1.Introduction

In metal cutting as in any business undertaking, the focus lies on performing the work at
hand as cost efficiently as possible. A further factor that must be kept in mind is the
environmental impact that cutting fluids have. Environmental issues play an ever-
increasing role in decisions affecting process development and applications of
technology. Limited volume lubrication for metal cutting is able to aptly address both
issues.

Very little lubricant is used and this greatly reduces the probability for skin contact by
human operators, makes chip recovery easier than when conventional flood lubrication is
used and decreases the possibility that the cutting fluid will tarnish the finished work-
piece surface, while disposal and maintenance of used cutting fluid are not an issue.
Limited volume lubrication is applied as a jet of fine mist and as a result the fine droplets
have more kinetic energy than an adhered layer of conventional flood applied lubricant
and thereby can displace the adhered layer on the metal surface more rapidly, providing a
fresh layer of cutting fluid. Conductive and convective cooling of the cutting process are
enhanced thereby.

In this study aluminium was cut using a shaper, a tungsten carbide tool and limited
volume lubrication. A shaper is representative of an intermittent cutting process. All
cutting process parameters were kept constant, except for the chemical composition of
the cutting fluid that was used.

The aim of the investigation was to determine the effect that different cutting fluid
chemistries have on intermittent cutting using limited volume lubrication as this has
significant benefits to offer both in terms of cutting performance and in terms of
environmental issues. The ultimate goal of the project was to develop a practical in-house
test and to establish a methodology to identify and measure the parameters that should be
measured in order to quantify the performance of cutting fluids used in limited volume
lubrication.

To evaluate the various cutting fluids a variety of cutting process parameters were

measured using a computer and relevant instrumentation. These included:

- the average tool/work-piece interface temperature, measured by means of a
thermocouple that is formed by the dissimilar metals of the tool bit and the work-
piece itself,

- the temperature at which the built-up edge forms
- the temperature at the one quarter mark of the length of cut
- determination of the distance cut until formation of the built-up edge

- the cutting force by means of a strain gauge on the tool bit,

as well as several physical measurements of the chips formed in each cut, namely:

- the averages of the smooth distance on the underside of the chip,

- the chip thickness ratio,

- the length to first break,

- the chip shear strain,
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- the shear plane angle,

- the chip hardness profile in the non built-up edge region of the cut,

- the approximate flow-zone thickness up against the rake face of the tool,
- the ease of metal deformation

- the chip shape (the chip radius in particular)

- and the surface finish on the work-piece.

When a built-up edge is not present, as is the case when higher cutting speeds are used,
the welded zone should be smaller for a cutting fluid that has superior anti-weld
properties and consequently the cutting force and the cutting temperature should be lower
than for a cutting fluid that has lesser anti-weld properties. Better anti-weld properties
should allow improved tool life and reduced operating costs as well as decrease the
down-time as toolbits will have to be changed less often. At lower speeds the length that
is cut prior to formation of the built-up edge in combination with the temperature at
which the built-up edge forms should also give an indication of the anti-weld properties
of the cutting fluid. A cutting fluid of superior anti-weld properties should show a longer
smooth fraction on the underside of the chip and possibly a longer length cut to first
break of the chip. If a cutting fluid is able to facilitate ease of chip flow then the chip
should undergo less strain hardening despite possibly incurrring a high strain, i.e. the chip
should be softer for the same amount of metal deformation than for a cutting fluid that
does not facilitate ease of chip flow so well. If a cutting fluid can produce a chip that is
softer than for other cutting fluids for the same cutting conditions then that cutting fluid
can possibly increase the tool life. The cutting force and temperature should serve well to
establish which measurements and physical characteristics of the chip produce the best
reflection of the success of the cutting process.

The intent is also to use the shaper as a bench test for the evaluation of cutting fluids for
metal cutting other than aluminium. To determine the success of the laboratory bench test
and how well the predictions from the acquired data correlate with practice requires data
from industrial applications.

It is envisaged that from research it might become possible to establish a guideline of
parameters that should preferably be looked at in the laboratory for the development of
cutting fluids before they are tested industrially. In the past and even now, cutting fluids
are chosen and developed by trial and error. This involves a vast amount of empirical
testing. The physical and chemical characteristics of lubricants and coolants may be
changed and tests may be performed to determine which characteristics are desirable for
a specific machining operation. Results obtained in laboratory tests sometimes do not
correlate well with practice. The question is: how can laboratory tests be performed so as
to achieve results that will correlate well with practice?

In this work the theoretical subject matter is divided into six parts. An overview of metal
cutting is presented first. A comprehensive background is given with respect to the
mechanical aspects of metal cutting, so as to provide the necessary background for
meaningful interpretation of the experimental results, and for future developments.
Without this background the experimental planning and interpretation of results would



not be possible. Thereafter issues pertaining to the chip, such as how and where it forms
and the flow patterns of the metal deformation that may be observed in the chip after it
has been etched are presented. The parameters that are important to measure and how
they can be measured during metal cutting are discussed next. They are cutting force and
temperature. The emphasis of this study is on the cutting fluids, hence they are the
parameter that changes from one test to the next and more attention is paid to the cutting
fluids and their effects than to the metallurgy involved in metal cutting. The reduction of
metal to metal affinity is important because this becomes manifest as anti-weld capability
leading to reduced cutting temperatures and reduced tool wear when cutting with
different cutting fluids. In chapter 6 the machinability of aluminium is discussed. Then
the experimental apparatus and experiments conducted are described. This is followed by
the results and the discussion of the results obtained, after which some conclusions and
recommendations are made.
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of the chip meaning that there is no clear-cut distinction between the flow-zone and
the chip or the work-piece. There is a flow pattern seen as a metal deformation pattern
in the work material around the cutting edge and across the tool faces in the chip. The
thickness and the pattern of the flow-zone is characteristic of the metal being cut and of
the conditions during cutting. Different cutting fluids also affect the thickness of the
flow-zone. The amount of strain and the degree of work hardening in the chip can vary
greatly, depending on the material being cut, the tool geometry, and the cutting
conditions, including whether a lubricant is used or not, and if a lubricant is used : the
type of lubricant that is used. This is intended to be one of the focus areas of this study:
ie.

i) what can and does the lubricant do for metal cutting and

i) how can the chemistry involved contribute positively to the cutting process

The built-up edge (BUE)

The built-up edge is a condition of seizure that gives rise to one of the major types of chip
formation. When cutting metal, hardened work material adheres around the cutting edge
and along the rake face. It accumulates to displace the chip from immediate direct contact
with the tool as shown in figure 2.12. :

The built-up edge occurs frequently in industrial cutting and can be formed with either a
continuous or a discontinuous chip as is the case with cutting steel and cast iron
respectively.

The built up edge is not a separate body of metal during the cutting operation. It can be
depicted as shown in figure 2.13 as the region that is shaded with a grey metal grain
texture. It 1s welded to the tool surface. The maximum heat region is now somewhat
removed from the tool surface as the flow-zone is in the chip very close to the interface
between the built-up edge and the chip.

The built-up edge is between A and B and is continuous with the work material and the
tool because there is seizure between the work material and the tool. The flow zone has
been moved to the top of the built-up edge and is no longer on the too! surface. The new
work surface is forming at A and the under surface of the chip is forming at B. The built-
up edge is dynamic and is constructed of successive layers which are greatly hardened
under extreme strain conditions. The size of the built-up edge cannot increase
indefinitely. There comes a point when the shear stresses increase so much that part of
the built-up edge is sheared off and carried away on the work surface or on the underside
of the chip. In some cases the stress on the built-up edge becomes such that the whole
build-up is sheared from the tool surface. After that the formation of a new built-up edge
starts. The built-up edge is undesirable, because if it is sheared off and passes on the
underside of the tool, it causes surface defects such as tears, smears and deposits on the
worked material and it contributes to tool wear.
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