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A method for machine diagnosis, based on acoustic signals, is proposed. The method is based on psychoacoustic
modelling, which simulates the ability of human aural analysis. The solution approach combines psychoacoustic
pre-processing, feature-extraction modules, and feature-evaluation modules. Feature-extraction methods are de-
fined for the detection of stationary and dynamic acoustic phenomena. Stationary features are appropriate for di-
agnosing machines that emit continuous sounds, and defects are reflected in altered sound patterns. Dynamic
features are suitable for the detection of transient phenomena, such as collisions, etc. Statistical procedures,
based on asymmetrically defined fault-detection margins, are proposed for an evaluation of extracted features.
An application of the method for the diagnosis of industrially produced compressors is discussed. Noxious space
defect and lubrication defect are diagnosed by a stationary approach during the normal operation of compressors.
Various mechanical defects in the supporting spring system are diagnosed by extracting dynamic features for
collision detection. Compressor defects are successfully recognised through the proposed method.

1. INTRODUCTION

Modern industrial production, based on machining proc-
esses, requires reliable condition-monitoring procedures. Through
the proper monitoring of machines, a harmful machine break-
down and, consequently, a loss of production can be pre-
vented. Various sensory signals — such as acoustic emission,
temperature, vibration, and forces — can be monitored in or-
der to estimate the machine’s condition."” Machinery fault
diagnosis, based on vibroacoustic signals, is currently receiv-
ing considerable attention.*® Components of rotating machin-
ery that suffer from wear can be diagnosed through the ap-
propriate methods.*®

Machine-structure-borne sound is also very informative
for condition monitoring and fault diagnosis. Human opera-
tors can often diagnose machine defects while the machine is
in operation, by simply performing an aural inspection. Such
a method requires a clear distinction between sound patterns
of normal and abnormal machine operation. Various success-
ful applications of acoustic-based machine fault detection are
reported in the literature. Tsao et al. applied a neural network
to acoustic signatures of induction motors in order to recog-
nise motor faults.’ Li et al. proposed a neural-network-based
expert system for machine fault diagnosis in which acoustic
power spectra and statistical moments were used as input
features." Sound analysis with an extraction of features for
particular defect types was proposed by Benko et al. and the
method was applied to a vacuum cleaner fault diagnosis.!!
Lin applied a Morelet wavelet, for the extraction of the fea-
tures of machine sounds for the purposes of machine fault
diagnosis."” An application of a hidden Markov model, which
is a successful method for speech recognition, was proposed
for the diagnosis of mechanical faults."”® The idea of an elec-
tronic stethoscope was proposed by Tse et al., in which a di-
rect analysis of machine sound for machine fault diagnosis is
based on continuous wavelet transformation and on trajectory
parallel measures.™

In this paper, we propose a method for automatic acoustic-
based machine diagnosis that resembles an artificial ear. The
method is based on psychoacoustic modelling, which de-
scribes the ability of human aural analysis.'s Psychoacoustic
models combine several signal-processing stages for simulat-
ing aspects of transformation in the auditory periphery.'s A
pre-processing stage combines an array of independent band-
pass filters with signal rectification and with low-pass filtra-
tion. This stage roughly simulates the transformation of me-
chanical oscillations of the basilar membrane into receptor
potentials in the inner hair cells. Further stages combine non-
linear adaptation for compression and high sensitivity for fast
temporal variations. Finally, signals are analysed by a deci-
sion device.

The proposed method combines psychoacoustic model-
ling with simple signal-processing routines. The method is
suitable for detection of both stationary and dynamic acoustic
phenomena. For the former, faults can be detected in ma-
chines that emit continuous sounds, — defects occur only as
slight alterations from a basic buzz pattern. For the latter, dy-
namic acoustic phenomena, such as transients caused by col-
lisions and other events, can be detected.

This article is organised as follows: a solution approach is
introduced first, which is followed by a description of psy-
choacoustic pre-processing. The next section presents fea-
ture-extraction methods for detecting stationary and dynamic
acoustic phenomena. Extracted features are then evaluated by
statistical procedures that diagnose a normal or faulty state. A
section with industrial applications presents two case studies
that illustrate stationary and dynamic sound recognition. Both
case studies address the production of commercial compres-
sors and focus on the recognition of various defect types.

2. SOLUTION APPROACH

The proposed method of automatic aural detection of ma-
chining phenomena consists of three successive modules
which are schematically shown in Fig. 1.
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