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Abstract: To solve the problem of insufficient oil supply for rolling bearings under the influence
of high-speed and high-pressure air curtain, a bearing lubrication efficiency enhancement method
based on surface groove structure was proposed. Firstly, the bearing lubrication simulation model
considering the real structure of the bearing and the internal movement of the components was es-
tablished. The guiding effect of the grooves was used to enhance the axial flow ability of the lu-
bricating oil to improve the bearing lubrication efficiency. Secondly, the influence law of oil sup-
ply, speed, groove size, nozzle diameter and other factors on bearing lubrication performance was
studied based on the service characteristics of bearings under variable working conditions. Com-
bined with the orthogonal design, the multi-factor sensitivity ranking affecting groove lubrication
efficiency was obtained. Based on the parameter normalization method, the optimal groove width

prediction formula was established for variable working conditions. A high-speed bearing lubrica-
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tion test platform was built, and the lubricating efficiency enhancement effects of different width

grooves were compared and analyzed under variable bearing working conditions. The results show

that when the bearings rotate speed exceeds 6 000 r/min, the optimal grooves structure obtained

by the proposed method can increase the lubricating oil flow in the bearing’s contact area by more

than 5 times, which significantly improves the bearing lubrication efficiency.

Keywords: high speed bearing; oil-air lubrication; orthogonal design; lubrication efficiency en-

hancement; groove structure
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Fig. 1 Lubricating oil flow distribution on inner ring surface

and bottom layer with and without groove structure
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Fig. 2 Lubrication medium flow model in bearing cavity
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Fig. 5 Curve of the relationship between the amount
of lubricating oil entering raceway and the dis-
tribution of bottom lubricating oil belt and the

bearing revolution speed
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bricating oil entering raceway and the distribution

of bottom lubricating oil belt and the groove width
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Fig. 8 Influence of oil supply, speed and groove width on

lubricating oil flow
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Fig. 10 The linear regression result of the relation

between optimum groove width and InW
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Table 2 Comparison of 7008C surface groove width fitting

and simulation results

el / METRE/ FHFE/ wE/
(10°r » min~ ") mm mm %
1 0. 65 0.7 7.69
4 0.48 0.5 4. 17
7 0.42 0.4 4.76
10 0. 38 0.4 5.26
15 0.33 0.3 9.09
20 0. 30 0.4 33.33
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Table 3 Comparison of 7004C surface groove width fitting

and simulation results

e WERE,  HIEWE/
/(10%r + min™ ") mm mm B2

1 0.59 0.6 1. 69
4 0. 55 0.6 9.09
7 0. 50 0.5 0

10 0.45 0.5 11.11
15 0. 37 0.4 8. 10
20 0.29 0.4 37.93
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Fig. 11 The groove structure of bearing inner ring prepared

by laser processing
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Fig. 12 Experimental results of temperature rise of bear-

ings with different inner ring groove structures
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Table 4 Lubricating oil flow in the raceway of bearing inner

ring under three working conditions

Wt/ (mg+s ')

et/
5 R pRtapi ] 0.4 mm 0. 6 mm
(10° r * min™ ")

Ak R R VR R

2 0. 46 0.57 0.63

4 0.21 0. 56 0.57

6 0.08 0.43 0.49

8 0. 06 0. 40 0.41

10 0.01 0. 38 0.19

12 0.01 0. 30 0.15
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