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Vibration Estimation of Damping Ratio of Oil-Bearing Rotor  
by Means of Modal Open Loop Characteristics 

Rotating 
Machinery Measurement 

 

 

Oil bearing & ball bearing supported rotor (Fig.1) 

 

During rotation of the oil-bearing rotor, it passed its 1st critical speed (37Hz), but at a higher 
speed, unstable vibrations occurred (Fig.2). Fig.3 shows vibration spectrum immediately 
before occurrence (A, B, C) of instability. Since the rotation speed component shows no large 
fluctuations in magnitude, while the natural frequency component gradually becomes large, 
oil whip instability is considered. Thus, as in Fig.4, an open loop transfer function Go, that is 
V1/V2 when an external disturbance e is applied, was measured. Also, by attaching an added 
mass at the point of x4, an equivalent modal mass was determined from changes of the natural 
frequency to be : meq = 10.9kg (Fig.5). Then, Go

* was converted to a new open loop transfer 
function G0

* by the following relationship: 
G*

0 = H(s)/(meqs2)  where, (H(s) = 1/G*
p-meqs2, G*

p = G0/Gr)   
Based on this new transfer function G0

* and also ζ = 0.5 tan φm from a phase lead φm at the 
gain cross frequency ωg, a mode damping ratio was determined as shown in Fig.6, but this 
result differs from a simulation result obtained by a separately calculated simulation. 
 

 

In view of the fact that the damping ratio obtained by simulation and measurement 
immediately before oil whip decreases, it is considered that changes in the damping ratio may 
have been measured. Attention was paid here to the fact that an equivalent modal mass meq, 
that is used in the calculation process of converting the open loop transfer function Go to a 
newly obtained open loop transfer function G0

*, should be more exact. But the value of meq 
used in the calculation of G0

* are different from that actually measured. 
 

 

The influence with varying the value of me on the damping ratio was measured. Recalculated 
damping ratios for meq = 0.8 times and 1.2 times the original value is given in Fig.7, which 
suggests that the larger the damping ratio (low rotation speed area), the larger the difference 
in damping ratio, while no difference in in damping ratio is observed near an area immediately 
before oil whip instability with a small damping ratio occurs.  
 

 

Prediction of damping ratio is considered possible under a condition where it is small or 
especially when stability & instability will be a problem. Then, a dynamic damper (Figs.8, 9) 
was attached at the tip section to eliminate the oil whip instability, with the result shown in 
Fig.10. The resonance curves indicate that the oil whip instability was restricted, and that the 
damping ratio did not decrease at the rotating speed where oil whip instability occurred 
heretofore. Thus, this method is thought to allow prediction of damping ratio. 
 

 

The technique of using an modal mode-wise open loop does not stick to the absolute value 
of predicted damping ratio, but is an adequate method for determining and predicting the 
stability & instability by focusing on changes in the damping ratio. 
In ASME TurboExpo 2008, professor Eric Maslen states the same as to a damping ratio 
predicting method using a different technique. 
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