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ANNEX 1: SYNTHESIS OF THE INITIAL CONTRACT.—

7
1? ISE AND VIBRATION IMAGING TECHNIQUES
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The aim of this tirst con[ract 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 investigation

@
technique on gas mrbines. ,,

.This contract was very successful as [his acoustic technique, based on a neartleld  ,semi-automated
systematic sampling of the acoustic pressures synchronised [o the rotor rotation. imd later numerically
“’backpropagated” in the turbine blades middle plane.  provided very explicit defects signatures (cf. figure

Y A 1: hereafter) when usual accelerometers detections were much less sensitive. In addition, the acoustic
@r@gin~.approach also provides an accur~te  localisation of [he defect: the grid of the rectangular projection
‘<~f;.tl.gure  1 corresponds to the 9 stages of the turbine versus 360°, and the test 5.2 3-D view clearly
‘prihvides a localisation of the 2 major defects culmin~tin:  ~[ 146° find 215°. The effective location of the
restaggered blodes  was 142° md 2[)2°. The identihcation  01 the corresponding stage was improved by
observing the Fourier Transform of Lhese ticoustic emergences.  becwe  the mojor harmonics corresponded
to Me number  O( blxks  01- dw rmor  sttigx  immcdiiwly upswtim and downstream of the defects.

lMimy other impressive detection  imd localisation examples muy be iound in the cm-responding iinal  report
(duted  December IL$. 1990) and in [he various publications derived from this work (as listed in
Appendix 3). ‘

Another ~dvantoge  01- the XousLic wchniquis is lhcir non-inu-usive  character, m+-ing  Lhe test preparation
m u c h  easier. ~~smr md uhc:lpcr.
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\ h’ was demonstrated that burrter defects or cross-fillng,  probiems  were detectable as well from the acoustic
data. and reciprocality that the Joint analysis of the pressure  and tempemture  probes of the nominal turbine
operation system together with the vibro-acoustic  dard WaS potentially increasing the defect detection and
identiilcation probability.

I ,-—

Since operation and maintenance COSK are very significant for industrial turbines  operators, and the
availability of the turbine when required even more critical for 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 I contract, extensive experimental and theoretical work was
achieved on real industrial gas turbines of the 3- 10 Megawatts ran$e (mainly the TORNADO engine of
U.K. RUSTON Ltd. Company, European leading manuhcturer  in this power range)-

These results included:

‘g .-

-,

.
the development of a specific acoustical imaging soff~~we  (acoustic holography in cylindrical geomet~),

th~ design and development of an acoustical ‘imaging system including a double-layer array of
rnic~ophones. . .-

a rnulti-chanels  acquisition syste’m, based on a 32 bits HP Unix work station),

the pre~ar?tion  of an engine  simulation software (thermodynamic and performance model),

the, prep~ation and the performing of the tests (engine Jt cluuac[eristic  opemtin:  rates of its components,
and engine  containing realistic simulated Faults).

data reduixion  of acoustical and dwrmodynamical measurements. M well as the investigation of faults
signamres  for different uns[eady quantity measurements (~coustic.  vibra[ion. internal pressure and shaft
displacements). ,’

Simulat+ h.dts ;vere: rotor st~ge fouling. individud  rotor blade fouling,  individual rot(x blade twkted,
md stator blade restagy~in:.

F o r  :ach of these ti~ults.  is [ested on m individu~l  gas [urbine. u correct iden[itlcation  has  been
w-cqmplished.  This includes both the demclion  o~ gross component (au Its (e.g. minor compressor foulin@
Jnd the dc[ection nt IOCJ1 tiJui Ls within the Cllgilw  component (e-g. WI illdividu~l  d~m~ged  blade)- ThM
capability has not been whicved  by my otlmr non-i nlrusivc ~J.,, s ~ul-hille he~l[h monitoring system. The
c o r r e s p o n d i n g  m e t h o d s  :lrc summm-iscd in the Ldble 3.2.1 Imwul’wr.

[-l{)wc~’o il \v:M s[ill ii 1011: \c:I) l’rom  !hcsc fwsihilily ~lul~~[)r~sll-;l[iolls  [() :1 [ur+inc hcal[h  rnoni[oring system:
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Test 5.2 Imag,e ~u,iih Restag.gered S t a t o r s

B A C K  P R O P A G A T E D  FIELDS on the compressor’s c a s i n g

(at upstream rotor blade passing frequency)
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