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Abstract — Automotive transmission systems are assembled with a large number of gears and shafts, and rolling
bearings are used to ensure their smooth operation. Gear oil in the gear box contains solid particles such as wear
debris from contacting gears and metallic chips. This particle-enriched lubricating oil can cause premature failure
of the rolling bearings. Research aimed at improving the service life of these rolling bearings has been confined
mainly to design and lubrication of the inner/outer rings and the rolling elements. In this paper, we redesigned
the shape of the cage pocket of a deep groove ball bearing to reduce the premature failure due to particle con-
tamination. Test bearings are assembled with this new cage design containing a hole punched in the cage pocket.
Endurance tests are carried out using the contaminated lubricating oil with miracle grid as hard particle. The
duration and damaged bearing component shapes are compared for two different cages. The By, life of bearing
with new cage is increased by about 66% compared to the conventional cage. This is because the hard particles
can be easily discharged through the pocket hole without staying for a long time in the lubrication regions. This
greatly decreases abrasive wear and dents on the highly stressed ball bearing surfaces. Therefore, the cage design
of this study, containing a pocket hole, can significantly delay the premature failure of rolling bearings and
improve the endurance life.

Keywords —abrasive wear($12tw1E), ball bearing(E W), particle(¢]=2), premature failure(Z7] 2}<),
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(a) Inner ring raceway (b) Outer ring raceway

(c) Ball

(d) Cage pocket

Fig. 1. Damaged bearing parts used in transmission.
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(a) Cage pocket with recess

(b) Assembled bearing

Fig. 2. Cage with recess in pocket [9].
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(a) Cage pocket

(c) Assembled bearing
Fig. 3. New cage pocket with punching hole.
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Table 1. Specification of test bearing and load ratings

Items Value
Designation F-845409.KL
Bearing size D45 x @85 x 17
Ball diameter 213

Number of ball 9
Static load ratings 21,200 N
Dynamic load ratings 34,000 N
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Fig. 5. Schematic diagram of test setup.
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Table 2. Specification of test conditions
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Table 4. Test results

ftems Value / Condition Cage type  Set no. Ruming Failed component
Radial load, F, 12,695+254 N time [h]
Axial load, F, 5,708 N cl 150 Inner ring
Rotational speed 2,000£40 rpm Conventional 2 39.5 Balls
Lubrication method Oil bath c3 33.5  Inner ring, Balls
Oil brand Nissan NS-2 Cc4 475 Inner ring
Oil level Shaft center height N1 45.0 Inner ring, Balls
Oil temperature 12045 °C N2 116.2 Inner ring
New N3 78.8 Inner ring
Table 3. Specification of foreign particle N4 43.5 Inner ring
Items Condition N5 44.1 Inner ring, Balls
Material Miracle grid (Iron)
Hardness 700~900 Hv
Size 0-30 pm 20100 m AIA7E R gl dhste] M= vastert 71E
Amount 0.1455 g/ 0.0045 g/ AoAE AHga HlofPellr] BE 5ol st Zols}
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(a) Conventional cage

(b) New cage

Fig. 6. Comparison of tested ball with cage type before
bearing failure.
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(c) Cage pocket
Fig. 7. Failed bearing parts of C3 case.

(c) Cage pocket

Fig. 8. Failed bearing parts of NS case.
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Fig. 9. Weibull plot of experimental data.
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