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CONDITION MONITORING OF RADIAL
COMPRESSORS

F Techniquesusually employed for axial compressors.
Based on:
* Aerothermodynamic measur ements.

-Over all condition assessment
-l dentification of faults affecting perfor mance.

" Fast response measur ements.

-Faults either related only to mechanical parts or to
small faults of the gas path components.
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THE PRESENT WORK

F Monitoring techniques based on fast response
measur ements.

F Purposes.

-To improve the understanding of the behaviour of
dynamic quantitiesin relation to oper ating conditions of
aradial compressor.

-To examine possibilities of fault diagnosis and establish
related basdline information.



LAB. OF THERMAL TURBOMACHINES 96-GT-102 4

RADIAL COMPRESSOR FAULT
IDENTIFICATION USING DYNAMIC
MEASUREMENT DATA

F Compressor Layout, measurements.
F Experimental procedure.
F Power spectra calculation.
-Dependence on oper ating conditions.
F Spectral differencesand fault signatures.
-Dependence on oper ating conditions.
-Specific measur ements sengitivity to particular faults.
F Transfer function calculation.
F Fault signaturesin transfer function.

 Discussion and Conclusions.
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TEST COMPRESSOR
INSTRUMENTSLOCATION

14 Vanesimpeller, 11 vanes diffuser

V1. Scrall vibration.

V2: Compressor inlet casing vertical vibration.
V3: Compressor inlet casing horizontal vibration.
V4: Diffuser vibration.

P1. Impeller unsteady pressure.

P2: Diffuser unsteady pressure.

Ap: Acoustic pressure.
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EXPERIMENTAL PROCEDURE

F Measurementsin initial intact condition.

F Introduction of mechanical alterations.
- Inlet obstruction.
- Diffuser obstruction.
- Tip clearance variation.

- Impédler fouling.

F Measurementsin new altered condition.

F Measurementsfor verification of restoration of
initial condition.
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OPERATING POINTS
FOR THE EXPERIMENTS
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FORM OF SPECTRA FROM DIFFERENT
INSTRUMENTSAND CONDITIONS

Healthy Diffuser fault
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DEPENDENCE ON OPERATING CONDITION
Spectra from impeller accelerometer

Healthy Diffuser fault
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F Form of spectra preserved over parts of the performance
characterigtic.

F Difference in the form of spectra between the first and
second region.

F Entering the third region leads to a reduction of the
second harmonic and an increase of thefirst one.
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DEPENDENCE ON OPERATING CONDITION

Different behaviour from
Unsteady pressure - microphone
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F Spectra keep the same shape but a change in the
amplitude of the harmonicsis observed.
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FAULT SIGNATURES (Spectral differences)

Scroll accelerometer

T Signature for FAULT-F V1

1Seroll Accelerometer

-a
[~
" |

| mpeller
Fouling

LOG(psd)
2

A
L

1
& L L

1Signature for FAULT-D Vi
:Sc'rou Accelerometer

Diffuser
Fault

LOG(psd)
PR

L
S S

=20 LI N N N N N B L N B B N N N N B Y L O N O B LN N Y N B B I B B |

0 5 10 15 20 25 30 35 40 45 50
Rotor orders

F Fault-F: small changesin the form.

F Fault-D: Form preserved. small changes in the
amplitudes of the har monics.
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FAULT SIGNATURES (Spectral differences)

|mpeller accelerometers
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F Fault T,U: Produce the same difference pattern (smaller
magnitude for the smaller clearance).

F Fault D: A unique signaturefor each region.
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FAULT SIGNATURES (Spectral differences)

Diffuser accelerometer
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F Fault T,U,F. sgnatures independent from operating
point.

F Fault D: A unique signaturefor each region.
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FAULT SIGNATURES (Spectral differences)

|mpeller and Diffuser pressuretransducer
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FAULT SIGNATURES (Spectral differences)
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F Fault signatures with well defined patterns which have
different forms (the ability to distinguish between the faults
exists).
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DEPENDENCE OF TRANSFER FUNCTION
ON OPERATING CONDITION
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F Thereisadgnificant dependence on operating point. This
situation still remains even if we use multiple input.

V2: Compressor inlet casing vertical vibration.
V3: Compressor inlet casing horizontal vibration.
V4: Diffuser vibration.

P1. Impeller unsteady pressure.
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DEPENDENCE OF TRANSFER FUNCTION
ON OPERATING CONDITION
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F The smple input case is stable with operating point,
which further improvesif we use multiple input.

V2: Compressor inlet casing vertical vibration.
V3: Compressor inlet casing horizontal vibration.
V4: Diffuser vibration.

P1. Impeller unsteady pressure.
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FAULT SIGNATURES
(Transfer function differ ences)

Multipleinput case V4,V2,V3--P1
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FAULT SIGNATURES
(Transfer function differ ences)

Multipleinput case V4,V2,V3--P1
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F Fault sgnatures with well defined patterns which are
distinguishable from one fault to another .
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DISCUSSION AND CONCLUSIONS

F The spectral composition of signals depends on operating
condition.

-Care must be taken to obtain data at corresponding
points.

F The divison of the performance curve into different
ranges allowsa grouping of the signatures.

-More than one reference signature should be used for
fault identification.

F Accderometers and microphones seem to provide more
infor mation than unsteady pressuretransducers.

-Certain locations seem to be mor e suitable than others.

F Monitoring of a radial compressor seems to be more
complicated than the sametask for an axial one.

F By the choice of appropriate instruments, processing
technique and way of organizing the information, fault
signatur es can be derived.

F Minor faults which do not disturb compressor operation
dgnificantly can be possibly detected by fast response
measur ements.



