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Effect of Design Variables on Stability Threshold Speed of Bump Foil Journal Bearings
Kiyoshi HATAKENAKA ™ and Taiki SHOJIMA

3 Kyushu Institute of Technology, 680-4 Kawazu, lizuka-shi, Fukuoka, 820-8502 Japan

Bump foil journal bearings are prospective applicants for machine elements that can support a small-sized rotor of high-speed rotary
machinery. The authors have proposed two models to the bearing, one of which corresponds to the bearing with an excessive static friction
between the top and the bump foils and the other to the bearing without the friction. The variation of predicted maximum load capacity of the
bearings with respect to the assembly preload was in qualitatively good agreement with the measurement. This study aims at predicting the
effect of the design variables of the bearing on the stability threshold speed of the horizontal rigid rotor supported in the model bearings. The
modified stability charts show that the effect of two of the variables, the attached angle and the angular extent of top foil, is noticeable, the
other two variables, the rigidity of top foil and the equivalent spring constant of bump foil, is modest and the rest of the variables, the density
and the thickness of top foil and the pitch angle of bump foil, is negligible. It is also found that the models have to be modified, considering
that the top foil is detached from the bump foil.
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Table 1 Constants for base case to model bearing
O 10° yi® 340° A 0.5
O 10° Ty 0.05 A 01~1.0
Ko 10 Ey 10 r 0.2

M ¢ 1x10°° M, | 00,05

Table 2 Design variables for parametric study

0, 100°, 280°
On 5°, 20°

Ker 100, 1000

Be | 2200, 260°, 300°
74 0.03

Eq 1,100

My 0, 1x10°
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(a) Steady-state deformation of top foil
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(b) Steady-state air film thickness
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Fig.5 Air film thickness and transfer functions in the
mid plane of the bearing at stability threshold

speed for " =0.1 (Model A, M, =0.0)
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(b) Steady-state air film thickness
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Fig.6 Air film thickness and transfer functions in the
mid plane of the bearing at stability threshold

speed for 1" =0.1 (Model B, M, =0.0)
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Fig.9 Air film pressure and transfer function in the
mid plane of the bearing at stability threshold
speed for A" =0.25 (Model A, M, =0.0)
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Fig.10 Air film pressure and transfer function in the

mid plane of the bearing at stability threshold
speed for A" =5.7 (Model A, M, =05)
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