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Dynamic characteristics analysis of bump foil journal bearings

with air lubrication
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Abstract: Différential equations of air film in elastic bump foil journal bearing were de-
ducted by the'perturbation method with air lubrication Reynolds equation and series expan-
sions of air film, air film thickness and foil deformation. The mathematics model of the re-
lations among air film thickness, bump foil deformation and air film pressure was developed
in consideration of air compressibility. Both finite difference method and Newton-Raphson
method were applied to solve the coupled differential equations and air film thickness mathe-
matics model equations, while the variation rules of air film stiffness and damping coeffi-
cients were achieved with different eccentricities, speeds, perturbation frequencies and dif-
ferent length-diameter ratios. This provides a basis for bump foil journal bearing design,
optimization and theoretical and test analysis of rotor-elastic foil bearing system. The nu-
merical results show that the main air film stiffness is enhanced when eccentricity and speed
increase, and the value of air film stiffness and damping of bump foil journal bearing are con-

nected strongly with the perturbation frequencies.
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Table 1 Parameters of foil bearing and lubricant air™*!

S8 HE

HEikiE R/107° m 50
MRKEE L/107° m 75

& SCERRIBR C/107° m 100
PR EE /10 * m 76.2
WEBE R B 1,/107° m 101. 6
WSER S hy/10° m 0.63
WSE R Bt KEE 5/10 ° m 4.064
WEE R PSR 21/10 ° m 3. 434
EEUA B R E/10° (N/m®) 207
BB IAR L v 0.3
THWSIEREE /10 °(Pa s s) 1. 932
SRR o/ (kg/m®) 1.1614
WIESUEET) p./10° Pa 1.01325
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Table 2  Air film stiffness and damping coefficients with different eccentricities

n/10" i T BN F A T e R A
i 7O K. K. K. K, D. D, D, D,
40 67.2 0. 384 1.579 —1.57 0. 391 —0.74 0. 935 —0.90 —1.02
60 59.2 0. 867 1. 667 —1.82 1. 020 —0.44 0. 830 —0.88  —0.59
o 80 52.8 1.279 1. 690 —1.95 1. 461 —0.24 0.708 —0.80 —0.34
100 47.5 1.632 1. 694 —2.01 1. 798 —0.11 0. 600 —0.70  —0.18
40 58.9 0. 868 1. 627 —1.73 0.992 —0.39 1. 070 —1.10  —0.98
60 51.8 1. 211 1. 395 —1.75 1. 629 —0.25 0.728 —0.87 —0.51
" 80 46. 6 1.528 1. 307 —1.80 1. 975 —0.14 0.551 —0.73 —0. 30
100 42.4 1. 810 1.274 —1.82 2.214 —0.07 0. 442 —0.63 —0.18
40 47.7 1.421 1. 348 —1.77 1. 846 —0.06 0. 959 =1.18  —0.87
60 42.7 1. 567 1.010 —1.63 2.358 —0.11 0. 555 —0.82 —0.44
T 80 39.1 1.799 0. 906 —1.61 2. 600 —=0.08 0. 391 —0.65 —0.27
100 36. 2 2.023 0. 875 —1.62 2.755 —0. 05 0.303 —0755 —0.18
40 36.3 1. 894 0.982 —1.70 2.719 0.-125 0.770 —1.16  —0.77
60 33.7 1. 907 0667 —1. 47 3.090 —0. 05 0.'403 —0.75 —0.39
> 80 31.6 2077 0:-584 — 143 3.242 —0. 06 0.272 —0.58 —0.25
100 29. 8 2.258 0.565 —1:43 3.333 —0. 04 0. 206 —0.48  —0.17
R3 AEKELLFASIEREFEE R
Table 3 “Air film stiffness and damping coefficients with different L/D
O £ S0 B R B 1 AABLIE 7 B
2H /D — —
K.. K K. K,, D,, D., D,. D,,
C=0.1mm 0.50 0.432 1.235 —1.054 0.859 —0.414 0.705 —0.603 —0.965
e=0.6 0.75 1. 150 1.517  —1.774 1.404 —0.210 1.039 —1.161 —0.930
n=4X10" r/min 1. 00 2.086 1.620  —2.272  1.859 0. 327 1.181 —1.572  —0.747
7=0.5 1. 20 3.288 1.468  —2.509  2.187 1. 290 1. 045 1.773  —0.562
*4 BRARAREZFHMEMSEREMERRY
Table 4 Air film stiffness and damping coefficients with different foil deformation numbers a
JC it 49 NI B AR A ek dRH e R EL
ZH a
K. K.y K., K, D.. D., D,. D,,
C=0.1mm 0.10 1. 159 1.947  —2.192  2.293 —0.516 1.047 —1.596 —1.489
e=0.6 0.20 1. 148 1.743 —2.024 1.867 —0.392 1.045 —1.405 —1.250
n=4>X10" r/min 0. 30 1. 146 1.615 —1.894 1.602 —0.298 1.042 —1.273 —1.079
L/D=1.20 0. 40 1. 149 1.526  —1.787  1.423 —0.220 1.039 —1.173 —0.946

v=0.5 0.50 1. 156 1. 461 —1.693  1.296 —0.152  1.035 —1.092 —0.836
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