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In modern materials science, how to accurately determine the
fracture behaviour of engineering materials has been a longstanding
problem [1-4]. Nowadays, the most widely used approach is linear
elastic fracture mechanics (LEFM) analysis, which defines the fracture
toughness in terms of the stress-intensity factor, K, or the strain-energy
release rate, G [5]. Accordingly, standard measurement methods have
been developed for polymers [6-8], which were initially applied to metals
[9]. In practice, however, it remains a challenging task to determine the
fracture toughness of tough polymers by using the existing standard
methods, especially when there is an accompanying low yield stress.
Such a combination leads to both crack growth and crack blunting
which are difficult to separate. In addition it is impractical to apply the
methods for polymeric thin films/paints or micro fabricated materials,
owing to the stringent requirements for the shape and/or size of
specimens.

With this in mind therefore, the community has made a great effort
to explore alternative ways to characterise the fracture toughness of
polymers. In particular, theories of measuring toughness of materials
by use of orthogonal cutting theory have been put forward. It is said
that cutting of a very thin strip of material may be considered as a
crack propagation process, and it is possible to measure the cutting
force during cutting hence calculate the energy dissipation. However,
for many years the fracture energy was not considered as part of
energy dissipation in metal cutting process as the energy was said
to be too small to exert an influence. It was not until Atkins’ studies
[10, 11], which firmly established the fracture terms are important in
any cutting analysis. Atkins and Vincent [12] subsequently advanced
the theory of critical fracture energy, G, is equivalent to the cutting
energy extrapolated to zero cutting depth. Based on Atkins and
Vincent’s theory, Ericson and Lindberg [13, 14] characterised the
fracture toughness of two kinds of polymers, PMMA and epoxy, by
using an instrumented ultra microtome. Their testing results were
claimed in the same order of magnitude as those measured using the
conventional standard testing methods. Later on Williams [15], Patel et
al. [16] and Williams et al. [17], systematically deduced a linear relation
between cutting force and cutting depth to extrapolate G_based on the
orthogonal cutting mechanism and Merchant’s force minimisation.
The results showed that cutting tests were capable for characterise the
toughness of the polymers with low yield stress but moderately high
toughness, which were not easily satisfied by the requirement of the
conventional standard testing methods.

Recently, authors carried out cutting tests to determine the fracture
of various polymeric materials including polymer nano composites [18,
19]. The work was conducted on the basis of the recently developed
fracture mechanics for the cutting process by Williams [15], Patel et
al. [16], and Williams et al. [17]. The fracture toughness, G_ of pure
polymers such as polyamide, polypropylene and epoxy was measured
using an orthogonal cutting method on a CNC surface grinder. In
particular, the fracture toughness epoxy based nano composites with
10 wt% nano-rubber and 10 wt% nano-silica particles, was also studied.
During the test, the cutting forces were measured by a multi-axis
dynamometer, and depths of cut are precisely controlled from 10 pm

to 150 pm. High speed cutting tools with three rake angles of 10°, 20°,
and 30° were used for the cutting. The G_ values of pure polymers and
epoxy nanocomposites with 10 wt% nano-silica particles are in good
agreement with those obtained from the standard compact tension test.
However, the cutting method produced higher values in yield strength
than the conventional tensile test.

In summary, the results have shown that the cutting tests are
capable for conveniently measuring the fracture toughness of polymers
as a new standard method. However, it is also noted the results can
be also affected by the cut depth and the sharpness of cutting tools,
depending on the properties of polymers. It is worthwhile performing
more research in this area to provide much insight into the role of the
fracture energy in the cutting process.
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