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Noise and Vibration Characteristics of Externally Pressurized Air Journal
Bearings with a Circular Slot Restrictor
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Abstract

The purpose of the present paper is to investigate the noise and vibration characteristics of externally
pressurized air journal bearings with a circular slot restrictor. To do this, the nonlinear transient analysis
including rotor imbalance was performed for a rotor-bearing system. The effects of radial clearance and the
width of the bearing and mass eccentricity of the rotor on the noise and vibration characteristics of the bearing
are also examined. The results show that the noise and vibration of the rotor-bearing system first increase up
to critical speed of the system, and then decrease up to instability threshold speed of the system as the
rotational speed of the rotor increases, and the noise of the bearing is markedly influenced by the mass
eccentricity of the rotor and the radial clearance and the width of the bearing.

Di pressure of the incident wave [N/m?]
7|54y Do mean pressure of the air film pressure [N/m?]
Dref reference sound pressure [N/m?]

C radial clearance of the bearing [m] Ds air supply pressure [N/m?]

Ca sound speed of the air [m/sec] 12 pressure of the transmitted wave [N/m?]

Cs sound speed of the bearing [m/sec] r radial coordinate [m]

D diameter of the bearing [m] R, radius of the bearing [m]

e mass eccentricity of the rotor [m] R, radius at the inlet of the slot [m]

Jow Jpy 1éaction forces of the air film [N] T period of the steady state response [sec]

h film thickness [m] T, absolute temperature [°K]

hy film thickness of the slot [m] ¢ time [sec]

L length of the bearing [m] t thickness of the bearing [m]

m mass of the rotor [kg] x,¥,z coordinates [m]

N sound pressure level [dB] Za acoustic impedance of the air [kg/m2~s]

N averaged sound pressure levezzl [dB] Zg acoustic impedance of the bearing [kg/m*-s]

p pressure of the air film [N/m’] T,  feeding parameter, 124CoRN(R T/ (pul,?)

Pa ambient pressure [N/m~] . .

. . ) K specific heat ratio
Dy pressure fluctuation of the air film [N/m] . . .
i Y7 dynamic viscosity of the air [Pa-sec]
T (3)5r5] €] )2 jkpark@rpmtech.cok 7 angular coordinate [rad]
N ‘T =T : v = ‘_j’J pard@rpmicct.co Xt Da density of the air [kg/m’]
**ﬁ%ﬂQﬂE%lﬂﬂ%ﬂﬂhmm@mMQMMh‘ 0 @m@mﬁ%b%M@&@f]
St 3el 7] &9 7] A8 &3 tacho@kaist.ac.kr Q angular velocity of the rotor [rad/sec]
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Fig. 1 Slot restricted journal bearings
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Fig. 2 Coordinate system
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Fig. 3 Reflection and transmission of plane waves
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Table 1 Specification and parameter values

I, =409 m=0.5 (kg)
R, =15 (mm) C=30 (um)
R, =18 (mm) ps = 6 (atm)
1= 1.8x107 (N-s/m?) L =15 (mm)
e=C/1000 hy=9 (um)
p.=1.18 (kg/m’) cq, = 344 (m/sec)
py=7700 (kg/m®) ¢ = 5050 (m/sec)
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Fig. 9 Effects of the bearing width
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