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Study on Fault Diagnostics of a Turboprop Engine Using
Fuzzy Logic and BBNN

Changduk Kong* - Semyung Lim* - Keonwoo Kim*

ABSTRACT

The UAV(Unmanned Aerial Vehicle) which is remotely operating with long endurance in high
altitude must have a very reliable propulsion system. The precise fault diagnostic system of the
turboprop engine as a propulsion system of this type UAV can promote reliability and
availability.

This work proposes a diagnostic method which can identify the faulted components from
engine measuring parameter changes using Fuzzy Logic and quantify its faults from the
identified fault pattern using Neural Network Algorithms. It is found by evaluation examples that
the proposed diagnostic method can detect well not only single type faults but also multiple type

faults.
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Fig. 1 Flow of proposed diagnostic system
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Fig. 3 a : Compressor Subsystem module, b : Base
performance simulation program using
SIMULINK
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Table 2 Fault patterns of components

FP 1 Compressor fouling

FP 2 Gas generator turbine erosion

FP 3 Power turbine erosion

P 4 Compressor fouling & gas
generator turbine erosion

P 5 Compressor fouling & Power
turbine erosion

FP 6 Gas generator turbine erosion &
Power turbine erosion
Compressor fouling & Gas

FP 7 generator turbine erosion &
Power turbine erosion
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Table 3 Trend of measuring performance parameters

ITT EGT WEF Torque
FP 1 + + ++ +
FP 2 + + +4++ +
FP 3 - + - -
FP 4 ++ ++ +++ ++
FP 5 ++ ++ ++ +
FP 6 ++ ++ +4++ +
FP 7 +++ +++ +4++ +
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Fig. 6 Back Propagation algorithms for training Neural
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Table 4 Performance degradation rate of components

co co GT GT PT PT

MA EF MA EF MA EF
1 -5 -3 0 0 0 0
2 0 0 5 -3 0 0
3 0 0 0 0 5 -3
4 -4 -2 4 -2 0 0
5 -4 -2 0 0 4 -2
6 0 0 4 -2 4 -2
7 -5 -5 5 -5 4 -4

Table 5 Measuring parameter changes(%)

ITT EGT MF Torque
1 7.435 8.067 8.571 2.446
2 7.817 7.027 | 14367 | 8.231
3 -3.051 | -0.933 | -4408 | -6.078
4 14.385 | 14.072 | 21.714 | 10.588
5 5.196 7.226 5.959 -0.762
6 5.463 6.372 | 10531 | 3.643
7 19.986 | 21.518 | 27.755 | 10.456




Table 6 Isolated component faults by Fuzzy Logic

FP

case

1 0.51 | 0.091 | 0.089 | 0.087 | 0.431 | 0.263 | 0.092

2 0.47 | 0.586 | 0.089 | 0.087 | 0.092 | 0.454 | 0.092

3 0.098 | 0.091 | 0.688 | 0.087 | 0.092 | 0.085 | 0.092

4 0.098 | 0.414 | 0.089 | 0.570 | 0.092 | 0.085 | 0.434

5 0.401 | 0.091 | 0.207 | 0.087 | 0.568 | 0.085 | 0.092

6 0.430 | 0.091 | 0.228 | 0.087 | 0.280 | 0.527 | 0.092

7 0.453 | 0.270 | 0.089 | 0.453 | 0.280 | 0.473 | 0.566
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