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taken into account.

The data reported in [1] seem, therefore, to
indicate that the inclusions are pure or almost
pure magnesioferrite, with a nickel content of not
more than a few per cent.
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Acoustic emisison from microcracks
during sliding contact

Microcracks may be readily formed in brittle solids
under comparatively small normal forces by drag-
ging an indenter, e.g. a hard particle, across the
surface; this process is responsible for most of
surface damage and resultant strength degrada-
tion of brittle materials [1-5]. Thus “scratch
resistance” is an important mechanical property
which provides a useful figure of merit for assess-
ing material response to many damage and wear
situations. The physical significance of scratch
resistance has been examined through a variety
of contrived scratch systems, one in particular,
the fixed spherical indenter on a smooth plane
surface has been widely studied both theoretically
and experimentally [6—8]. A typical system is
shown schematically in Fig. 1 and a resultant
set of crescent shaped microcracks formed in the
wake of a sliding sphere on a polished glass surf-
ace is shown in Fig. 2.

One of the experimental difficulties associated
with scratch tests has traditionally been in charac-
terizing the intensity of the scratch. The number
of microcracks, or crack density, constitutes a
reasonably measurable parameter, but often
involves tedious and time consuming measure-
ments from optical observations. Wilshaw and
Rothwell [9] attempted to measure the individual
microcracks as they formed, by detecting and
autographically recording the number and in-
tensity of the stress waves emitted during unstable
crack extension. The current study examines
the relationship between the size and density of
the microcracks and the recorded emissions in
greater detail than before; a significant reduction
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Figure I Diagram of a typical spherical sliding system,
together with resultant microcracks. Normal load on the
indenter, P, load on indenter parallel to surface, F,
radius of indenter, R, radius of contact circle, a. Direction
ot indenter travel: from right to left.

in the emission strength with increasing micro-
crack density is observed and a physical explana-
tion is provided.

The important variables involved in microcrack
formation are illustrated schematically in Fig. 1.
For a specific material with a uniform surface flaw
size density distribution the fracture behaviour
is determined by the contact stress field which,
in turn, is governed by the applied load P on the
indenter, the coefficient of sliding friction ug,
the radius R of the indenter and the elastic pro-
perties of the indenter and work-piece (specimen).
Surface roughness may also be an important
parameter affecting ug, although in the present
work this was not an important consideration
since polished surfaces only were used. The experi-
ments were carried out on mechanically polished
blocks (50m x 100mm x 10mm) of soda-lime-
silica glass in a laboratory air atmosphere (25%
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Figure 2 Typical set of crescent shaped microcracks
formed in the wake of a sliding indenter. The corres-
ponding cumulative emission count, N, and dynamic
coefficient of friction, ug, are also shown. Direction
of indenter travel: from right to left.

r.h.). The sliding track shown in Fig. 2 was ob-
tained using a 2.0mm radius tungsten carbide
sphere under a normal force of SON with a relative
sliding velocity of 4 x 10> msec™".

The crack detection and analysing equipment
are described elsewhere [10], for the present
purposes it is sufficient to note that the mech-
anical/electrical conversion is effected using a
piezoelectric transducer, and the signal strength
measured using the ringdown count method
[11]. The transducer was acoustically coupled
to the specimen block through a thin layer of
vacuum grease. Selected regions of the scratches
were sectioned vertically along the axis of sliding,
and after grinding and polishing the individual
microcracks were revealed during a 30sec etch
in 5% HF.

A plan view of part of a sliding track is shown
in Fig. 2a along with the corresponding cumulative
acoustic emission trace (Fig. 2b) and associated
coefficient of friction record (Fig. 2c). Vertical
sections of selected regions of this trace are
shown in Fig. 3. We note that the microcrack
density increases from right to left; This is prob-
ably due to a correspondingly small but signifi-
cant increase in the coefficient of friction over
the length of the track. The random distribution
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Figure 3 Enlarged vertical sections of the sliding trace
shown in Fig. 2a. A, B and C above correspond to the
regions so identified in Fig. 2. Direction of indenter
travel: from right to left.

of microcracks over the length to some extent
the surface flaw size distribution which provides
the microcrack.

Three aspects of the cumulative emission trace
(Fig. 2b) are worth nothing: emission pulses
may be identified with microcracks; there is no
detectable emission from frictional processes
at the contact interface; and the strength of the
emission per crack is variable. We identify three
regions of the track, A, B and C within which
there is a variation in the microcrack density to
amplify this last point. From the plan view in
Fig. 2 and the sections in Fig. 3, the decrease
in the strength of the emission signal corresponds
to a decrease in microcrack length associated with
an increase in microcrack density. We shall pro-
pose an explanation of this phenomenon using
indentation fracture mechanics.

The maximum principal surface stress, oy,
due to sliding spherical contact on an elastic
half-space, is distributed on the axis of sliding
as shown in Fig. 4a, for ug = 0.25 (after Hamilton
and Goodman [12]. The maximum tensile stress
occurs on the periphery of the contact circle
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Figure 4 (a) The principal surface stress field, o,, , normal-
ized by the mean indenter contact pressure, p, (after
Hamilton and Goodman [12]). (b) The surface stress
field controlling crack growth for initial crack extension.
(c) Probable surface stress field controlling subsequent

crack growth after formation of initial crack at position
X. Direction of indenter travel: from right to left.
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behind the sliding sphere. Microcracks tend to
extend from this location whenever a surface flaw
is critically stressed according to the Griffith
equation (in practice a more complex relationship
is necessary to account for the stress gradient on
the nucleating flaw but in the interests of simpli-
city we shall not pursue this aspect further).
In the absence of any other surface damage the
initial crack forms in the undisturbed Hertzian
stress field (Fig. 4b). Once a crack becomes un-
stable it extends away from the surface, emitting a
stress wave, and relaxing the stresses in the vicinity
of the stressfree surfaces created by the crack. If a
second crack is subsequently extended within
the sphere of influence of the first, it tends to
extend a shorter distance due to the decrease in
strain energy release rate caused by the stress
relaxation (Fig. 4c). Apparently, the range of
influence of the stress-free crack surface extends
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Figure 5 Cumulative emission count, N, together with
corresponding high crack density sliding track. Direction
of indenter travel: from right to left.

approximately one contact circle diameter accord-
ing to our observations and measurements. At
this stage we can only offer a qualitative explana-
tion of this effect. For the relatively simpler
case of cracking due to normal indentation we
have established a quantitative relationship be-
tween the amount of crack exiension and the
associated intensity of the emitted stress waves
[10]. In the present case, however, we have no
quantitative understanding of the way in which
the sliding contact stress field is modified by the
presence of stress-free surfaces. Until such in-
formation becomes available we cannot proceed
to quantify this effect. The above phenomena
has important implications in the application
of acoustic detection techniques to instrument-
ing scratch tests. As the crack density increases
the size of the individual microcrack decreases
until eventually it may becomes acoustically un-
detected. An example of this behaviour is shown
in Fig. 5 in which a section of an overall high
crack density scratch is presented. The lowest
crack density occurs in region E corresponding
to a slight reduction in ug . In this field the largest
emission signal per crack is produced. The large
crack density in region D comprises small micro-
cracks which are acoustically undetected (Fig.
5b).
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