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Introduction

High speed machining not
only saves manufacturing
time and obviates certain
finishing steps, but it also
helps to produce parts
with higher strength. The
need to machine parts
faster has lead to the use
of higher machining speeds,
as well as a need to 
understand the impact of
the resultant stresses on
mechanical part surfaces.

High speed machining is routinely
used in many manufacturing 
environments, including the auto-
motive and avionics industries. In
these fields there is a strong and
increasing interest in understand-
ing the cutting process and in
optimizing the coupling between
cutting tool and machined material.
Characterizing the surfaces of
tools before and after machining
provides data that can lead to
even higher speeds and longer
cutting tool life.

Optical Profiler Analysis of Cutting Tool Wear During 
High Speed Machining

Figure 1
Evolution of crater topography under varying cutting conditions. Crater depth 
and roughness evolve as speed increases. Severe damage can be observed at
higher speeds.

Numerous instruments and soft-
ware simulation packages have
been routinely used to qualify 
and improve the cutting process.
However, few studies have
focused on the direct observation
of the surface of the cutting tools.

This study shows the usefulness of
white light interferometry (optical
profiling) for wear characterization
under varying cutting conditions.
This work has been performed in
collaboration with the Laboratoire
de Physique et Mécanique des
Matériaux at the University of
Metz, France.

Choosing the
Measurement Tool

An important advantage of the

optical profiler is that its vertical
(or “z”) resolution is independent
of the objective magnification1.
This allows one to study a large
surface area — as is often required
on cutting tools — with a low
magnification objective, while
maintaining high resolution. Other
instruments, such as confocal and
achromatic microscopes, cannot
provide this degree of resolution
at low magnifications. Secondly,
due to its large Z range, an optical
profiler can be used to measure
both nanometer details and 
millimeter - sized steps, permitting
the study of early wear as well as
severe wear under extreme machin-
ing conditions. All data generated
in this study were obtained on a
Wyko® NT Series Optical Profiler
(Veeco Instruments, Inc).  



Experiments

During the cutting process, materi-
al is removed both by the cutting
edge of the tool and the sliding
movement along the tool face. The
tool face undergoes stress and
wear due to the high machining
speed (up to 1200 m/s) and high
temperature (~600 °C). Under
these conditions, crater formation
can occur, or tool material may be
removed via chipping.  

To study the effect of speed and
feed on tool wear, the Wyko 
optical profiler was employed to
examine and quantify the tool 
surface, to examine crater growth,
and to discriminate between sever-
al types of wear marks. 

Figure 1 clearly illustrates that the
rapidity and degree of crater
formation increases dramatically
as feed and rotational speed
increase. Roughness also increas-
es at higher feeds and speeds.
Using white light profiling, wear
information can be extracted in a
variety of maps and pertinent data
analyses. 3D topographic maps
(Figure 1) and 2D cross-sections
(Figure 2) show the shape and
roughness of the cratered surface.
Volume analysis (Figure 3) deter-
mines the amount of tool material
lost to cratering. Other advanced
software capabilities include digi-
tal data filtering and calculation of
tribological data such as ANSI and
S parameters.
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Conclusion

With excellent Z -height resolution
and measurement range, white
light interferometry is a suitable
technique to characterize and 
optimize tool wear in high speed
machining. Parameters such as
width, length, height, roughness
and volume of craters can be 
plotted under varying cutting 
conditions to understand the high
speed cutting process in a more
comprehensive way.
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Figure 3
Volume analy-
sis of crater
formed during
cutting process.
Nanometer
height resolu-
tion allows
accurate char-
acterization of
these submi-
cron features.

Figure 2
2D cross-section of tool surface
following high speed machin-
ing. Crater width, length,
height and roughness can be
quantified and visualized.


