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. . . This paper proposes a fault detection algorithm for a turbojet engine
Fault diagnosis and prognostics .
Fault classification baged on_a_self—organlzmg ne_u_ral netwc_)rk that uses the clustered data.
Neural network This training method speuﬂqs the independent clusters of_d_ata
Turbojet engine through support vector machine (SVM) and makes the training
process more efficient. A two-layer feedforward neural network
identifies the fault patterns, and an SVM technique classifies them.
The results on health, corrosion, erosion, fouling, and fuel nozzle
faults from a validated thermodynamic model of the J85 engine show
the capability of the proposed method in performance diagnostics. In
addition, despite the significant reduction in the training data, the
accuracy of fault detection has decreased from 99.8 to 97.7 which is
satisfactory.
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1. Prognostic Health Monitoring
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Table 1. Faults and consequences on health parameters [1].

Health parameters
Faults
AMF An
Erosion T l
Corrosion T -
Fouling l l
Fault in the fuel system - l
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Table 2. FMEA analysis for the J85 engine.

omponent-
. Sy Effects on GT
Section Fault modes level
performance
symptoms
-Decrease in
pressure ratio
-Increase of
"LOSS O.f EGT fora
-Comp.ressor 1sent.r0plc given load
fouling efficiency
Blade/van | Reduction of| 0> O
-Blade/van |-Reduction o
compressor ; . power
erosion flow capacity
| . ¢ -Loss of
-Comprs:ssor -E fzvatlon 0 thrust
corrosion discharge ;
temperature -Increase o
. heat rate
-Reduction of
surge margine
-Increase of
-Drop in EGT for a
. effectiveness | 8'Ve! load
Combustion -(cllorrosll(c?n of cooling air | -Loss of
and crackin
chamber . g -Loss of power
of liners
combustor -Loss of
efficiency thrust
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Low fouling 4 4
Middle fouling -6 -6
Heavy fouling -8 -8
Plenty fouling -10 -10

Turbine blades erosion

Percentage Percentage Percentage

changes in changes in changes in

turbine mass efficiency turbine mass

flow isentropic flow
Very little 2 2
erosion

Low erosion 4 4
Middle erosion -6 6
Heavy erosion -8 8
Plenty erosion -10 10

Turbine corrosion

Percentage changes in turbine mass flow

2
4
6
8
10
Malfunction of fuel delivery system
Intensity of defects burner p/p
Percentage
changes in
Very little 2
Low 4
Middle 6
Heavy -8
Plenty -10

-Variation of

-Variation in EGT
-Clogging of | fuel flow rate | -Non-uniform
fuel injectors | -Delayed or EGT profile
-Malfunction| incomplete -Loss of
of fuel combustion power
delivery -Loss of -Loss of
system combustor thrust
efficiency | _pcrease of
heat rate
-Increase of
) EGT fora
-Drop in given load
turbine
. -Loss of
pressure ratio power
-Turbine -Increase of ¢
erosion mass flow -Loss o
. thrust
capacity
-I f
Loss of ncrease o
. . heat rate
1sentropic
efficiency | -Increase of
mass flow
Turbine rate
-Drop in
turbine -Increase of
pressure ratio | EGT for a
—Turl?ine _Decrease in | given load
fouling mass flow -Loss of
-Turbine capacity power
corrosion -Loss of -Loss of
isentropic thrust
efficiency | _pecrease of

-Reduction of
surge margine

heat rate
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Table 3. Intensity of defects in the J85 engine.
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Compressor blade fouling
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Intensity of Percentage Percentage
defects changes in changes in
efficiency compressor
isentropic mass flow
Very little 2 2
fouling
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Combustion chamber efficiency %99.5
Fuel type Jet-A

Turbine efficiency 0.88

Shaft mechanical efficiency 0.99
Thrust (kN) 14.392
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Table 5. Validation of results at zero altitude and zero mach.

GasTurb | Simulink
Parameter | Error(percentage) model | model
Inlet air mass
flow rate (kg/s) 0 199 19:9
(ST 0.51 542.10 | 547.33
temperature(K)
Compressor
—— 0.57 701.169 | 705.2
Compressor 0 0.825 | 0.825
efficiency
Turbine outlet |, | 268.561 | 271.725
pressure(kPa)
Tubine outlet | 1016.14 | 1033.85
temperature(K)
Turbine 0.34 0.88 | 0.877
efficiency
Thrust (kN ) 0.71 14.47 14.574

oIN Eladas g syt Vv gl )3 L otwdons =5 Jgda

Table 6. Validation at 1000 meters altitude and Mach number 0.8.

Parameter Frror | GasTurb | Simulink
(%) model model
Inlet air mass flow 0.88 8.945 9.024
rate (kg/s)
Compressor 0.50 | 508.86 506.30
temperature(K)
Compressor 0.90 | 319.188 316.287
pressure (kPa)
Compressor 1.68 0.7824 0.7956
efficiency
Turbine outlet 0.85 122.22 121.175
pressure(kPa)
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Table 4. Engine design point specifications.

Parameter Engine J85
Inlet air mass flow rate (kg/s ) 19.9
Engine speed at design point (RPM) 16540
Compressor efficiency %82.5
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Turbine outlet | oo | 3¢5 | 101017
temperature(K)
e 140 | 0.8668 0.879
efficiency
Thrust (kN) 2.85 5.68 5518
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Table 7. Deviations in engine parameters for different speeds due to corrosion at MF = 0.2045.

N nr T3 P3 T5 Thrust velocity MF; % State
14639 0.878 0.489 49.73 0.800 8.452 0.513 1 Clean
14550 0.876 0.485 48.33 0.805 8.392 0.514 1.02 Very low
14460 0.875 0.480 47.01 0.810 8.333 0.515 1.04 Low
14366 0.873 0.476 45.74 0.814 8.255 0.516 1.06 Med
14264 0.871 0.472 44.49 0.819 8.219 0.516 1.08 High
14156 0.868 0.4679 43.28 0.826 8.157 0.515 1.10 Very high
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Fig. 3. Turbine efficiency changes in corrosion intensities in the
turbine of the J85 engine.
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1. Neurons
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Fig. 7. Confusion matrix of the classifier neural network for
1480 data and 20 neurons before clustering the data bank.
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Fig. 8. Confusion matrix of the classifier neural network for
305 data and 20 neurons after clustering the database.

g 030lojludgd uas &b L gy jeise as (ololid g ganaib

'
) “ ‘
.
1 ‘
‘ '

'
‘ ' '

’

SOM diges slanysjl —F JSu

Fig. 6. Sample SOM visits.
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Table 8- Accuracy comparison for clustered neural network
with non-clustered dataset.

Count data and Network
neurons accuracy
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Fig. 9. Parallel coordinate diagram of the classifier neural

network for 1480 data and 20 neurons before database
clustering.
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Fig. 10. Parallel coordinate diagram of the classifier neural

network for 305 data and 20 neurons after database
clustering.
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