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Computer Aided Process Parameter Selection for

High Speed Machining

|.F.Dagiloke
ABSTRACT

A high speed machining software package has been developed and
experimentally verified. The software package demonstrated the influence

of momentum force on cutting force at very high cutting speed applications.

The software package is interactive and available to explore the viability of

high speed machining.

A theoretical analysis of high speed machining has been synthesised from
published literature. The model has been experimentally verified and proves
without doubt that the principal cutting force and power increases as the

cutting speed increases.

The influence of the cutting speed, feed and rake angle on process
parameters such as metal removal rate, cutting forces, temperatures and

power are discussed.

In all some seventeen input variables are identified connected with cutting
conditions, workpiece and tool geometry, workpiece thermal properties and
mechanical properties. The importance of these input variables to the
software package is discussed in some detail. The software package has
fifty seven output parameters, some of which have been experimentally
verified. The information in this study should assist in providing a foundation
upon which adaptive optimisation strategies for high speed machining may
.be developed by integrating process parameter selection and manufacturing

system element constraints in process planning.

vii
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CHAPTER 1

1.0 INTRODUCTION

This study is concerned with the investigation of high speed machining of
aluminium alloys using the milling process and with the development of
cutting software package capable of predicting the cutting forces, power,
metal removal rate, cutting energies and temperatures at high cutting
speeds. High speed machining (HSM) is one of the emerging cutting
processes that are employed either directly or indirectly in the metal cutting
industry. However, because of the high speeds involved the process requires
a special purpose machine tool, tools, jig and fixtures. Milling is an
intermittent cutting process whereby the primary motion is provided by the
tool and the secondary motion is provided by the workpiece. The primary
motion is rotational and continuous while the secondary motion is normally
linear resulting in variable chip thickness that may be classified into two

types: (i) Peripheral (or plane) milling and (ii) Face (or end) milling.

Defining high speed machining is not an easy task, since the actual cutting
speed that can be achieved depends upon the workpiece material, the type
of cutting operation and the cutting tool used. This has led to several
definitions being suggested in the literature. The most general definition is
the economical utilization of resources and functions to remove mechanically
the greatest amount of material in the shortest time span as suggested by
Chasteen [1]. It is also essential to define the cutting speed quantitatively
leading to the following according to von Turkovich [2]:
(i) Low speed machining (LSM) O - 10 m/s;
(i) High speed machining (HSM) 10 - 30 m/s;
(iii)  Very high speed machining (VHSM) 30 - 300 m/s;
(iv)  Ultra-high speed machining (UHSM) being faster still

(> 300 m/s).



The need to reduce manufacturing costs is an ever present challenge to
industry. Processes are continuously being developed and new processes
introduced to improve productivity and to meet the product specifications.
It is recognised that conventional machining processes cannot always meet
the technology of these new production challenges. Therefore, considerable
interest in high speed machining technology arises due to the possibility that
it can dramatically increase metal removal rates according to Flom et al [3].
For example, in the aerospace industry the wing spars are machined from
expensive forged aluminium billets while the stringers are machined from
milled bars. The final geometry of the spar and the stringer requires up to 90
percent of the original material to be removed. A typical front spar for the
A320 aircraft has to be milled from 1895 kg down to 117 kg and stringer
from 396 kg to 47 kg. Consequently the economics of the process largely
depends on the metal removal rates. The ability to maintain high removal
rates also depends on the ability to control the chips from the machining
area. This implies that applying high speed machining techniques to large

aerospace components is economically very attractive.
1.1 NEED FOR THE RESEARCH

It is well documented by King and Vaughn [4] that as the cutting speed
increases above the conventional speed range, new dynamic effects are
encountered in the cutting process. For example, the basic chip morphology
changes due to the momentum force. Taylor's empirical equations are no
longer valid since they are not velocity dependent as stated by King et al [4].
It has been suggested by Schulz and Moriwaki [5] that this momentum effect
arises when additional energy has to be supplied to accelerate the chip past

the shear zone.

In addition the implementation of high speed machining presents a challenge
since various factors limit the extent to which cutting speeds may be

advantageously increased. These factors include the cutting temperature, the



cutting tool material, the workpiece material, the machine tool design, the
cutting geometry, the cutting power and also after machining the surface

integrity and metallurgical condition of the workpiece.

Given the above considerations, experimental data and a mathematical model
are essential in determining the factors which influence productivity at high
cutting speed. Detailed information on the cutting process is necessary to
improve understanding of high speed machining and enhance the possibility

of the process being accepted by industrialists.

Fundamentally, the purpose of HSM has been based on process economics,
however, a literature review coupled with the study into the manufacture
of large aerospace component suggested that most previously published
investigations have focused on the difference in the cutting mechanism
between high and low speed machining rather than in improving production
economy. Early works [6 - 10] have been directed towards understanding
the deformation of materials at high impact rates based on the theory of
plastic wave propagation established by von Karman et al [11]. More recent
works [3, 12 - 14] have been concerned with studies of cutting mechanisms,
including chip formation mechanics, temperatures and cutting forces

determination.

To-date there has been no significant published work relating to simulation
of the HSM process which includes cutting forces, momentum force, cutting
energies and cutting temperatures. This can be attributed to the fact that the
high speed machining process is a complex manufacturing method to
understand. It involves various input and output parameters linked together

through a multitude of complex internal interactions.



1.2 OBJECTIVES

The aim of the work was to develop a computer based simulation of the
milling process at cutting speeds above 10 m/s using a two dimensional

cutting model and to compare the predictions with experimental results.

The particular objectives may be summarized as follows:

(i) To undertake an analytical and experimental investigation of the
effects of independent cutting parameters such as cutting speed, feed,
rake angle and depth of cut on the cutting process, selection of
machine tools, cutting tools and workpiece materials at high cutting
speeds.

(ii) To develop a computer program based on the above analysis which
includes momentum force and is capable of predicting the milling
process parameters at both low and high cutting speeds.

(iii)  To measure cutting forces and cutting temperatures experimentally at
high speed range.

(iv) To validate the analytical model by comparison with experiment and
to use the results to attempt to overcome some of the manufacturing

engineering community reservations about high speed machining.
1.3 SCOPE OF THE INVESTIGATION

In the present study, a computer based mathematical cutting process model
with an integrated database and experimental work based on a peripheral
milling operation using a cutter with two tips at both low and high speed

machining ranges is proposed, developed and verified.

In developing the proposed software program, several areas of metallurgy
and machining mechanics were explored. As part of this research work,
literature on HSM was reviewed and relevant cutting models related to this

study were compiled and critically analysed. The philosophy adopted was



to create, implement a comprehensive theoretical model, based
mathematically on basic cutting process parameters. Such a model makes
it possible to simply investigate the dependency of each cutting parameter
and its effect within the simulated results. The theoretical formulation and
the program design methodology are discussed in chapter 3 and 4.
Understandably such a model requires experimental validation. This was
achieved by extensively milling aluminium alloy workpieces on a proper high
speed machining system. The test rig used for such a validation obviously
needs to be of the highest qﬁality with excellent data acquisition control over
the independent variables and good repeatability. It must also provide a great
deal of highly detailed data on the cutting process. The equipment used, the

experimental procedures and results analysis are described in chapter six.

In order to establish a broad data base for future use, all the acquired data
for workpiece and too_ling mechanical and thermal properties, cutting
conditions, workpiece geometries, tooling geometries, machine tool
parameters, generated numerical and graphical results data were stored on
a DEC Vax computer system. Also a software package suitable for modelling
orthogonal milling using single point HSM process was designed, developed,

tested and discussed.

The thesis itself is divided into eight chapters. In chapter 2 a comprehensive
review of the published theoretical and experimental work on HSM is
discussed. Conclusions are drawn from the literature survey and its influence
on the research is presented. Chapter 3 discusses the theoretical foundation
for HSM of a peripheral milling operation and the computational analysis
required. Individual parameters required for HSM are discussed, these
include the metal removal rate, power, cutting forces, cutting energy'and
cutting temperature. Chapter 4 discusses numerical modelling and program
design. This includes a structure for numerical modellfng, creation of an input
module database, a physical simulation module, an output module and flow

chart for the simulation program. Chapter 5 discusses the method employed



in the simulation tests and choice of the simulation input variables. Results
from the simulation are discus;sed. Chapter 6 presents the experimental work
and equipment. Chapter 7 discusses the experirﬁental results and
comparison of experimental and simulation results. Finally, in chapter 8,
general conclusions are presented and suggestions are made for further

future work.



CHAPTER 2

LITERATURE REVIEW OF HIGH SPEED MACHINING

2.1 INTRODUCTION

The basic reservations to high speed machining as suggested by Aggarwal

[7] are:

(i)

(ii)

(iii)

(iv)

{v)

the fear of excessive maintenance problems, problems in swarf
control and the basic apprehension associated with fast
machining;

industry's continuing tendency to use low speeds and feeds on
the shop floor;

belief that the major part of the manufacturing cost is in the
material and handling proéess, therefore, HSM cannot possibly
provide significant cost saving;

the controversy over the claim that there is a reduction in
cutting forces and temperature at high cutting speed;
uncertainty about how to select optimum cutting parameters

and machine tool specifications for high speed machining.

The first stage of the research was aimed at addressing these issues.

Numerous high speed machining studies have been reported in the literature

covering a variety of work materials including steels, cast iron, lead,

aluminium alloys and titanium. The tool materials used in previous studies

included carbon steels, high speed tool steels, carbides and oxide, whilst the

cutting speeds ranged from 0.08 to 1217 m/s (5 to 73,000 m/min)

according to Flom et al [3].

HSM requires a knowledge of a wide area of engineering including machine

tool design, spindle design, cutting tool design, feed control, software



applications and cutting process parameters. It would be difficult to combine
the study of all these topics and use it to draw conclusions regarding HSM
capabilities and suitability as an alternative manufacturing process compared
to conventional low speed machining. Therefore, the review will be restricted
to cutting process analysis with special attention to two topics, namely:
experimental investigations and analytical models that can be used to
describe the geometry of the metal cutting process. It is believed that the
background for the current research undertaken can be developed by

focusing attention on these two topics.
2.2 EXPERIMENTAL INVESTIGATIONS

Arndt [9] suggested that the origin of the interest in HSM was based on the
findings of Salomon in 1931, who proposed that metal rémoval rates
increase with cutting speeds depending on particular conditions such as:

- tool life,

- adequate power,

- machining systems which are rigid enough

not to cause vibrations.

Arndt [9] stated in Salomon's study of high-speed milling of copper, bronze
and aluminium at speeds up to 25.4 m/s (1524 m/min), concentrating on
temperature measurement using a tool-chip thermocouple technique that the
tool temperature increased with speed, reaching a peak, close to the melting
temperature of the workpiece material and then decreased rapidly at very
high speeds. It was concluded that better machining features can be
obtained at very high cutting speeds. For machining steel and cast iron, it
was predicted that the cutting temperatures should drop off at machining
speeds over 752 m/s (45,110 m/min) for steel and 650 m/s (39,014 m/min)
for cast iron. It was further concluded that a critical cutting speed éxists for
each material at which the temperature reaches a maximum and beyond

which the cutting temperature falls rapidly to a low value. While this



hypothesis is informative, none of these predictions were substantiated in

the literature according to Arndt [9], Wright and Bagchi [54].

No significant work on HSM was reported until von Karman [11] made a
study of the stress waves arising from a longitudinal impact at the end of a
cylindrical bar. It was shown that at high impact speeds metals undergo a
small amount of plastic deformation. It was suggested that a critical velocity
may exist beyond which all materials fail with negligible stress and that the
concept of plastic strain propagation may bring about a better understanding
of some anomalies encountered in HSM. It is apparent from these
observations that metals experience a transition between shear deformation
modes when the strain rate exceeds a critical value after which the shear
stress begins to decrease rapidly. It appears that the idea of a reduction in
cutting forces and temperatures as the cutting speed increases was based

on this resulit.

Schmidt [16] reported the results of high speed milling tests up to 75 m/s
(4500 m/min) on SAE 4340 steel hardened to 500 BHN and SAE 1020
hardened to 180 BHN using carbide and high speed tools. A decrease in
metal removal rate was claimed as the cutting speed increased from 5 m/s
(300 m/min) to 50 m/s {3000 m/min) and also that the tool-chip interface
temperature increased. These findings are in total contradiction to Salomon’'s
work as reported by Arndt [9]. Schmidt's results are not conclusive because
the results were affected by rapid tool wear and critical tool deflection was
experienced during the experiments. This might explain why reductions in

metal removal rates were observed as the cutting speed increased.

By 1958, it had become apparent that high temperature and high tool wear
were the major obstacles to using high machining speeds. This was
manifested in the experimental work conducted by Siekmann [17] at cutting
speeds up to 92 m/s (5,500 m/min) on AISI 1045 steel hardened to 180

BHN using alumina ceramic tools and cemented tungsten carbide tools. The



rate of tool wear was found to be extremely high at high speed. A 0.6
minute tool life was obtained at 92 m/s based on a 0.3 mm flank wear
criterion. Due to high tool wear rate these experiments were limited. A more
precise conclusion could not be given other than to confirm the problem

posed by high temperature and tool wear at high cutting speeds.

In 1965 Tanaka and Kitano [18] conducted high speed machining tests up
to 127 m/s (7,600 m/min) on mild steel and on an aluminium alloy using an
ultra high-precision lathe with carbide and oxide tools. Both the carbide and
oxide tools were found to wear extremely rapidly. However, it was found
that the ceramic tools wore at a slightly lower rate. In 1966 similar resuits
were reported at even lower speeds of 30 m/s (1,800 m/min) by Okushima
et al [19]. Okushima et al found the tool life to be affected by the high
cutting témperatures and the vibrations of the machine tools. The results
reported here and those of Siekmann [17] make it clear that there is no

evidence for a reduction in cutting temperatures at higher cutting speed.

In 1972 Arndt and Brown [20] published results taken from an experimental
ballistic machining facility that could machine at speeds from 150 to 2433
m/s (9,000 to 146,000 m/min). Their aim was to use the upper speed to
investigate whether or not metals exhibit brittle behaviour in high speed
machining, that is, at speeds exceeding the elastic wave propagation
velocity. Most of the tests were conducted on aluminium, however, a few
were conducted on steel and lead materials. It was reported that most of the
tests resulted in severely chipped cutting edges while some led to complete
fracture of the tool, especially at higher cutting speeds. The chipping of the
tools at high cutting speeds were attributed to impact loading of the tool and
the momentum force that is concentrated at the tool tip. Arndt and Brown
determined the cutting ratio {r.) for each test by dividing the depth-of-cut by

the maximum measured chip thickness. The shear angle was then
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determined from the orthogonal cutting relationship as shown in equation:

4 cos «a ‘
- e i e st e e e e 2.
(] arctan i/ o) -sina 3 (2.1)

Knowing the shear angle and using figure 2.1, it was possible to calculate
the momentum force F_, and its components parallel and normal to the
cutting direction. The change in momentum caused by the transformation of

uncut chip material into the chip gives rise to the momentum force which

was derived as :
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Fig. 2.1: Momentum force and its components after Arndt [20]

The reported result Shows that the cutting ratio, shear angle, momentum and
other cutting forces increase with an increase in cutting speeds. They
suggested that the influence of this momentum force is insignificant
cofnpared to the shear force and other cutting forces at conventional low
speed machining. However, at high cutting speeds its value may become

significantly high since it varies with the square of the cutting speed.

Although Arndt and Brown's [20] work demonstrated that the cutting forces

increase with an increase in cutting speed and gave an insight to the
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influence of the momentum force in HSM, however, the authors did not
comment on the tool flank and rake face wear except a mention of the dark

discoloration observed at the rake face and light discoloration at the flank.

Chaplin [21] reported that the side load on a carbide end mill cutting
aluminium was reduced as the cutting speed was increased. For the same
chip load and depth of cut, the side load was reduced by 70 percent when
the spindle speed was increased from 67 to 333 rev/s (4,000 to 20,000
rev/min) during roughing operations, thus enabling milling of thinner sections
with deeper cuts and closer tolerance than were previously considered
possible. Further findings were that the surface texture obtained was better
than with conventional machining. The metal removal rates when machining
aluminium was approximately doubled compared to conventional rates.
These findings proved that significant savings can be made by using HSM
as compared to conventional low speed machining and contradicted the
findings of Schmidt [16]. However, the reported results lacked details on
how to establish optimum cutting conditions for high speed machining and

an implementation procedure for the shopfioor.

Komanduri et al [22] conducted experiments on an AlSI 4340 steel hardened
to 325 BHN at various speeds up to 41.7 m/s (2,500 m/min). Longitudinal
midsection of the chips was examined metallurgically to determine the
differences in the chip formation characteristics at various speeds. Shear-
localized chips were observed at all cutting speeds above 4.6 m/s (275
m/min). At cutting speeds higher than 16.7 m/s (1000 m/min) the segments
were found to separate completely due to extensive shear in the primary
shear zone; at lower speeds they were held intact. Finally, the speed at
which catastrophic shear was found to completely develop and the speed at
which individual segments were found to separate completely by intense
shear were found to depend on the hardness of the material used. The
results of this experiment were useful in that it gave an insight into chip

formation at high cutting speeds. However, nothing was reported on the
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temperatures, tool wear or cutting forces.

Nieminen et at [23] conducted an experimental milling of polymer-matrix
composites such as carbon and glass fibre by using advanced carbide and
diamond tools. Flank wear resulti‘ng from the abrasive wear mechanism was
reported as the dominant wear form of the cemented carbide tools when
graphite was milled. There was no report of any crater wear on the rake face
of the tools. When the ball-nose end mills were used in the milling of the tool
steel, it was reported that the tool materials used display an excellent wear
resistance and the surface texture of the workpiece was good. This result
justified the use of HSM over conventional machining for achieving better
surface finish, although, nothing was reported on the power consumption of

the machine tool.
2.3 ANALYTICAL MODELS INVESTIGATION

Analytical modelling has been conducted of the chip formation process in
HSM [2, 24 - 28]. The theoretical and metallurgical features of chip
formation have been organised into four areas. The main features are: (i)
chip geometry and morphology, (ii) kinematics, (iii)) deformation zones, and
(iv) cutting forces. The theory applies both to continuous and segmental

(discontinuous) types of chips.

The earliest model of the orthogonal metal cutting process which applied to
both conventional and high speed machining was developed by Merchant
[24]. Part of this work was the derivation of shear angle based on the
principle of minimum energy. Critical analysis of this theory indicates that the
effects of cutting speeds and cutting energy which are crucial in HSM has
not been taken into consideration and thus makes its application to HSM

ineffective.

Recht [29] conducted an ultra high-speed machining feasibility study. Recht
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theoretically analyzed the variation of tool-chip interface temperature as a
function of speed. Recht suggested that since the heat generation at the
tool-chip interface must be conducted into the chip, an increase in cutting
velocity would mean an increase in heat conducted away with the chip
during unit time. As a result, the tool-chip interface temperature should rise
very rapidly with cutting velocity and should approach the melting point of
the workpiece material. This theory is however limited in scope since no
attempt was made to address the influence of the cutting speed on the
cutting forces especially the momentum (inertia) effect and the surface

integrity of the machined workpiece.

Fenton et al [30] used strain-rate dependent machining theory to predict the
cutting forces for a low carbon mild steel for cutting speeds in the range 0.5
to 50.8 m/s (30 to 3048 m/min). In this study the workpiece material flow

stress characteristics were expressed in the form:

O O o (2.3)

where o, and E,; are the effective stress and effective strain respectively
and the "constant” o, and n are strain-rate dependent. Values of o, and n
were obtained from tensile tests and machining tests for strains in the range
10°® to 10° per second were used in the calculations, however, for the very
high cutting speeds (strain-rate greater than 10° per second) these results
were extrapolated. The forces calculated in this way showed that the force
in the direction of cutting reduces up to approximately 5.08 m/s (305 m/min)
and then started to increase as the speed is further increased to 50.8 m/s
(3048 m/min). In view of the author's use of extrapolated stress-strain data
at very high cutting speeds the results from this study must be treated with
some caution particularly in regard to the reduction of cutting forces with an

increase in the cutting speed.

Tanaka et al [31] studied high speed cutting of mild steel, brass and
aluminium in the speed range of 16.7 to 133 m/s {1000 to 8000 m/min). The
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authors investigated the influence of high cutting speed on chip formation,
shear angle, shear stress and cutting forces. It was reported that the cutting
deformation behaviour is significantly influenced by the temperature gradient
in the shear zone and at the tool-chip interface. A further finding was that
with increase in cutting speed, the shear angle increases and that the
specific cutting force and shear energy remain constant irrespective of
cutting speed. These results were not surprising because the influence of the
momentum at high cutting speed were not taken into consideration. Also the
theory was deficient in that it took no account of the temperature rise in

cutting and its influence on flow stress.

Matthew et al [15] predicted the effect of very high cutting speeds up to
100 m/s (6000 m/min) on cutting forces, temperatures and stresses based
on plane strain orthogonal machining under steady state conditions. Unlike
the results of Fenton et al [30], these results indicated that the cutting
forces will keep reducing with increase in speed up to the maximum speed
{100 m/s) considered. The reason given was that the increase in temperature
at the tool-chip interface with increase in speed is sufficiently large
compared with the increase in strain rate for velocity modified temperature
at the interface to keep increasing, thus in effect reducing the chip thickness
and the principal cutting force. The reported results are very questionable
because the material properties were extrapolated and the effect of inertia

forces that take place at high cutting speed was ignored.

Recht [13] developed for HSM force diagrams and a model of energy
balances that treats the chips as a free body for continuous chip formation
in high speed machining. This model properly considers the effect of chip
momentum change. This analysis showed that Merchant's [24] equation

(fp = 90 -1 + a )/ 2) which describes for conventional machining the
relationship between rake angle , shear angle and friction angle applies also
to high speed continuous chip formation process. The reported results gave

insight into the effect of workpiece material properties and also accounted
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for the momentum force effects at high cutting speed. However, Recht's
suggestion that Merchant's model for conventional machining applies to
HSM as well is surprising when it has been suggested by King et al [4] that

Merchant's model is independent of cutting speed.

An analytical model developed by von Turkovich [2] relates the onset of
shear localization to cutting speed through the effect of the latter on strain
rate. This analysis led to the formulation of a stability principle based on the
properties of the stress-strain-rate surface under adiabatic deformation
conditions. The author demonstrated that the model can be used to identify
a speed at which the chip formation mechanism becomes unstable and chip
segmentation begins. By comparing theoretical results with limited
experimental data, it was concluded that chip formation is not a main
problem in hsm. However, tool wear posed a severe restriction on cutting
mechanism investigation. Further conclusion from the study was that the
cutting forces, chip geometry and deformation process in the shear zone
were not substantially changed by a large increase of the cutting speed up
to the speed of the order of 333 m/s. The reported results were useful in
that it provides techniques of using the energy balance equation to analyse
the influence of very high cutting speed on chip formation in hsm. However,
the level of accuracy of these results was questionable because strain rates
higher than 10° per second which are central to cutting forces and

temperature calculation were based on approximate estimates.

Sedgwick, [32] employed a two-dimensional finite difference computer
program to model the high speed machining process. This is an explicit
version of a Hydrodynamic Elastic-Plastic continuum mechanics program.
The program solves the basic equations of continuum mechanics throughout
a fixed mesh to obtain .the deviatoric stress components, pressure, mass
density, material velocity components and internal energy as functions of
space and time. The material model includes an equation-of-state which

gives the pressure as a function of mass density and internal energy, an
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elastic-plastic constitutive relation and a material failure model. The reported
results showed the configuration of the chip during its formation process,
the material velocity fields, the mass density distribution and the total stress
distribution. This model only applies to continuous chip formation and it is

only effective at lower machining speed calculations.

From the literature study three important issues arise as follows:

(i) Some work has been undertaken to establish
the difference between HSM and LSM.

(ii) As yet a numerical algorithm allowing the HSM
cutting process parameters to be predicted and verified by
reliable experimental data has not been developed.

(iii) It is apparent that a practical solution to predicting high speed

‘ cutting process parameters can only be acquired by the

inclusion of momentum effect in the analysis.

Hence, from the above expositions it becomes evident that many unresolved
questions still exist in the field of HSM. There is a clear need for further
research into generic computer cutting models verified by experimental data
that describes the hsm processes, which can be related to milling operations
regardless of workpiece materials. This would provide a powerful tool to
assess the economic justifications, safety aspects and implementation

implications of HSM technology for manufacturing process engineers to use.

Apart from the theoretical interest in explaining the complicated phenomena
that arise in high speed machining, there is a wide range of important
applications of the computer aided process parameters selection software
package proposed in this study; such as selecting optimum cutting
parameters, spindle and machine tool requirements which will heip to reduce

setup time, tape proving time and production costs significantly.

The direction of research needed for the advancement of knowledge in the
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field of high speed machining lies in the development of more refined
analytical models. The models should not represent just one aspect of
cutting process determination as have been the case in all previous works
but should synthesise elements of the cutting process including cutting
conditions, forces, temperatures and power. Through the use of these

models the cutting process may be more accurately represented.
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CHAPTER 3
3.0 THEORY

3.1 INTRODUCTION

The power consumed in metal cutting is largely converted into heat near the
cutting edge of the tool and many of the economic and technical problems
of machining are caused directly or indirectly by this heating action. The cost
of machining is very strongly dependent on the rate of metal removal and
may be reduced by increasing the cutting speed and/or the feed rate.
However, there are limits to the speed and feed above which the life of the
tool is shortened excessively. The limitations imposed by cutting speeds
have been the spur to both the research community and industry in the last

70 years to find the optimum cutting 