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ABSTRACT

Operational reliability of the single-use turbo engine for guided weapons must be guaranteed
even after long-term storage. Rolling element bearings have a great influence on the operational
reliability of the turbo engine, however changes in micro dimensions of bearings by an oxide
layers on rolling elements and raceways may cause failures after long-term storage. In this study,
changes in dimensions of bearings were measured and roughness of rolling elements was used
for estimating the storage life. Storage life estimation was performed via two kinds of methods,
Weibayes method and random sample generation method. The results of two methods were
compared and their characteristics were analyzed. This study will contribute to establish an

efficient maintenance schedule for the single-use turbo engine.
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Fig. 1 Components of bearings (left: inner-race split
ball bearing, right: floating type cylindrical
bearing).
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single—use
(engine image source: wikimedia commons,
Jeff Dahl).
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Table 1. Size information of bearings.

Unit: #1 #2 #3 #4 #5

mm Ball | Roller | Ball |Roller | Roller

Bore |\ 45 | 35 | 40 | 35 | 35
Diameter

Outer | o5 | 55 | 64 | 55 | 55
Diameter

Inner

Width 12 10 11.5 10 10

Outer

Width 16 10 15 14 14
z2o.
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Table 2. Criteria for determining bearing failure.

Ball Bearing
0.2 umRa

Roller Bearing
0.2 mmRa

Roughness
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Fig. 3 Roughness changes of bearings with long-term
storage (left columns: raceways roughness,
right columns: rolling element roughness).
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Table 3. t—test results between new and old bearings.

Raceways Rolling Elements

P value ?ignif P value _Signif

1cance 1cance
#1 Ball | 641x107 | O |1.50x10®% | O
#2 Roller | 0.240 X | 442x10°| O
#3 Ball | 291x10° | O |[3.52x10™| O
#4 Roller | 0.236 X | 149x10% | O
#5 Roller | 1.37x10* | O | 237x10% | O
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using the normal distributions
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Table 4. Shape parameters, scale parameters, and
B10 life results from Weibayes analysis.
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model coefficients  (left column:  raceways
roughness, right column: rolling element
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Fig. 6 Storage life distributions of bearings and Kernel
distribution  fittings  (from the top: #1 ball
bearing, #2 roller bearing, #3 ball bearing, #4
roller bearing, #5 roller bearing).
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