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turbine compressor is presented in the presenl paper. The innovative feature of this
method is thart it performs the diagnosis automatically, that is, it gives a direct answer

1o whether a fault exisis and what type of fault it is, without requiring the inter-
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pretation of results by a human exper. This is achieved by derivation of the values
of discriminants calculated from spectral parterns of fast response measurement
data. A decision about the corresponding engine siaius is then derived according 10

the values of the discriminants. In the paper, the procedure of examining the suit-
ability of particular parameter discriminants and the constitution of a related knowl-
edge base is described. The derivation of decisions bv a computer, and on what
engine condition a particular measurement data set corresponds, are then described.

1 Introduction

Development of effective gas wurbine condition monitoring
and fault diagnosis methods has been the target of considerable
research in recent vears. Whether the methods are of the gas
path analysis type or based on dynamic data, such as vibra-
tions, the aim is to take advantage of the capabilities of modern
computers in order to provide a fast and reliable answer 10

what the condition of the engine is when measurements are g

available. The introduction of expert systems, in particular,
has provided the possibility of integrating the data processing
and decision making techniques into computerized procedures,
which can provide information of direct use even to the in-
experienced user.

The existence of mechanical faults can be revealed by vi-
bration monitoring techniques, which cover a wide range of
faults. as, for example, discussed by Lifson et al. (1990). On
the other hand, the possibility of detecting even minor faults
of individual blades has been demonstrated by Mathioudakis
et al. (1991). Derivation of the decision about the existence of
a fault is based on the calculation of some characteristic quan-
tities and the user's judgment, according to the observed fea-
tures and existing experience.

The methodology proposed in the present paper gives the
possibility of extracting a decision about the existence of a
fault by a digital computer, eliminating the need for interpre-
tation of the results by specialized personnel. The extraction
of such a decision is possible by application of pattern rec-
ognition methods. Such methods have been applied in various
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other domains, e.g., monitoring of bearing elements {e.g., Li
and Wu, 1989), machine tools (Emel and Kannatey-Asihm,
1989), gearboxes (Barschdorff et al., 1987). Applications to
turbomachinery faults related to dynamic data have first been
proposed by Barschdorff (1986). The work presented there was
based on features of time traces from casing accelerometers.

The work we present here is based on spectral features of
measurements of various dynamic quantities, such as internal
pressure, casing acceleration, and acoustic data. Its particular
feature is that before applying the pattern recognition tech-
nique, the data are preprocessed in order to derive fault sig-
natures. On the other hand, the test case analyzed consists of
a commercial industrial gas turbine operating at different loads,
representing thus a realistic industrial test case of application.

The way the method is organized allows its direct inclusion
in an expert system. In particular, it replies to the need of
obtaining computer tools for the diagnosis of speci fic engine
problems, as identified by Doel (1990).

2 Experimental Data

The present investigation was based upon measurements on
an industrial gas turbine into which different faults were in-
troduced. The test engine was the Ruston Tornado, described
by Carchedi and Wood (1982). The instrumentation layout
and measurement conditions are described by Loukis et al.
(1991). For completeness, we repeat here the instruments used
and the examined faults. :

During the experimental campaign four categories of meas-
urement were performed simultaneously:

{(2) Unsteady internal wall pressure, instruments PT1 to
PTS5. PT2 faces rotor 1, PT3 rotor 2, etc.
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