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Fig. 4. (a) Maximum temperature rise plotted vs. power flux from frictional heating for each sample, (b) thermal conductivity plotted vs. filler wt%. Analytical
solutions for equal strain and equal pressure composites are shown; equal strain and pressure solutions comprise the top and bottom of each conductivity envelope,
respectively. Two models for aluminum composites are shown; one has an insulating layer and is capped at 2 W/mK, the other does not.

Fig. 4a shows maximum temperature rise plotted versus
the frictional power flux (�PV) for each of the samples.
A regression of the data for the unfilled sample gives a
slope �T/q′′ = 7.0 m2K/kW with R2 = 0.99; the linearity sug-
gests that convection losses are proportional to the frictional
power. The indium filled sample has a regression slope
�T/q′′ = 5.0 m2K/kW, with R2 = 0.99. The aluminum filled sam-
ple has a regression slope �T/q′′ = 1.4 m2K/kW, but the regres-
sion is poor with R2 = 0.86. Examining only the portion of the
data at constant load produces a slope �T/q′′ = 1.7 m2K/kW and
R2 = 0.99. As load is increased, the slope decreases proportion-
ally, decreasing to �T/q′′ = 1.1 m2K/kW before failure. Various
experiments were performed to investigate this load dependent
phenomenon, including the addition of thermal grease to the
base of the contact as well as constant P–V experiments where
sliding speed was reduced as load increased. From these exper-
iments there is no clear hypothesis for the consistently observed
behavior of increased conductivity with increasing load.

Estimates of thermal conductivity versus filler wt% for the
samples in this study with analytical solutions for several
idealized composites are shown in Fig. 4b. The conductivity
envelopes for the analytical models are bounded by the equal
strain (upper) and equal pressure (lower) composite structures.
A bulk aluminum filled sample has the greatest potential with
aluminum having higher thermal conductivity than indium, but
because a solid lubricant surface layer was required, the con-
ductivity is capped at approximately 2 W/mK. At 10 vol.%
aluminum, analytical solutions for the capped equal strain and
equal pressure composites are K = 1.84 and 0.27 W/mK, respec-
tively. The thermal conductivity of the aluminum filled (10%)
sample is estimated to be 1.6 W/mK. Because indium can be
used at the interface, the indium composite has much greater
potential than the insulated aluminum filled sample with ana-
lytical solutions for 10 vol.% indium equal strain and equal
pressure composites being K = 8.7 and 0.22 W/mK, respectively.
The indium composite has an estimated thermal conductivity of
0.35 W/mK. In general, it is very difficult to obtain connectivity

of particulate filler at low loadings; this is reflected by the low
conductivity of the indium sample and similarity to the equal
pressure composite. The aluminum foam has a continuous ther-
mal path resulting in a substantially higher conductivity and
similarity to the equal strain composite.

5. Conclusions

Designed composites reduced the operating temperatures and
extended the operational P–V range of thrust washer compo-
nents.

At failure, the unfilled bulk component had an operational
temperature rise of 170 K. Under the same operating condi-
tions, aluminum filled and indium filled samples had operational
temperature rises of 37 K and 115 K.

The conductivity of the composite is strongly dependent on
the structure of the filler within the composite. The aluminum
foam filled sample performed comparably to an equal strain
composite while the indium particle filled sample performed
comparably to an equal pressure composite.
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