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ON EXPERIMENTAL METHODS FOR DETERMINING
CRITICAL SPEEDS

Yan Litang and Li Qihan
(Beijing Institute of Aeronautics and Asironauiics)
Abstract

In this paper the experimental methods for determining the critical speeds
of rotor systems are investigated. The methods reviewed here are the peak

amplitude method and those based on the charateristics of critical speeds, s uch
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as the 90 degree phase lagging, and the rapid change of phase angle.

The peak amplitude method commonly used will introduce significant error
in practice if the shaft is out of round or initially bent, or it is observed
under the condition of acceleration. Even if the tests are performed at constant
speeds the undamped critical speed will still be much higher in case of heavily
damped rotors, while the method based on the 90 degree phase shift is more
suitable for these cases.

For the lightly damped rotors, which are just the cases for manypractical
rotors, the method based on the rapid change of phase angle when passing
through critical speed is more applicable, since the rotors may be more safely
tested with accelaration which does not affect the measured results of critical
speeds by using this method.

A modified Nyquist plotting procedure is presented, in which a trial
weight is put on the node section of the higher order mode shape, and necessary
tests are made only at some speeds near the critical. The vibration vectors
without error are then obtained and a circular polar plot can be made. With the
aid of the plot the critical speed can be calculated in accordance with the fact
that the increment of speed is nearly proportional to the increment of phase
lagging angle in the vicinity of a critical speed.

Tt is suggested that the first critical may be experimentally determined at
lower speeds for the rotors with assymmetric stiffness, these are the cases for
many real rotors. The sub—critical is measured in this method and its double is
then the first order critical speed. It is known that at sub-critical the vibration
frequengy is twice the speed, while at ecritical the vibration frequency is equal
to the speed. Therefore, it is possible to distinguish the sub-critical from the
first critical by comparing the measured frequency with speed. This method is
considered as a safer and simpler method.

Finally the feasibility of the method to determine the ecritical speeds in

the static states of the rotors is discussed.



