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Thermal elastohydrodynamic lubrication analysis of aero-engine
mainshaft ball bearing based on quasi-dynamic
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ZHENG De-zhi, ZHAO Xiao-li

(School of Mechatronics Engineering,

Harbin Institute of Technology, Harbin 150001, China)

Abstract: Taking aero-engine mainshaft ball bearing under typical high speed and load
conditions as cases, the motion and loaded states of micro-contact region were obtained based
on quasi-dynamic analysis, and the minimum film thickness (MFT) was estimated with
Hamrock-Dowson (H-D) formula and ZHAI Wenjie thermal modified formula; meanwhile,
the MFT under various conditions was acquired through thermal elastohydrodynamic lubrica-
tion (EHL) analysis. Comparing the MFT of experiment testing, H-D, ZHAI Wenjie and
numerical analysis, the EHL status was ensured by film thickness ratio. Results indicate
that H-D and ZHAI Wenjie’s MFT have large difference with experiment results, but nu-
merical analysis shows a well agreement with experiment data and the error is within 10%.
The operating condition effects on EHL property were discussed. Results indicate the global
film pressure increases and the thickness decreases in the presence of radial load; the film pressure

decreases and the thickness increases with the increase of speed, but the trend becomes slower.
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Table 1 Parameters of aero-engine mainshaft ball bearing
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Tabal 2 Experimental conditions of resistance-capacitance (R-C) oscillation method '*

LS A 1 o fip / kN il i e / kN M /10" (r/min)  JEHEREE/C o SRR/ (r/min)
1 2 15 7 72 0
2 2 15 8 74 0
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5 0 15 10 79 0
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Tabal 3 Minimum film thickness of four kinds of algorithm
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I, 260 0 3 H-D #l#& BICRIEIE PG T T AT
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3 0. 490 1. 794 0. 879 0.492 4.4
4 0. 440 1.420 0.718 0.478 4.2
5 0.503 1. 814 0.918 0.502 4.4
6 0.510 2.055 1. 044 0.509 4.5
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Fig.5 Pressure, film thickness and temperature distribution under case 3 and case 5
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