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Summary 
The on-line condition monitoring of turbomachinery blades is of utmost importance to 
ensure the long term health and availability of such machines and as such has been an 
area of study since the late 1960s.  As a result a number of on-line blade vibration 
measurement techniques are available, each with its own associated advantages and 
shortcomings.  In general, on-blade sensor measurement techniques suffer from 
sensor lifespan, whereas non-contact techniques usually have measurement bandwidth 
limitations.  One non-contact measurement technique that yields improvements in the 
area of measurement bandwidth is laser Doppler vibrometry.   
 
This thesis presents results and findings from utilizing laser Doppler vibrometry in an 
Eulerian fashion (i.e. a fixed reference frame) to measure on-line blade vibrations in 
axial-flow turbomachinery.  With this measurement approach, the laser beam is 
focussed at a fixed point in space and measurements are available for the periods 
during which each blade sweeps through the beam.  The characteristics of the 
measurement technique are studied analytically with an Euler-Bernoulli cantilever 
beam and experimental verification is performed.  An approach for the numerical 
simulation of the measurement technique is then presented. 
 
Associated with the presented measurement technique are the short periods during 
which each blade is exposed to the laser beam.  This characteristic yields traditional 
frequency domain signal processing techniques unsuitable for providing useful blade 
health indicators.  To obtain frequency domain information from such short signals, it 
is necessary to employ non-standard signal processing techniques such as non-
harmonic Fourier analysis.   
 

 
 
 



Summary 

 iii

Results from experimental testing on a single-blade test rotor at a single rotor speed 
are presented in the form of phase angle trends obtained with non-harmonic Fourier 
analysis.  Considering the maximum of absolute unwrapped phase angle trends 
around various reference frequencies, good indicators of blade health deterioration 
were obtained.  These indicators were verified numerically. 
 
To extend the application of this condition monitoring approach, measurements were 
repeated on a five-blade test rotor at four different rotor speeds.  Various damage 
cases were considered as well as different ELDV measurement positions.  Using 
statistical parameters of the abovementioned indicators as well as time domain 
parameters, it is shown that with this condition monitoring approach, blade damage 
can successfully be identified and quantified with the aid of artificial neural networks. 
 
Keyterms: Laser Doppler vibrometry, Eulerian measurements, Lagrangian 
measurements, on-line blade vibration, condition monitoring, non-harmonic Fourier 
analysis, phase angle trends, finite element modelling, artificial neural networks.
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Opsomming 
Die operasionele toestandsmonitering van turbomasjinerie lemme is van uiterste 
belang met betrekking tot die langtermyn integriteit en beskikbaarheid van hierdie 
masjiene en is ’n gebied wat al sedert die laat 1960’s bestudeer word.  Gevolglik is 
daar ’n aantal operasionele lemvibrasie meettegnieke beskikbaar, elk met sy eie sterk- 
en swakpunte.  In die algemeen word sensors wat direk op die lemme geïnstalleer 
word, hoofsaaklik beperk deur sensorleeftyd.  Nie-kontak tegnieke aan die ander kant, 
het gewoonlik meetbandwydte beperkings.  ’n Nie-kontak meettegniek wat 
verbeterings bied op die gebied van meetbandwydte, is laser Doppler vibrometrie. 
 
Hierdie proefskrif bied resultate en bevindings aan ten opsigte van die 
implementering van laser Doppler vibrometrie in ’n Euler verwysingsraamwerk, ten 
einde operasionele lemvibrasies te meet op aksiaalvloei turbomasjinerie.  Met hierdie 
meetbenadering word die laserstraal gefokus op ’n vaste ruimtelike punt en is metings 
dan beskikbaar vir die periodes waartydens elke lem deur die laserstraal beweeg.  Die 
eienskappe van die meettegniek word analities bestudeer met behulp van ’n Euler-
Bernoulli kantelbalk waarna eksperimentele verifiëring uitgevoer word.  ’n Metode 
om die meettegniek numeries te simuleer word dan aangebied. 
 
Gepaardgaande met hierdie meettegniek is die kort periodes waartydens elke lem 
blootgestel word aan die laserstraal.  Tradisionele seinprosesseringstegnieke is as 
gevolg daarvan nie geskik om bruikbare lemtoestandsaanwysers te lewer nie.  Om 
frekwensiedomein inligting vanaf sulke kort seine te kry, is dit nodig om van nie-
standaard seinprosesseringstegnieke soos nie-harmoniese Fourier analise gebruik te 
maak. 
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Resultate vanaf eksperimentele toetse op ’n enkellem toetsrotor by ’n vaste rotorspoed 
word aangebied in die vorm van fasehoek grafieke wat verkry is deur nie-harmoniese 
Fourier analise.  Deur die maksimum van die absolute van ontvoude fasehoek 
grafieke te evalueer, word goeie aanduiders van lemtoestandsverswakking verkry.  
Die resultate word numeries geverifiëer. 
 
Om hierdie toestandsmoniteringtegniek verder te verifiëer, word die metings herhaal 
op ’n vyf-lem toetsrotor teen verskillende rotasiesnelhede.  Verskeie lemskade gevalle 
word beskou so wel as verskillende Euler meetposisies.  Deur statistiese 
karakteristieke van die bogenoemde aanduiders asook tyddomein aanduiders te 
evalueer, word dit bewys dat met hierdie toestandsmoniteringtegniek lemskade 
suksesvol geïdentifiseer en gekwantifiseer kan word deur gebruik te maak van 
kunsmatige neurale netwerke. 
 
Sleutelterme: Laser Doppler vibrometrie, Euler metings, Lagrange metings, 
operasionele lemvibrasie, toestandsmonitering, nie-harmoniese Fourier analise, 
fasehoek grafieke, eindige element modellering, kunsmatige neurale netwerke. 
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