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Experimental Study on the Characteristics of the Pad
Fluttering in a Tilting Pad Journal Bearing
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Abstract — The vibration characteristics of the pad fluttering in a fluid film tilting pad journal bearing (4-pad
LBP) have been investigated experimentally under the different values of oil supply flow rate, bearing load and
shaft speed. The vibration characteristics of the pad fluttering are estimated by measuring the time signal of cir-
cumferential distribution of the film thickness and the cascade plot of the response of the relative displacement
between the bearing and the shaft. It is shown that the vibration frequency of the pad fluttering has a sub-syn-
chronous frequency and almost does not change by the increase of shaft speed. However the vibration amplitude
is increased by the increase of shaft speed. From those experimental results, pad fluttering can be thought of as
a self-excited vibration. The incipient pad fluttering velocity is increased by the increase of oil supply flow rate
and by the decrease of bearing load. It is observed that the vibration amplitude of the pad fluttering can be
decreased by the control of supply oil flow rate effectively. And also It is known that the outbreak of pad flut-

tering does not concern with the shaft vibration.
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Fig. 2. Schematic diagram of test apparatus.
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Fig.4.(a) Circumferential distributions of the film
thickness in the mid-plane (N=1800 rpm, Q=90 I/min,
W=0 kN).
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Fig.4.(b) Circumferential distributions of the film
thickness in the mid-plane (V=3600 rpm, 0.=90 I/min,
Wi=0 kN).
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Fig.5.(a) Spectrum of gap sensor (x-axis) (/V=1800
rpm, 0,=90 I/min, #,=0 kN).
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Fig.5.(b) Spectrum of gap sensor (x-axis) (N=3600
rpm, 0~90 Vmin, #,;=0 kN).
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Fig. 6. Variation of the pad fluttering characteristics
with the shaft speed (x-axis) (=120 I/min, W,=0 kN).
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Fig. 7. Variation of the pad fluttering characteristics
with the shaft speed (x-axis) (Q.=180 Vmin, W,=0 kN).

Table 1. Pad incipient fluttering velocity(V.,;) with the
supply oil flow rate(W,=0 kN)

O. (Vmin) 60 90 120 150 180
Vi tpm) 1500 2600 3400 4100 4400

[Hz}

Fig. 8. Variation of the pad fluttering characteristics
with the oil supply flow rate (x-axis) (V=3600 rpm,
W,=0 kN).
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Fig. 9. (a) Variation of the pad fluttering characteristics
(x-axis) (W;=5 kN, Q=120 Vmin).
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Fig. 9. (b) Variation of the pad fluttering characteristics
(x-axis) (W;=10 kN, 0.=120 Vmin).
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Table 2. Pad incipient fluttering velocity(V..) with the
bearing load

0. (Umin)
W, (N) 90 120
2600 rpm 3400 ;pm
5 2100 rpm 3100 rpm
10 1900 rpm 2900 rpm
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