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Abstract

Qil film bearings are applied for large rotational machineries owing to their large load capacity and damping effect. However,
a swirling flow of the lubricant induces self-excitation at high rotational speed. The stability margin changes during many
years due to the mechanical wear and fatigue. Thus, stability diagnosis of the rotor-oil film bearing systems is required, In this
paper, we focus on the onset rotational speed of self-excitation as a stability index. Firstly, a 2-DOF rotor-oil film bearing
model is constructed using the mode synthesis method and BentlyMuszynska model for oil film bearings. Then, an
estimation method of the onset rotational speed using frequency responses measwured at lower rotational speeds than the onset
one is derived from the model. Finally, a test rig consisting of a rotor supported with two oil film bearings and a radial
magnetic bearing is fabricated and fiequenicy response functions with forward circular excitation are measured by utilizing
the magnetic bearing. The experimental result shows that the predicted onset rotational speed using the fiequency responses
at 30, 40 and 50 tps is 60.4 rps, and the error between the estimated and measured onset rotationat speeds is less than 4 ps
{6%).

Key words : Vibration of rotating body, Oil film bearing, Self-excitation, Oil whip, Oil whirl, Diagnosis, Magnetic
bearing
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Fig. I Onset rotational speed of self-excitation.
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Fig. 2 Experimental rotor,
Table I Dimension of the rotor-oil film bearing system.
Rotor Shaft $8 % 390 [mm]
Total mass 2.71 [kg]
[* bending mode 36.3 [Hz]
Oil-film bearing Diameter D 1 420 fmm]
Length L 20 [mm]
Clearance C 100 {pm]
Ungrooved cylindrical bearing
Radial magnetic bearing Type Hetero, 8 poles
Inner diameter $29.5 [mm]
Clearance 500 {um]
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Fig. 3 Rofational speed and vibration amplitude.
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Fig. 5 Stiffness and damping coefficients of the oil film bearing,
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Table 2 Complex eigenvalues at rotational speed £t = 251 rad/s (40 mps).

Eigenvalues [rad/s] Natural freq. [Hz) Damping ratio
S ISl/2n Re[51/]5}

81 —92.24j136 26.2 0.56
82 —16,300—7127 2,590 1.00
83 —7.194+j190 30.2 0.0379
S4 —3.94—/199 316 0.0158
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Fig. 6 Simulated natural frequencies and damping ratios at votational speeds.
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Fig. 9 Configuration of the block diagram for the proposed diagnosis.
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Table 3 Estimated and measured onset rotational speed,

Rotational speed 30ms 40 ps SO0 rps
(Rotational speed/ Measured (yp50e) (0.53) (0.71) (0.88)
Zero-cross fieq. of real part v,..9 {04) 319 Hz 31.5Hz 31.6Hz
Zero-cross fieq. of imaginary part Vy,g (AQ) 21.7Hz 25.1 Hz 28.0Hz
A 0.72 0.63 0.56
Estimated Qgnser 60.4 1ps
Measured Q601 57.01mps

: Zero-cross freq. of re. part v,
Q : Zero-cross freq. of im. part vy,
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g i Estimated onset {l,,¢er
g ool .\ . Loy, 60d4mws
. |
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Fig. 11 Estimation results at rotational speeds of 30, 40 and 50 rps.
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