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Fig. 2 Schematic diagram of experimental apparatus
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Fig. 3 Trajectories of cage center during one cage rotation in experiment (Fa = 687 N, w; = 100, 500, 3000 rpm)
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Table. 1 Definition for 3 types of cage motion

Type of cage motion Cage noise
Steady
(Absolute value of cage whirl Inaudible

velocity is less than 500.)

Positive whirl
(Cage whirl velocity is more
than 500. Direction of cage
rotation and cage whirl is same.)

Audible

Negative whirl
(Cage whirl velocity is less than
-500. Direction of cage rotation
and cage whirl is different.)
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Fig. 5 Comparison between temporal changes in whirl
velocity (first row) and sound pressure level
(second row) at 3000 rpm in experiment
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Fig. 6 Schematic diagram of forces on cage
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Fig. 7 Temporal changes in cage center position (first
row), and cage whirl velocity (second row) in
analysis under Coulomb friction model
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force (second row) on cage-race in analysis under
Coulomb friction model
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Fig. 9 Schematic diagram of lubricant forces on cage-
race (Balls were excluded for visibility.)
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Fig. 10 Temporal changes in cage center position (first
row), and cage whirl velocity (second row) in
analysis under new friction model
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Fig. 11 Temporal changes in sliding velocity (first row),
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Table. 2 New friction model on cage-race
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