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ANNEX 1: SYNTHESIS OF THE INITIAL CONTRACT

The aim of this first contract was to explore advanced experimental techniques, mainly based on acoustic
phased imaging (holography), and their potential interest to detect, localise and identify abnormalities of the
behaviour of, industrial turbines under operation. It is thus a feasibility study for a new mveﬁtlgatlon
technique on gas turbines.

-This contract was very successful as [his acoustic technique, based on a neartield ,semi-automated

Systematic sampling of the acoustic pressures synchronised to the rotor rotation. and |ater numerically
"backpropagated” in the turbine blades middle plane. provided very explicit defects signatures (cf. figure

* A L: hereafter) when usual accelerometers detections were much less sensitive. In addition, the acoustic

"mxmmo approach also provides an accurate localisation of the defect: the gnd of the rectangular projection
Hof: i

igure 1 corresponds to the 9 stages of the turbine versus 360°, and the test 5.2 3-D view clearly
""firowdesa localisation of the 2 major defects culminating at 146° and215°. The effective location of the
restaggered blades was 142° and 202°. The identiticaton of the correspondi ng stage was improved by
observing the Fourier Transform of these acoustic emergences. because the major harmonics corresponded
to the number of blades 01 the rotor stagesimmediately upstream and downstream of the defects.

Many other impressive detection and |ocalisation examples may be tound in the cm-responding final report
(dated December 14.1990)and in [he various publications derived trom this work (as listed in
Appendix  3).

Another advantage 01 the acoustic techniques is their non-intrusive character, making the test preparation
much casier. faster and che: aper.

The Jsxnuauon of thermodynamie investigauons wgether with acoustic measurements pxovn,d also very
promising hecause the precise identification of the (humnd\n amic funcioning point at any tme is very
impoitant tor turbomachinery to maximise the etficiency. prevent pullution, reduce the n\k of internal
touling, and minimise fucl consumption.
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It was demonstrated that burner defects or €T0SS-fiNNg problems were detectable as well from the acoustic
data. and reciprocality that the joint analy5|sof the ressure and temperature probes of the nomina turbine
operation system together with the vibro-acoustic data was potentially increasing the defect detection and
identification probability.

' -

Since operation and maintenance costs are very significant tor industrial turbines operators, and the
availability of the turbine when required even more critical tor the whole process of the industrial plants
where turbines are used for general mechanical or electrical power utilities, the potential benefit of these
experimental techniques to ‘improve the gas turbines maintenance and increase their reliability and
availability was perceived as of primary importance.

At the end of this first E.C. Brite Euram | contract, extensive experimental and theoretical work was
achieved on real industrial gas turbines of the 3- 10 Megawatts range (mainly the TORNADO engine of
U.K. RUSTON Ltd. Company, European leading manufacturer’in this power range).
These results included:

the development of a specific acoustical imaging software (acoustic holography in cylindrical geometry),

the design and development of an acoustical imaging system mcludlng a double-layer array of
microphones.

- amulti-¢hanels acquisition system, based on a 32 bits HP Unix work station),

the preparation of an engine sSimulation software (thermodynamic and performance model),

the, prepafalion and the performing of the tests (engine at characteristic operating rates ot its components,
and engine containing realistic simulated taults).

data reduction of acoustical and thermodynamical measurements. as well as the investigation of faults
signatures for different unsieady quantity measurements (acoustic. vibration. internal pressure and shaft
displacements).

Simulated faults were: rotor stage fouling. individual rotor blade fouling, individual rotor blade twisted,
and stator blade restaggenng.

For each of these faults. as tested on an individual gas turbine. a correct identification has been
accomplished. This includes both the detection of gross component faugs (¢.g. minor compressor fouling)
and the detection of local taul (s within the cngine Component (¢.2.an individual damaged blade)- This™ ~
capability has not been achicved by any other NOR-i nirusive gas wrbine health monitoring system. The
corresponding methods 1IC \lemdll&t.d in the table 3.2.1 huL...lI[L,l

However it was sullalong way fromthese feasibility demonstravons to a wrbine healthmonitoring systcm-z

all the experimental surveys were made trom laboratory u;mpmwl induced the JL({UXS][IOH of very
farge amouwnts of data and uqunui 4 ereat amount of manpower and Gime o pm(.u.s them,

as a consequence, ihe dragnosis was onlv available several wc,cks ;mcr the test campaign, when a
quitsi real ame reaction would be necessary o preventany turther damage.

the ‘experimental cquipment was also not robust enough w be handled by wrbine operators and to !
‘survive o such an environment (¢t heat in parucufar). :
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INFORMATION PRODUCED by the ACOUSTIC EXPERIMENTS
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ACOUSTIC IMAGES TEST 5.2
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Test 5.2

Image with Restaggered Stators

BACK PROPAGATED FIELDS on the compressor’s casing

(at upstream rotor blade passing frequency)




