy... Rename... Delete... Dismiss

Figure 3: Output request in step module

Next is the meshing of the cutting tool where we can see figure 4 shows the cutting tool that
has been meshed. Load 553.8 N were referred from the previous study and the force were put on CF3
because the force is acting on the z-axis since it is a drilling process there would be only force acting
on the z-axis. Since this study is a drilling process, the load was set at the tip of the cutting tool. Under
job module, job file was created in order to ensure that there was no error so that data can be obtain and
collected.

Figure 4: Meshed cutting tool

Figure 5: Load applied at the cutting tool
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2.3 Calculation of cutting tool deflection

In order to study about the tool deflection of the cutting tool, an equation will be used to
calculate the value of deflection where the equation can be seen as follows:

()_CFZ 113 (123 - 113"
f@=Cglpre D24

Eq1l

3. Results and Discussion

Analysis of the simulation results which includes the stress, strain and magnitude acting on the
cutting tool. Results are obtained from the finite element method using Abaqus software.

The purpose of this study is to identify the relationship of amount of stress acting on the cutting
tool towards the deflection of the cutting tool where stress is defined as the force applied force across a
small boundary per unit area of that boundary that causes it to alter shape. In other words, the resisting
force or the internal resistance generated within the material is called as stress. There are two types of
stresses which is tensile and compressive. Depending on the application, structural materials are chosen
for their capacity to resist tensile or compressive forces. As for this study, the stress acting on the tool
were generated using Abaqus software when all the parameters were done setup on the software

S, Mises

(Avg: 75%)
+4.707e+03
+5.000e+01
+4.546e+01
+4.092e+01
+3.638e+01
+3.184e+01
+2.72%9+01
+2.275e+01
+1.821e+01
+1.367e+01
+9.131e+00
+4.58%e+00
+4.843e-02

Max: +4.707e+03

Elem: drill 1-1,11035
MNode: 6

Max: +4.7’Z78+003

Figure 6; S, misses stress acting on tool

Based on the results generates from Abaqus, the maximum value of the stresses acting on the cutting
tool is 4.707e+03 where the maximum stress are acting on the tip of the cutting tool because the loads
are assigned acting on the tip of the cutting tool since this study is about drilling process the load will
be acting on the tip of the cutting tool. While the minimum value is 4.843e-02 where the minimum
stress acting on the body of cutting tool not nearby the tip. A path also was created on the cutting tool
in order to create a graph of stress vs distance along the path. The graph can be seen in Figure 7.
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Figure 7 : Graph
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of stress vs distance along the path

including rotations at nodes with rotational degrees of
only field-type output includes the rotations). Other than
things that are being observed within this study. Where

magnitude or displacement that are being observed in this study also shows the maximum value of
deflection that can been held by the cutting tool with the exerted force assigned to the cutting tool with

a value of 553.8N.

U, Magnitude

+1.640e-08
+1.000e-08
+9.091e-09
+8.182e-09
+7.273e-09
+6.364e-09
+5.455e-09
+4.545e-09
+3.636e-09
+2.727e-09
+1.818e-09
+9.091e-10
+0.000e+00
Max: +1.640e-08

Node: drill 1-1.6

Max: +1.840e-008

Figure 8: Magnitude result

It shows the part that have a load acting on it are the part that have the tendency to deflect the most.
Where the maximum value magnitude on the cutting tool is 1.640e-08 and the minimum value of
magnitude is 0.0000e+00 where it does not have any magnitude value acting on the cutting tool. Based

on the results obtain from the simulation,

the maximum displacement value is 1.640e-08. If the

maximum deflection is calculated by formula,

F, =553.8,L1 =67,L2=100,C =7.93,D1 =14,D2 =14,N = 0.974

Deflection 4, = 7.93

1

80 x 109 [14*

0.974

553.8 [67% (1003 —673)

144
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Deflection,,,, = 5.835x 1077

X2 — X1
C =——

X1

oo (1.640 x 1078) — (5.835 x 1077)
B (5.835 x 10~7)

= 97.2%

From the result obtained, it can be seen that the percentage of error for the simulation are quite high.
This is due to some lacks of parameters are assigned to the cutting tool and also for the simulation.
Accompanying discussions that further explain observations of the results are usually placed
immediately below the results paragraph. Only elastic properties were assigned to the cutting tool and
fixed boundary condition which means the cutting tool are not rotating on any axis and it is a static
study towards the cutting tool. there is no contact surface between the cutting tool and workpiece. Where
no central damage can be confirmed if there is no workpiece touched with the cutting tool. Other than
that size of the mesh of cutting tool also effects the accuracy of the results. Mesh size is a key issue in
finite element analysis. The mesh size is determined by the amount and precision of meshes required
for element meshing. The structure and failure theories of the material may be affected by both the
statistical and analytical aspects of scaling sizes. The mesh size used in this study are not small enough
because in order to do a small mesh the it will slow down the device used to run the simulation. It is
effective to use a small mesh size in order to acquire an accurate result but it needs a high-performance
laptop or device. various of parameters needed to be assigned and tested in order to get the accurate
data for the simulation. Where suitable parameters for cutting tool would be obtained in order to prevent
or minimise the tool deflection occurred and path of the cutting tool is correct. Lastly, the factors that
might affect the high percentage of error is because study that have been done on the cutting tool is a
3D simulation but the formula used to find the percentage error is a 2D formula where 2D study is well
known because of its simplicity.

4., Conclusion

The first objective of this study is to develop simulation procedure to determine the stress and
deflection of the cutting tool. Therefore, in order to achieve the objective can be seen in this study’s
methodology where the dimensions are drawn correctly after that the material property for the cutting
tool will be assigned based on the previous study followed and also boundary condition for the cutting
tool. All steps are being followed correctly in order to ensure there will be no error when the simulation
is running. For the second objective is to analyse the deflection and stresses acting on cutting tool. From
this study the maximum value of stress acting on the cutting tool is 4.707e+03 while for the maximum
value of displacement is 1.640e-08. Various of cutting parameters needed to be simulate so that the
most suitable cutting parameters can be obtain in order the deflection and the stress acting on the cutting
tool can be minimised. Where for this study no cutting parameters are being included. Therefore, the
percentage error for this study is high with a value of 97.2%. Such as the optimum cutting speed and
feed rate where the cutting speed cannot be too fast and too slow. Lastly is the formula used is need to
be in 3-dimensional formula.
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