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Figure 7 shows the number of particles
generated above each of the ferrous particle
thresholds used for the test. As indicated,
the sensor detected the initial spall and counted
significant numbers of wear-metal particles
greater than 200 um throughout the failure.
In total, over 150,000 ferrous particles greater
than 200 um and more then 25,000 particles
larger than 700 um were counted. Also of note
was the rapid increase in the rate of particles
counted later in the test.

A single test was also conducted on an ad-
vanced-technology hybrid bearing for aircraft en-
gine application. Failure of this bearing, which
incorporated ceramic balls and steel races, was
initiated by a series of 0.02-in.-dia. stress concen-
tration pits created on the bearing’s inner race.
The bearing was run progressively from the point
of initial spall to a point at which severe spalling
damage was evident over roughly 10% of the race
circumference.

Figure 8 shows the number of ferrous particles

Figure 3. Bearing test rig.

ODM readings. Asillustrated in Figures 4 and 5, both the sensor
measurements and the findings of the filter debris analysis
verify that large numbers of wear-metal particles within the
detectable size range of the sensor are released, starting with the
first spall, continuing as the bearing is kept in operation, and
increasing in rate as damage reaches an advanced state.

The tests have established that the severity of the damage can
be correlated to the mass of the wear-metal material removed
from the bearing contact surfaces, as shown in Figure 6. This
suggests that reliable caution and alarm thresholds can be estab-
lished based on the cumulative mass of debris measured by the
ODM.

A single test was conducted by Pratt & Whitney on a large-
diameter thrust bearing from an aircraft engine application. The
bearing material was steel, and failure was initiated by inten-
tionally damaging each of the functional surfaces of the bearing
(inner race, outer race, and balls) using 0.025-in.-dia. indents.
The rig was operated at maximum bearing load conditions until
vibration levels reached approximately 50 g, at which time the
rig was shut down and the bearing inspected. Inspection of the
bearing following the test revealed extensive inner race spalling,
outer race distress, ball spalling, flaking, and cage fracture.
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Figure 4. Sensor output during bearing test.
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generated above each of the size thresholds used
for the test. Over the course of the test loop more
than 7000 particles greater than 200 um and over 100 particles
greater than 700 um were counted by the sensor. As in the case
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Figure 5. Filter backwash results.
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Figure 6. Correlation between sensor output (mass) and observed
surface damage.
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Figure 7. Large-scale bearing test results.

of the large-scale bearing test, a significant increase in the rate of
particles counted during the latter stages of the failure was
evident.

The ODM has successfully completed the preflight engineer-
ing test and evaluation phase of the engine’s full-scale develop-
ment program. Pratt & Whitney will conduct flight qualification
testing of the initial flight-release hardware. First flight of the
ODM is planned for 1997. GasTOPS has also entered into a
formal partnership agreement with BFGoodrich Aerospace for
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Figure 8. Hybrid bearing test results.

ongoing development and production of the ODM for aero-
space applications. O

Information for this article was provided by Dave Muir, GasTOPS Ltd.
and Brad Howe, BFGoodrich Aerospace.
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