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INTRODUCTION
Graphite fibre reinforced epoxy composite material(GFRP) is
used extensively in the aerospace and other industries for
structural application. The trend is to address the 20 to 30
year life endurance of this material in service. Mechanical
joints in aircrafts are exposed to dynamic loads during
service and wear may be experienced by the composite material
joint. Generally it has been shown that graphite fibre
reinforced polymers have superior wear and friction properties
as compared with the unfilled polymers. To take the research
one step further we have used ion implantation as a novel
surface treatment. Hear and friction of a polymer composite
material (GFRP) is studied and ion implantation is used in
order to observe the effect on the tribomechanical properties
of the material. Ion implantation on polymers has been
observed previously to improve the wear property[l].

EXPERIMENTAL

Material used: GFRP - 40% Epoxy resin (TGDDM) + 60% Graphite
fibre. Unidirectional continuous fibre.
Titanium (Ti6Al4V)

A pin and disc machine (CSEM) is used to study the friction
and wear behaviour before and after ion implantation.
Rectangular GFRP pins were used, cut 3mm x 3mm x lcm to
produce an apparent contact area of 10mm2. The pins are cut
to produce three different fibre orientation to the direction
of sliding and counterface. Titanium discs are used as a
counterface. Ti discs are hand polished using SiC paper to a
finish of 600 Angstrom. The Ti disc is rotated to produce a
constant speed of 300mm/s. The load used is 5N.
A total of 20 kms distance is run measuring the weight at
intervals of 5 kms.
The GFRP pins are ion implanted with C ions using doses 1E14,
1E15 and 1E16 ions/cm2 at 35 keV.

RESULTS and DISCUSSION

Friction and wear data for the unimplanted (virgin) and ion
implanted with C ions(lE14 ions/cm"2) are shown in figures 1 &
2 respectively. The results are for the fibres running
parallel in the direction of sliding. It has been well
documented that fibre direction of sliding can influence the
friction and wear behaviour of continuous fibre reinforced
polymers.
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Fig 1. Friction data for
unintplanted and implanted pins

During the
initial stages of
sliding for the
virgin sample, no
tracks were
observed. It was
seen that tracks
formed fully for
the GFRP virgin
sample 1.5 hours
after running
which is
indicated by the
peak in figure 1
and thereafter
steady state
condition
prevailed. The
peak in friction
for the ion

implanted GFRP was not as significant. This pre steady state
condition may be due to the change in surface topography [2].
Carbonaceous film as well as a wear track for the ion
implanted GFRP became visible not long after the start of the
run. No significant transfer film formed for the virgin
sample, a similar result was obtained by Giltrow[3] using a
similar counterface. It is clear from figure 1 that the
coefficient of friction is reduced from 0.3 to .15 by ion
implanting the GFRP with C. Giltrow [3] and Lancaster[4]
showed that the coefficient of friction for carbon fibre
reinforced polymers against steel lie within the range of
0.25-0.35 and appear to be almost independent of the matrix
materials. The friction coefficient for our unimplanted data
is very similar, which implies that the graphite fibre could
be the influential characteristic in the case of GFRP sliding
against Ti. This also suggests that the graphite fibre may
not be the influencing characteristic that generates the
coefficient of friction results obtained for the ion implanted

GFRP composite.

Initial wear
results show
(Fig.2) there is
a decrease in
cumulative wear
for the ion
implanted GFRP.
It was observed
that wear debris
appeared to be
more significant
for the virgin
sample in
comparison with
the implanted
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Fig 2. Wear data for unimplanted
and implanted pins



151

sample. As mentioned above the carbonaceous film was
prominent for the implanted sample suggesting that the carbon
film characteristic influenced the wear result. Giltrow[3]
observed that transfer film formed for most counterfaces used
except for Ti and Gold and explains why no film transfer
occurred. The presence of the carbonaceous film on the Ti
counterface for the ion implanted GFRP indicate that the
carbon rich surface (produced by ion implantation) of the pin
changed the wear property of the tribological system.

CONCLUSION

The results reported herein lead to the following conclusion.
1. Ion implantation of GFRP changes the tribological property
of the system, significantly.

2. Ion implantation of C on GFRP sliding against Ti decreased
the coefficient of friction and wear.

3. Further investigation is required to form an understanding
of the effects of ion implantation on GFRP and their
beneficial effects on the tribological properties.
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