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A Study on Fuzzy Trend Monitoring Method for Fault
Detection of Gas Turbine Engine
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ABSTRACT

This work proposes a fuzzy trend monitoring method for the fault detection of a gas turbine engine
through analyzing measured performance data trend. The proposed trend monitoring technique can
diagnose the engine status by monitoring major engine measured parameters such as fuel flow rate,
exhaust gas temperature, rotor rotational speed and vibration, and then analyzing their time
deppendent changes. In order to perform this, firstly the measured engine performance data variation

is formulated using Linear Regression, and then faults are isolated and identified using fuzzy logic.
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Fig. 4 Fuzzy Inference System for Turbofan
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Table 1. Trend Slope of Monitoring Data using Linear Regression Analysis
Vib_ Vib_
ANg AEGT ANp AFF front rear
Bleed
-0.0208 3.2479 0.0817 18.4233 0 0
Duct
Compressor -0.0031 0.1898 0.0008 9.6802 0 0
Combustor -0.0533 1.0948 -0.0651 5.4163 0.0055 0.0089
Nozzle GV -0.0331 0.9785 -0.0510 -4.2717 0.0182 0.0179
Turbine Case -0.0015 0.2327 -0.0414 3.9566 0.0131 -0.0072
Bearing 0.0116 0.1682 -0.0297 -0.4566 -0.0046 -0.0187
Exhaust
-0.0429 0.1966 0.0202 0.0527 0 0
System
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- APEH 3 (Ng) Table 3. Trend Analysis of Instrument Data
- w717k % (EGT)
. s Da Slope ()
- A4=EH 3 HS4 (Np) trument Data A 5
- AEAE (FF) Ng 002 005
- A% 254 (Vib_f
e Lo (Vb EGT 302 01
- 3 AFSF (Vib_r)
Np 0.08 -0.03
¢ WiE OO Table 28 2o 77449 & FF 16.03 -1.03
& ddoltk Vib_f 0.02 -0.005
Vib_r 0.02 -0.01
Table 2. The Cases of Engine Fault State
Case 1 | Cracked bleed duct Table 4. The Results of Trend Monitoring using
Fuzzy
Case 2 | Compressor contamination A B
Case 3 | Deformed combustion chamber Case 1 0.905 0.250
Case 2 0.750 0.108
Case 4 | Nozzle guide vane failure 3 0500 0108
Case 5 | Turbine case separation Case 4 0.09 0.75
Case 5 0.095 0.500
Case 6 | Bearing failure
Case 6 0.095 0.893
Case 7 | EGT instrumentation system error Case 7 0.500 0.107
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