
1. INTRODUCTION

A new generic approach is proposed and generalised for

those cases in which Fourier transforms are used for pattern

recognition and diagnostics.1-3 The new approach consists of

simultaneously using the real and imaginary components of

the Fourier transform as pattern recognition (diagnostic) fea-

tures and taking into account the covariance between these

features. Theoretical insight related to this approach is de-

scribed in references.1,3

This approach differs from most published applications

for pattern recognition and diagnostics, in which the power

spectral density (i.e. magnitude) or phase spectrum is used. In

the present paper, some applications of the proposed general-

ised approach to damping diagnostics are considered.

Numerous techniques have been used to diagnose the

damping ratio of objects. Of these techniques, the forced

resonant technique and the impulse technique appear to be

the most widely accepted.4 Both techniques are based on the

frequency response function (FRF). Changes in damping will

modify the parameters of the FRF; because if a parameter

(e.g. stiffness, damping, etc.) of a physical system changes,

then the FRF will be expected to change.4

Without loss of generality one can consider the damping

diagnostics based on the resonance technique and two types

of excitation: the sine excitation with random initial phase

and white noise excitation.5 Diagnosis with the sine excita-

tion is the most traditional and widely used approach for lin-

ear systems.5 White noise excitation is widely used for sys-

tems with multiple vibration modes. All resonance frequen-

cies are excited simultaneously using this type of excitation.

The main purposes of this brief contribution are the

v development and validation of the novel vibroacoustical

approach for damping monitoring based on the proposed

generic approach, which essentially improves the moni-

toring accuracy;1-3

v comparison of the results from the new approach with

those obtained from the traditional approach based on the

FRF magnitude.

2. THE PROPOSED APPROACH

The non-dimensional equation of motion of the linear os-

cillator, the system investigated for sinusoidal excitation, is

described by the following expression:

                   (1)
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2X " sin#!f t ! "$ ,

where  is the normalised displacement;  isX#t$ " x#t$m /F x#t$

the displacement;  and  is the circularh " c /2m !n " k /mn
natural frequency;  and k are the object mass, damping,m,c
and stiffness, respectively;  and  are the constant exci-F,!f "
tation amplitude, angular forcing frequency, and random ini-

tial phase, respectively.

For convenience, normalisation of the displacement, which

makes the equation of motion invariant of excitation ampli-

tude is used. It is possible to use this normalisation because

the excitation amplitude is constant.

The random initial phase is uniformly distributed in the

interval . Forced resonant oscillations are used, and[0, 2#]

therefore, the excitation frequency is equal to the natural fre-

quency.

The system motion undergoing the white noise excitation

is also considered. The non-dimensional equation of motion

under the Gaussian white noise excitation is described by the

following equation:

                  (2)
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2x " Ae(t) cos"#t$ ,

where  and  are the normalisedAe#t$ " Ai#t$ /m , Ae#t$ A i#t$
and un-normalised random Rayleigh envelopes of the Gaus-

sian white noise excitation;  is the random phase, and"#t$
 is the damping ratio.$ " c /#2 km $%
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