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Abstract

An energy operator demodulation approach based on EMD (Empirical Mode Decomposition) is proposed to extract the
instantaneous frequencies and amplitudes of the multi-component amplitude-modulated and frequency-modulated (AM-
FM) signals. Furthermore the proposed approach is applied to machinery fault diagnosis. Firstly, EMD method is used to
decompose a multi-component AM-FM signal into a number of intrinsic mode functions (IFMs). Secondly, the energy
operator demodulation method is applied to each IMF and the instantaneous amplitudes and frequencies of a multi-
component AM-FM signal are extracted. Finally, the spectrum analysis is applied to each instantaneous amplitude in
order to obtain envelope spectra from which the mechanical fault can be diagnosed. The analysis results show that the
energy operator demodulation approach based on EMD can extract the characteristic of machinery fault vibration signals
efficiently.
© 2005 Elsevier Ltd. All rights reserved.
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0. Introductions

When the faults occur in the mechanical system, the machinery fault vibration signal always present the
feature of modulation [1,2]. Therefore demodulation analysis method has been established as the widespread
method for machinery fault diagnosis, especially for diagnosis of fault location [3-5]. At present, the Hilbert
transform has been widely used in machinery fault diagnosis as one of the most common demodulation
analysis methods because the characteristic information can be obtained by Hilbert transform, which has
quick algorithm and could extract envelope of the machinery fault vibration signal effectively [6]. However,
owing to the inevitable window effect of Hilbert transform, the demodulation results present non-
instantaneous response characteristic, that is, at the two ends of the modulated signal which has been
demodulated as well as the middle part with break would produce modulation again, which makes the
amplitude get fluctuation in an exponential attenuation way, and then the demodulation error would increase.
On the other hand, the central frequency of the filter is determined with experience while forming an envelope
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signal, which will make great subjective influence on the results. Aiming at these problems, the energy operator
demodulation approach based on empirical mode decomposition (EMD) is proposed and applied to
machinery fault diagnosis.

It is also accessible to extract the instantaneous amplitudes and frequencies of a modulated signal by energy
operator demodulation approach and the demodulation effect is superior to Hilbert demodulation method,
meanwhile the computation time is also decreased greatly [7-10]. However, the energy operator demodulation
approach put forward by Teager [11] can be applicable for amplitude-modulated signal and frequency-
modulated signal that just has single component (AM-FM signal), s(¢) = a(t)cos[¢(?)], while in practice most
machinery fault vibration signals are all multi-component AM-FM signals, s(¢) = Z%zlam(t)cos[qﬁm(t)]. For
these signals, they are usually decomposed into single component AM-FM signals by band-pass filter and then
demodulated to extract the instantaneous frequencies and amplitudes in conventional demodulation methods.
However, both the number of the carrier frequency components and the magnitude of the carrier frequency
are hard to be determined in practice, so the selection of central frequency and bandwidth of band-pass filter
carries great subjectivity that would bring demodulation error and make it ineffective to extract the
characteristic of machinery fault vibration signal. To target this problem, the EMD method is used to
decompose the multi-component signal into the single component signals. It is Huang who put forward the a
new signal analysis method, EMD method [12], which can decompose a complex signal into a number of
intrinsic mode functions (IMFs), and each IMF component can be amplitude-modulated or frequency-
modulated, that is, a single component AM-FM signal, s(¢) = a(f)cos[¢(?)] [12]. In this way, the amplitudes
and frequencies information of the original complex signal can be obtained after each IMF component is
demodulated by the energy operator demodulation method. In paper [13], an approach called Teager-Huang
analysis which is the conjunction of the energy tracking operator and EMD method was proposed for sonar
target recognition. In this paper, the energy operator demodulation method and EMD method are combined
for mechanical fault diagnosis. The analysis results from simulation and actual signals confirm that the energy
operator demodulation approach based on EMD can extract the fault feature of machinery vibration signal
efficiently.

1. Energy operator demodulation approach based on EMD

Both the amplitude a(¢) and the phases ¢(¢)of an AM-FM signal are various, and the general expression of
this kind of signals is as follows

s(1) = a(n)cos[p(1)] (1)
and its instantaneous frequency is
. do(t
o) = i) = 40 o)
Define the non-linear signal operator y for formula (1)
Yis) = () —s§ 3)

by using the energy operator demodulation method the instantaneous amplitude and frequency of an AM-FM
signal can be obtained [11]

Y(s)

la(t)| ~ m 4)
LS)
o(r) ~ ) (5)

The above method is applicable only for single component AM-FM signals, and for multi-component AM-
FM signals, s(7) = E,],‘Llam(l)cos[da,,(t)], it is necessary to preprocess original signals, namely, decompose
them into single component AM-FM signals before the amplitudes and frequencies information are extracted,
which can exactly be fulfilled by EMD method.
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