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The Effect of Nose Radius on Cutting Force and
Temperature during Machining Titanium Alloy
(Ti-6Al-4V)
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Abstract—This paper presents a study the effect of nose radius
(R.--mm) on cutting force components and temperatures during the
machining simulation in an orthogonal cutting process for titanium
alloy (Ti-6Al-4V). The cutting process was performed at various
nose radiuses (R.-mm) while the depth of cut (¢-mm), feed rate (f-
mm/tooth) and cutting speed (v..m/ min) were remained constant.
The main cutting force (F,), feed cutting force (F,) and temperatures
were estimated by using finite element modeling (FEM) through
ABAQUS/EXPLICIT software and the simulation was developed the
two-dimension via an orthogonal cutting process during machining
titanium alloy (Ti-6Al-4V). The results led to the conclusion that the
nose radius (R.-mm) has affected directly on the cutting force
components. However, temperature gave no indication or has no
significant relation with nose radius during machining titanium alloy
(Ti-6Al-4V). Hence, any increase or decrease in the nose radius (R.-
mm) during machining operation led to effect on the cutting forces
and thus it will be effective on surface finish, quality, and quantity of
products.

Keywords—Finite element modeling (FEM), nose radius, cutting
force, temperature, titanium alloy (Ti-6Al-4V).

I. INTRODUCTION

ITANIUM alloy [1] is an attractive material due to their

unique high strength-weight ratio that is maintained at
their  exceptional corrosion resistance and elevated
temperatures. The main application of titanium alloy is found
in the aerospace industry that it is used in both engine
components and airframes. There is non-aerospace application
can take advantage mainly of corrosion resistant and their
excellent strength properties [2]-[4]. These reasons led to
become that titanium alloy (Ti-6Al-4V) is known as difficult
machining materials.

Researchers are focusing to use a wide range of tools and
techniques to ensure that the designs they are created it saves.
Probably, sometimes accidents could happen while they work
in the laboratories or factories. Industries need to know
whether a product failed or how many percentage need to
success it. Nevertheless, they have to ensure that the product
works well under a wide range of conditions and try to avoid
from failure due to any cause. In this regard, finite element

Moaz H. Ali is a Head of the Department of Computer Engineering
Techniques in the College AlSafwa University, Karbala—-Iraq (corresponding
author to provide phone: +9647906267674; e-mail: muezhm@hotmail.com).

M.N.M. Ansari is with the Department of Mechanical Engineering,
Universiti Tenaga Nasional, Putra Jaya—Malaysia, Jalan Ikram-Uniten (e-mail:
ansari@uniten.edu.my).

modeling (FEM) could help to avoid the failure and improve
the success. Therefore, it is considered one of the most
important factors affecting the cutting process is tool
geometry (nose radius). Hence, discuss the effects of nose
radius based on prediction method by using FEM [11].

FEM is a very important technique for machining
application analysis because it can produce very accurate and
significant results. In general modeling the plastic material
flow, contains two basic approaches to assigning elements [5].
Firstly, fixing the elements in space and allowing the material
to flow through them (Eulerian technique) and secondly,
dividing the material into elements that move with the flow
(Lagrangian technique). Therefore, the Johnson-Cook
constitutive model of titanium alloy (Ti-6Al-4V) had been
established earlier and developed.

The cutting process of titanium alloy (Ti-6Al-4V) was
simulated by using an orthogonal cutting of finite element
model. However, in this simulation, the Johnson-Cook model
considered the adiabatic effect is more accurately [6].

The main purpose of this research paper is a study the effect
of nose radius (R, - mm) on the cutting force components and
temperature during the machining simulation process for
titanium alloy (Ti-6Al-4V) through an orthogonal cutting
process by using finite element modeling (FEM).

I1. FINITE ELEMENT MODELING (FEM)

Finite element modeling (FEM) is considered one of the
important techniques of numerical simulation methods. It can
estimate accurate results such as cutting forces, temperature,
and surface roughness or other desired unknown parameters in
the finite element model. Therefore, a commercial finite-
element ABAQUS/EXPLICIT software system requires the
following information procedures:

1. Work-piece material and tool modeling
2. Contact and failure laws analysis
3. Meshing elements, assembly parts and boundary conditions

A. Work-piece Material and Tool Modeling

The finite element modeling was developed (2D) of an
orthogonal cutting process for titanium alloy (Ti-6Al-4V) and
it was considered fully thermo-mechanically coupled implicit
[7]. The work-piece material of titanium alloy (Ti-6Al-4V) is
designed by using a dimension of 60 mm x 100 mm with
machining parameters; cutting depth (d — mm), feed rate (f -
mm/tooth), cutting speed (v. — m/min). The tool geometry is
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designed by selecting rake angle and clearance angle as shown
in Table I. In addition, tool geometry is designed with the
assumption mechanically rigid in this simulation process.

TABLE |
CUTTING PARAMETERS MODELING

Angle Cutting Parameters
Rake, Clearance, Depth Cutting speed, Feed rate,
y (deg) a (deg) d (mm) ve (m/min) f(mm/tooth)
0 11 1 100 0.2

B. Contact and Failure Laws Analysis

The simulation results have been estimated by using FEM.
In addition, the failure parameters d, to ds are acquired from
[8]. Where: d,=-0.09, d, = 0.25, d; = -0.5, d, = 0.014, and d;
= 3.87. In this respect, the work-piece of titanium alloy (Ti-
6Al-4V) is modeled with the Johnson—Cook plasticity model
refers to (1). Besides that, the failure strain (ef) is detailed as
refer to (2) as:

o= (A+B &,") (1+C In (e/es) (1- (T-TH(T,-T,))") (1)
& =(d+d, "' Y+, In€" | 20)) L+ d(T-T)IT,-T)Y) ()

where: ¢ is flow stress, ¢, and ¢ are the strain and strain rate, ¢,
is the reference strain rate (//s) and n, m, A, B and C are
constant parameters for Johnson-Cook material model as
shown in Table II. (¢/,) is a function of non-dimensional
plastic strain, a dimensionless pressure stress ratio (o,/0,),
where ¢, is the pressure stress and o, is the stress (Von-
Mises), room temperature (7,), and melting temperature (7,,)

[9].

TABLE Il
CONSTANT PARAMETERS FOR THE J-C MODEL AND PHYSICAL PARAMETERS
OF TITANIUM ALLOY (TI-6AL-4V) [10], [11]

Cutting constant Values
A4 (MPA) 987.8
B (MPA) 761.5
n 0.41433
m 1.516
C 0.01516
Reference strain rate (1/s) 2000
Density, p (kg/m®) 4428
Young’s modulus (GPA) 113.8
Poisson’s ratio 0.342
Specific heat, Cp (J/kg °C) 670
Thermal conductivity, 6.6
2 (W/m°C)
Expansion Coeff., 9
(um/m/°C)
Troom (°C) 25
T melting (°C) 1605
Inelastic heat fraction (5) 0.9

C. Meshing Elements, Assembly Parts and Boundary
Conditions

From Fig. 1, the mesh generator starts by creating elements

along the boundary conditions of the work-piece material and
cutting tool. The meshing elements and assembly parts
between work-piece material and tool geometry were created
at the contact surface between the cutting tool edge and the
work-piece material of titanium alloy (Ti-6Al-4V) as shown in
Fig. 1. The total number of elements used is approximately
about 11286 and the number of nodes used is 11512 for work-
piece of titanium alloy (Ti-6Al-4V) via using an orthogonal
cutting process.
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Shear Stress Zone ~
ContactZone
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Surface Finish
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Fig. 1 Meshing elements and boundary conditions in the cutting zone

I1l. RESULTS ANALYSIS

The finite element modeling (FEM) is estimated the cutting
forces and temperatures as well. The cutting force components
such as the main cutting force (F.) and feed cutting force ()
were estimated at two points while several nose radiuses (R.-
mm). Test results are estimated from FEM while several nose
radiuses as shown in Table IIl. On the other hand,
temperatures are given no indication or has no significant
relation with nose radius during machining titanium alloy (Ti-
6Al-4V) as shown in Fig. 2.

TABLE I11
TEST RESULTS ESTIMATED FROM FEM WHILE VARIOUS NOSE RADIUSES IN
DRY CUTTING CONDITIONS
Cutting parameters were remained constant

Machining Nose (d.fiv)
Simulation Radius Main Cutting Force  Feed Cutting Force
Tests R-mm (F)N (F)N
Point 1 Point 2 Point 1 Point 2
T1 0.8 1136 903 585 259
T2 1.2 1132 1453 529 525
T3 16 1290 1151 641 258
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Fig. 2 Temperature estimates at various nose radiuses using FEM

IVV. DISCUSSION

The nose radius (R.-mm) has affected on the cutting forces
(F., F;) according to the machining simulation tests estimated
at two different points of the work- piece material for titanium
alloy (Ti-6Al-4V). The final results were obtained from (T1)
and (T3) that the values of main cutting force (F,) were
decreased from point 1 to point 2. This behavior indicates that
a strength influence of nose radius (R.-mm) at the main cutting
force during the cutting process as shown in Fig. 3. However,
test (T2) is observed that the main cutting force (F.) was
increased depends on the value of nose radius (R.-mm) as
shown in Fig. 3. On the other hand, (T1) and (T3) were found
that the feed cutting force (F,) was deeply decreased from
point 1 to point 2 that is described their values of a fall sharply
as shown in Fig. 4. This is because the main cutting force was
decreased already at (T1) and (T3) that it means under these
cutting conditions the nose radius effects by decreasing
cutting forces. Therefore, it can be observed when decreasing
cutting forces as well as surface roughness was decreased and
thus it will be improved surface finish of the work-piece
material. Although, test (T2) is observed that the feed cutting
force (F;) was also decreased, but a little bit from points 1 to
point 2 that is related to increasing in the main cutting force as
shown in Fig. 4. Cutting processes have shown a significant
relationship between main cutting force (F.) and feed cutting
force (F,) during machining titanium alloy (Ti-6Al-4V)
according to machining simulation tests. Therefore, any
increase or decrease in the nose radius (R.-mm) during the
machining process led to effect on the machining parameters
of titanium alloy (Ti-6Al-4V) and thus surface finish. Hence,
this prediction will be affected positively on the machining
process and surface roughness value because it improves the
quality and quantity of products.
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Fig. 3 Main cutting force (F,) estimated at various nose radiuses
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Fig. 4 Feed cutting force (F,) estimated at various nose radiuses

V.CONCLUSIONS

From the obtained results, the conclusion can be drawn as:

1. Nose radius (R.) is considered one of the most important
factors affecting on the cutting process, so predict it by
using FEM, which is led to improve the quality and
quantity of products.

2. FEM s a very important technique for machining
application analysis because it can produce very accurate
and significant results.

3. FEM can contribute in reducing the cost of manufacturing
in terms of prolongs the cutting tool life and machining
time saving to improve the productivity.

4. Any increase or decrease in the nose radius (R.) led to
affect directly on the machining parameters and thus
surface finish as well.

5. Temperatures are given no indication or has no significant
relation with nose radius during machining titanium alloy
(Ti-6Al-4V).

6. Increase in the nose radius is led to decrease in the cutting
forces as well as surface roughness and thus it will be
improved surface finish.

ACKNOWLEDGMENT

The authors would like to acknowledge the support given
by the College AlSafwa University and Universiti Tenaga
Nasional in carrying out this research work.

2119



International Journal of Mechanical, Industrial and Aerospace Sciences
ISSN: 2517-9950
Vol:8, No:12, 2014

REFERENCES

[1] Xiaoping Yang and C. Richard Liu, Machining titanium and its alloys.
Machining Science and Technology, 1999; 3 (1), pp. 107-139.

[2] S. K. Bhaumik, C. Divakar, and A. K. Singh, Machining Ti-6AI-4V Alloy
with a WBN-CBN Composite Tool. Materials & Design, 1995; 16 (4), pp.
221-226.

[3] A.R. Machado and J. Wallbank, Machining of Titanium and Its Alloys:
A Review. Journal of Engineering Manufacture, 1990; 204, pp. 53-60.

[4]1 H. E. Trucks, Machining Titanium Alloys. Machine and Tool Blue Book,
1987; 82 (I, pp. 39-41.

[5] Geoffrey Boothroyd, Winston A. Knight, Fundamentals of machining
and machine tools, 3™ Ed. 2005.

[6] WU Hong-bing, Xu Chengguang, Jia Zhi-xin, Establishment of
constitutive model of titanium alloy Ti6Al4V and validation of finite
element. |EEE DOI 10.1109/ICMTMA.2010.555.

[7] HKS Inc., USA ABAQUS/Standard User’s Manual, Version 5.8, 1998.

[8] Donald R. Lesuer, “Experimental investigations of material for Ti-6Al-
4V  titanium and 2024-T3 aluminum”. U.S. Department of
Transportation Federal Aviation Administration Final Report Office of
Auviation Research: Washington, DC 20591.

[9] M.S. ElTobgy, E. Ng, M.A. Elbestawi, Finite element modeling of
erosive wear. International Journal of Machine Tools & Manufacture,
2005; 45, pp. 1337-1346.

[10] T. Ozel, Y. Karpat, Identification of constitutive material model
parameters for high strain rate metal cutting conditions using
evolutionary computational algorithms. Mater. Manuf. Process, 2007;
22 (5-6), pp. 659-667.

[11] Zhang, Y.C., et al., Chip formation in orthogonal cutting considering
interface limiting shear stress and damage evolution based on fracture
energy approach. Finite Elements in Analysis and Design 2011; 47 (7),
pp 850-863.

Dr. Moaz H. Ali was born in Kerbela, Irag, on November
e 30, 1978. Graduated from the Al-Rashid School and he
received a BS in Mechanical Engineering from the Babylon
University.

He completed and received a master's degree in
manufacturing processes from the University of Donetsk
National Technical (DonNTU) Donetsk, Ukraine. He
finished PHD at Universiti Tenaga Nasional (UNITEN) Putra Jaya, Malaysia.
He is a head of the department of computer engineering techniques in the
College AlSafwa University.

Y

Dr. M.N.M. Ansari is a Senior Lecturer in Mechanical

Engineering, College of Engineering, UNITEN. He is a

graduate in Mechanical Engineering and Master’s Degree

holder in Computer Integrated in Manufacturing. He has

obtained his post-graduate diploma in Plastics Engineering

and earned his Ph.D in Polymer Engineering from Universiti
Sains Malaysia. He has 16 years of professional experience with various
capacities which includes, Production/Project Engineer, Lecturer and
consultant. He is a distinguished researcher, scientist and academician with an
industrial background. He has a sound knowledge and experience in CNC
Machines, CAD/CAM and Rapid Prototyping.

2120



