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The problem of gas turbines fault diagnosis
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High-by-Pass ratio, partially mixed, turbofan engine used as a test case
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The problem of gas turbines fault diagnosis
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on corresponding health parameters
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The method of BBN
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The method of BBN for Gas Turbine fault diagnosis
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The method of PNN for Gas Turbine fault diagnosis
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Basic Principles of Dempster-Schafer theory
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Transformation of probabilities
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Method Implementation on a turbofan engine
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15 benchmark fault cases have been examined.
Overall, the use of D-S fusion led to an improvement of diagnosis
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Method Implementation on a turbofan engine
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‘b’ fault case: Both BBN and PNN methods detect correctly the existing faulit.

Fusion with D-S also leads to a correct diagnosis.
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Method Implementation on a turbofan engine
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Significantly deviated parameters
‘h’ fault case: Only the BBN method detects correctly the existing faulit.

Fusion with D-S leads to a correct diagnosis.
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Examined Faults: Radial Compressor
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Examined Faults: Axial Compressor
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. Fault 3: Severe Rotor Blade Fault
. Fault 4: Severe Stator Fault

Fault 3

FUSION OF GAS TURBINES DIAGNOSTIC INFERENCE — THE DEMPSTER-SCHAFER APPROACH
Proceedings of ASME TURBO EXPO ’07, May 14-17, 2007, Montreal, Canada

23



LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

FAULT SIGNATURE
(vector X)

(vector X) (vector X)

(vector X

DIAGNOSTIC
METHOD

DIAGNOSTIC
METHOD S

DIAGNOSTIC
METHOD

DIAGNOSTIC
METHOD

‘/@Dn

Input Pattern

vector D4 vector E4

Input Pattern

QgeN Qpnn
BBN-fusion PNN-fusion
Probabilities/ Y Probabilities/

masses masses
Dempster-Schafer

Theory

Combined
masses

Diagnostic
Conclusion

General overview of

the proposed

method for fast response

-BBN network
-PNN network

data

— appropriately modified

FUSION OF GAS TURBINES DIAGNOSTIC INFERENCE - THE DEMPSTER-SCHAFER APPROACH

Proceedings of ASME TURBO EXPO ’07, May 14-17, 2007, Montreal, Canada

24



LABORATORY OF THERMAL TURBOMACHINES
NATIONAL TECHNICAL UNIVERSITY OF ATHENS

Method Implementation on fast response data
(radial and axial compressor)

Number of incorrect classifications
Test-
. Instruments
rigs
BBN-fusion PNN-fusion D-S
Radial Microphones 2/24 1/24 1/24
Axial ACC1 1/16 1/16
-//- ACC2 0/16 0/16 0/16
-//- ACC3 0/16 0/16 0/16
-//- PT-2 0/16 1/16 0/16
-//- Mic-1 0/16 0/16 0/16
test-cases of incorrect classification/total test-cases
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Method Implementation on fast response data (radial)
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Test case 2: Only the PNN-fusion method detects correctly the existing fault.

Fusion with D-S leads to a correct diagnosis.
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Method Implementation on fast response data (axial)

COPNN-fusion B BBN-fusion ED-S BACTUAL

1

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.9 - eeeooboooooo

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

R P T

e

0.6 - mmeeooohooooooo

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.5 -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.4 oo eeeobooooooo

Probabilities/Mass

0.3 1

0.2 - b

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0.1 f

SEVERE ROTOR SLIGHT ROTOR SEVERE ROTOR SEVERE STATOR
FOULING BLADE FAULT BLADE FAULT FAULT

Test case 7: Only the BBN-fusion method detects correctly the existing faulit.

Fusion with D-S leads to a correct diagnosis.
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Summary - Conclusions

* A diagnostic procedure combining two individual methods and a fusion
technique has been presented. The method combines the output probabilities of
a BBN and a PNN through the principles of Dempster-Schafer theory.

* The case of a turbofan engine has been examined. In that case the proposed
method has been applied for the diagnosis of 15 benchmark fault cases from
aerothermodynamic data.

* The case of an axial and a radial compressor has also been examined. In both
compressors the proposed method has been applied for the diagnosis of
mechanical faults from fast response data.

* In all examined cases, fusion of the results of individual methods led to an

improvement of diagnosis
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