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Instantaneous Rotation Frequency/Phase Measurement of a Rotor by the Anaytic Signal Method
-Anaysis Precison Study Using a Rotation Detector Model-

Tekashi Nakashima Makoto Sugisaki Hideo Suzuki

When analyzing rotation fluctuations of a rotating machine, the instantaneous frequency anadysis method, which is
based on analytic signds, can be used. This method is aso called the "Hilbert transform™ method. This report discusses
the anadlysis accuracies of rotation pulse signals by the analytic signal method. An electromagnetic type rotation detector
model is used to create rotation pulse signas with known rotation frequencies. Numerical results show that, when
finding localized rotation fluctuations, a successive short time windowing/transformation is more effective than the one
time transformation method. The results also show that severa rotation detector pulses should be contained in the short

time window for the accurate instantaneous rotation frequency anaysis.
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Fig.1 Electro-magnetic type rotation detector model.
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Fig.2 Radius variation of the gear of the detector model.
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Fig.3 Detector model output for a normal gear and a gear

with a deformed tooth.
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Fig.4 Rotation velocity/angle analysis procedure.
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Fig.5 Estimation of the pulse arrival time by the second
order polynomial approximation.
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Fig.6 An example of rotation pulse waveforms extracted

using the
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Fig.7 Power spectrum of the waveform shown in Fig.6.
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Fig.8 Representation of the complex waveform on the
complex plane.
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Fig.9 Correction of the phase/time curve from  to

use of the arrival times of a specific pulse.
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Fig-10 Instantaneous-frequency/time curves obtained by

the short-time and long-time transforms.
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Fig.11 Dependence of the instantaneous frequency on the

window length.
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Fig.12 Improvement of the instantaneous frequency
estimation by the correction at step
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Fig.13 Instantaneous rotation frequencies of the model
rotor (a) and the instantaneous rotation
frequencies calculated from the output signals of
the rotation detector model by the proposed method
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