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Signals collected from dual-channel sensors contain abundant fault characteristic information when the rub-impact
fault occurs in a rotor system. As a combination of bispectrum and vector-spectrum analisys, vector-bispectrum
analysis can achieve an effective elimination of Gaussian noise and accurate analysis on quadratic phase coupling
in signals by combining dual-channel information. However, it has been found in the slight rubbing experiment
that part of the fault information is lost by simply using the bispectrum or vector-bispectrum method. In order to
resolve this problem, a new fault feature extraction approach for the rubbing rotor based on the energy index of
vector-bispectrum is proposed and used in the experimental test to obtain typical characteristics of the full annular
rub-impact fault. It is shown that this novel method of feature extraction inherits the advantages of vector-spectrum
analysis. The features of the rub-impact fault based on the energy index of vector-bispectrum has been extracted
successfully, and the result of classification through SVM illustrates that the extracted features are very noticeable,

and the proposed method can comprehensively reflect nonlinear information of the rubbing rotor.

1. INTRODUCTION

In a theoretical sense, the rotor of rotating machinery is a
complicated nonlinear system. The occurrence of the rub-
impact faults in a rotor system may result in irregular and
unstable shafting vibrations containing nonlinear phase cou-
pling, which was harmful to the unit. Typically, conventional
methods for fault detection use the power spectrum analysis
based on Fourier transformation, which was built on the as-
sumption of stable and Gaussian signals. Spectrum analysis
could be used to characterize the Gaussian process, but it was
not suitable for processing non-minimum phase systems or
non-Gaussian signals due to its incapability of reflecting Gaus-
sian skewness and nonlinear characteristics of signals.! Con-
sequently, developing better ways to analyze the fault of the
rubbing rotor has attracted much attention in the field of fault
diagnosis of rotating machinery.

High order statistics analysis, in contrast with power spec-
trum analysis, could suppress Gauss noise completely in the-
ory, and meanwhile effectively reveal the nonlinear informa-
tion of the signal. As the simplest and lowest-order means in
the high order statistics, bispectrum was the most commonly
used high-order spectrum, and can be applied to deal with non-
linear phase coupling existing in nonlinear vibration signals.
In the current study, bispectrum was generally used in the ex-
traction of fault features in double frequency domain for rotat-
ing elements, such as gears and bearings.>® Shen et al. ap-
plied bispectrum to extract the features of the rub-impact fault,
and the results indicated the obvious existence of differences
in bispectrum between the X-direction and the Y- direction
signals.” However, why only the Y'-direction signals were not
selected for analysis was not explained. Yan et al. adopted
the method of diagonal slice of bispectrum to analyze nonlin-
ear coupling of harmonics occurred in steam turbines, but the
results showed that the difference between the stable and the
unstable vibrations was not notable in the figure of diagonal
slice of bispectrum.® Generally, fault diagnostics based on bis-
pectrum used the method of the statistical change detection,
which was not ideal to distinguish the fault degree.® Therefore
bispectrum coupled with other methods such as HHT or LMD,
were suggested, but the complexity of the algorithm would in-

creased.!*-13

In general, the monitoring system of a rotor had a couple
of sensors at each measuring point. The aforementioned stud-
ies mostly computed bispectrum of signal per channel respec-
tively and selected the most obvious difference as the fault
features by intercomparison. In fact, the signals of different
directions were not identical due to the anisotropy of rotor sys-
tems. Hence, single channel based bispectrum analysis was not
enough to comprehensively and exactly reflect the fault fea-
tures because the insufficient signal combination would lead to
the fault information missing. Based on the research of vector
spectrum,'* a new method of vector-spectrum integrating dual-
channel signals was discussed and used to extract the feature
of fault signals.'> However, applications of this method car-
ried out by the author of this paper for the fault signals of the
rubbing rotor showed that the fault features reflected by vector-
bispectrum were not obvious enough to identify the rubbing
rotor.

In short, a new method of feature extraction based on the
energy index of vector-spectrum was proposed for the rubbing
rotor in this paper. The experiment results show that the energy
index of vector-spectrum obtains bispectral characteristics of
the full annular rub-impact fault, and a reasonable explanation
is given. Finally, a SVM classifier is developed to validate the
effectiveness of this method.

2. PRINCIPLE OF VECTOR-SPECTRUM

Assume that X - and Y- are the two orthogonal directions at
a measuring point in a rotor system, and 'y, yj, are the discrete
time series of X - and Y -direction respectively. X and Y} are
defined as the Fourier transforms of x; and yi. Let Ryx, Ik,
Ryi, 1 yk as the real and the imaginary parts of X}, and Y},
respectively. The amplitude and phase of harmonics included
in x;, and yy, are defined by:

Ay = JR2, + 12,

Yz = arctan (Ix/Rak)

Ayk = \/ Rgzjk + Ijk ’

oyr = arctan (Ly,/Ryk)

)
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