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ABSTRACT - This work summarizes the effect of edge round preparation for three types

of ceramic cutting tool materials (Al2O3/ZrO2, Al2O3/ TiC, Si3N4/Y2O3) upon cutting forces

and stress distribution on the cutting tool in orthogonal cutting as determined with Finite

Element Method simulations.

The results obtained from this study provide a fundamental understanding of the

process mechanics for cutting with realistic cutting tool edges and may assist in the

optimization of tool edge design. These results compare with other previously published

papers and showed a good agreement.

It is also proved, that for every cutting condition and tool material, there is an

optimum geometry. The material of ceramic cutting tools proved, that it has been good in

performance comparing with other previously published papers.
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1. INTRODUCTION

Machining efficiency is improved by reducing machining time with high speed

machining. When cutting ferrous and hard to machine materials such as steels, cast iron and

alloys, the chemical stability of the tool material limit the cutting speed. Therefore, it is

necessary for tool materials to possess good in high temperature and mechanical properties

and sufficient inertness. While many ceramic materials such as AL2O3 or Al2O3/ZrO2,

Al2O3/TiC, Si3N4/Y2O3 possess high temperature strength, they have lower fracture toughness

than that of conventional tool materials such as high-speed steels and cemented tungsten
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carbides. The machining of hard and chemically reactive materials at higher speeds is

improved by ceramic tool materials. Ceramic tool are resistance to abrasive wear and

cratering(1).

Moving up the hardness scale, ceramic provide increasing competition for cemented

carbides both in performance and in cost effectiveness, though not yet in reliability .hard

metals themselves consist of ceramic-nonmetallic refractory compounds, usually

carbonitrides-with a metallic binder of much lower melting point. Ceramic that competes

directly with hard metals, mainly in the cutting tool category (2).

Many researchers have been focusing to study the effect of cutting edge geometry

because it has long been an issue in understanding metal cutting (3). Edge hones are commonly

used as an edge preparation in many operation, like interrupted cutting, machining of hard

materials etc., where increased edge strength is desired (4). According to recent studies, it is

evident that the effect of edge hones geometry on surface quality and surface residual stresses
(5, 6, and 7), cutting force and stresses (8-15).

In recent years, finite element analysis has become the main tool for simulating metal

cutting processes. Therefore this research is focused or developed a finite element model to

study the effect of cutting edge hone on the ceramic cutting tool performance.

2. MODEL GEOMETRY

In this work the Finite Element Model with boundary conditions and mesh is built by

using program ANSYS are presented in Fig. (1) which is a general orthogonal cutting model.

The length of the work piece (L0) is assumed to be (30) mm. While the height of workpiece

(h0) is assumed to be (10) mm. the depth of cut is (0.5) mm.

The cutting tool was modeled with positive rake angle (α) to be constant and equal to

(7°) and the clearance angle (γ) is assumed to be (50).Four models of cutting tools for three

types of ceramic materials have been suggested having edge radius of (0.1, 0.2, 0.3, and

0.4mm). Modeling geometry and dimension is done using the Cartesian coordinate, with

element type VISCO108 for workpiece and chip. This element is used for 2-D modeling of

solid structures, and defined by eight nodes having up to three degrees of freedom at each

node: translations in the nodal x, y, and z directions. While the element type of tool is PLANE

42 which is used for 2-D modeling of solid structures. This element can be used as a plane

element (plane stress or plane strain), and is defined by four nodes having two degrees of

freedom at each node: translations in the nodal x and y directions. The type of contact models
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is surface to surface contact and the behavior of material properties is described as nonlinear

and isotropic. The coefficients of friction between chip and tool and between chip and

workpiece was assumed to be constant (µ=0.5).

The workpiece is fixed in all direction, and the tool is allowed to move towards the

workpiece. The tool is considered to be rigid and moving at a constant cutting speed (Vc) in

negative x direction. For the present model, the cutting speed is assumed to be constant (150)

m/min. Constraints were placed on the tool allowing movement only in the x direction. The

cutting conditions are reported in table (1).

To simulate the chip separation, the workpiece is tied with chip segment by constant

force in negative y direction. The material used for the workpiece is AISI 1006 steel, whose

mechanical properties are shown in table (2) (16).

Three types of ceramic cutting tools used for this work (Alumina/Zirconium,

Alumina/Titanium, Silicon Nitride) whose mechanical properties are shown in table (3)(2).

Fig. (2). show the path for separating the chip from the workpiece and the simulation tool

advance through the workpiece in steady state condition.

3. RESULTS AND DISCUSSION

3.1. Effect of The Cutting Edge Radius on The Von Mises Stresses Distribution at The Tool

Rake Face

Figs. (3, 4, and 5) shows the contour of Von Mises stresses distributions (σ) along the

rake face for three types of ceramic cutting tools materials (AL2O3/ZrO2 , AL2O3/Tic,

Si3N4/Y2O3) cutting tool materials respectively using four models with different cutting

edges radius (0.1,0.2, 0.3, and 0.4mm). Stress contours may be defined as an area of two

boundaries; these boundaries have a maximum and minimum stress. Also it can be seen from

Figs.(6-A, B, and C) the relation between Von Mises stress for the three types of cutting tool

materials and distance along rake face of the cutting edge using different edge radii

The Von Mises stresses were found to be maximum near the cutting edge due to the

effect of sticking friction that affects the behaviors of contacting area resulting in high values

of Von Mises stresses at this region. The optimum state for the (AL2O3/ZrO2) cutting tool

materials form the four models is (0.4µm), where it minimized the Von Mises stress to reach

the value of (2350 MPa). While the optimum state for the (AL2O3/Tic) cutting tool form the

four models is (0.3µm ) where it minimized the Von Mises stress to reach the value of

(1610MPa ) MPa, and the optimum state for the (Si3N4/Y2O3) cutting tool is (0.3µm  ), where
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it minimized the Von Mises stress to reach the value of (2420MPa ).

It is clear also from the Fig. (7) shows that the maximum values for the Von Mises

stresses (σ) nearly decrease with increasing cutting edge radius. These may be due to the

lower contact area between the sliding surface as well as, the total pressure on the tool. These

results agree with the experimental and numerical results of the study (8-13). The optimum state

when using AL2O3/Tic cutting tool material this give minimum stress value on the tool tip.

3.2. Effect of The Cutting Edge Radius on The Cutting Forces:

Fig. (8) show the predicted cutting force (Fc and Ft) with the difference cutting edge

radius and different ceramic cutting tools materials. The results showed that both force

components increase as the edge radius increase. Apparently, this is due to the increasing

bluntness of the cutting edge, which requires larger forces for material shearing. In addition,

the reduced shear angle and increased chip thickness lead to a larger shear plane in the

deformation zone, which increases the cutting forces. On the other hand, the increased contact

area around the tool tip and the ploughing force, due to the large edge radius, results in the

increase of the specific cutting energy as well as cutting forces. The optimum type of tool

material that gives maximum cutting forces is Si3N4/Y2O3 A comparison was made between

predicted, experimental and simulated results from previous papers (12-15), showed good

results.

CONCLUSIONS

With the FEM cutting simulation, it is possible to estimate the values of process

variables that are not measurable or very difficult to measure by experiment, such as contact

stresses on the rake face and flank face of the tool. This method provides a better

understanding of the cutting physics and may enable the implementation of a systematic

process optimization.

The effect of various tool edge radii on the stresses and cutting forces on the tool for

three types of ceramic materials is analyzed by using FEM cutting simulation and presented in

this work. The optimum tool material that gives minimum stresses on the rake face is

AL2O3/Tic when edge radius equal to (0.3µm). While the optimum type of tool material that

gives maximum cutting forces is Si3N4/Y2O3. These results showed that for each material,

there is optimum tool geometry and the material of ceramic cutting tools proved, that it has

been good in performance comparing with other previously published papers (12-15).
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Fig. (1): Representation of initial geometry with boundary conditions and mesh for the model

used in simulated tests .

Fig. (2): the simulation tool advance through the work piece in steady state condition
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Table (2): Mechanical and thermal properties of AISI 1006 STEEL (16).

Fig. (3): the contour of Von Mises stresses distributions along rake face with different edge

radius for AL2O3/ZrO2 tool.

r=o.1mm                                              r=0.2mm

r=0.3mm                       r=0.4mm

Density (  ) 7850 kg/m3

Young modulus ( E ) 220 Gpa

Poisson’s ratio ( ) 0.30

Shear modulus ( G ) 82 Gpa

Yield stress ( y   )
350 Mpa

Room temperature (T0 ) 25 C0

Bullx modulus ( K) 165 Gpa

Specific heat capacity (cp) 4500 J/kg C0



FINITE ELEMENT ANALYSIS OF THE INFLUENCE OF EDGE ROUNDNESS ON THE STRESSES
AND  CUTTING FORCES FOR CERAMIC CUTTING TOOLS

Diyala Journal of Engineering Sciences, Vol. 02, No. 01, June 2009

٧

Fig. (4):  the contour of Von Mises stresses distributions along rake face with different edge

radius for AL2O3/Tic tool.

Fig. (5):  the contour of Von Mises stresses distributions along rake face with different edge radius for

Si3N4/Y2O3 tool.

r=o.1mm                                              r=0.2mm

r=0.3mm                                             r=0.4mm

r=o.1mm                                              r=0.2mm

r=0.3mm    r=0.4mm
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Fig. (6A, B, and C): distribution of Von Mises stress along rake face for three types of

ceramic cutting tool materials.
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Fig. (7): the relation between maximum stress on the cutting tool and edge radius for different

materials of ceramic cutting tools.

                         A                                                          B

0.0 0.2 0.4 0.6 0.8

Distance from the tool tip along rake face (mm)

0

500

1000

1500

2000

2500

Ef
fe

ct
iv

es
tr

es
sa

tt
oo

lr
ak

ef
ac

e(
M

Pa
) AL2O3/Tic

r=0.1 mm

r=0.2 mm

r=0.3 mm

r=0.4 mm

0.0 0.2 0.4 0.6 0.8

Distance from the tool tip along rake face (mm)

0

1000

2000

3000

Ef
fe

ct
iv

e
st

re
ss

at
to

ol
ra

ke
fa

ce
(M

Pa
)

AL2O3/ZrO2

r=0.1 mm

r=0.2 mm

r=0.3 mm

r=0.4 mm

                            C

0.0 0.2 0.4 0.6 0.8
Distance from the tool tip along rake face(mm)

0

1000

2000

3000

Ef
fec

tiv
es

tre
ss

at
rak

ef
ace

(M
Pa

)

Si3N4/Y2O3

r=0.1 mm

r=0.2 mm

r=0.3 mm

r=0.4 mm



FINITE ELEMENT ANALYSIS OF THE INFLUENCE OF EDGE ROUNDNESS ON THE STRESSES
AND  CUTTING FORCES FOR CERAMIC CUTTING TOOLS

Diyala Journal of Engineering Sciences, Vol. 02, No. 01, June 2009

٩

Fig. (8): the relation between cutting forces and edge radius for different materials of ceramic

cutting tools.

NOMENCLATURE

Symbol  Definition

a Undeformed chip thickness or depth of cut (mm).

E Young modulus (Gpa).

r Tool edge radius or round edge (mm).

To Room temperature (oC).

Vc Cutting speed (m/min).

 Poisson's ratio.

μ Static coefficient of friction.

 Density of work material (kg/m3).

α Rake angle (deg).

γ Clearance angle (deg).

y Yield stress (MPa).

 Von Mises stress (MPa).

Fc Tangential cutting force(N)

Ft Thrust cutting force (N)
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استخدام طریقة العناصر المحددة لدراسة تأثیر تقوس حافة القطع على اجهادات وقوى 
القطع لعدة القطع السیرامیكیة

الخلاصة

فــي هــذا البحــث تــم التركیــز علــى دراســة تــأثیر نــصف قطــر تقــوس حافــة الحــد القــاطع لــثلاث مــواد مــن عــدد القطــع 

٠كذلك على شكل وتوزیع الاجهادات على وجه العدة بأستخدام تقنیة العناصر المحـددة، توزیع قوى القطع السیرامیكیة على

لتـصمیم حافـة العـدة الأمثـلتحدیـد الاختیـار أمكـنلقطـع كـذلك عملیـة اإدراكزیـادة فـي أعطـتوقد تم الحصول علـى نتـائج  

كــذلك تبــین ان  لكــل ظــرف قطــع  . النتــائج توافقــا واضــحا عنــد مقارنتهــا مــع بحــوث   منــشورة مــسبقا فــي هــذا المجــالوأظهـرت

ة فـي تـصمیم عـدد للمـواد الـسیرامیكیإنكمـا تبـین ،ولكل مادة من مواد عدد القطع یوجد تصمیم امثل لعدة القطع المـستخدمة 

. القطع لها الاداء الامثل في عملیة القطع

سهى كریم شهاب
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