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Typical fault warning method of gas turbine compressor combining
thermodynamic model with artificial neural network

XIE Yuesheng, WAN Zhentian, LI Junkun

(Shanghai Power Equipment Research Institute Co., Ltd., Shanghai 200240, China)

Abstract: In order to realize compressor blade fouling and surge faults early warning, a typical fault warning
method of gas turbine compressor combining thermodynamic model with artificial neural network was proposed.
The simulation model of gas turbine thermodynamic performance was built according to the modularization idea,
and the dynamic calibration of the model was completed by using the actual operation data of the gas turbine to
form a high-precision gas turbine performance analysis model, and the key indicators such as exhaust flow rate,
turbine front temperature and heat consumption can be calculated. Based on the thermal performance simulation
model and combined with the compressor typical faults expert experience and professional knowledge, the main
characteristic parameters affecting compressor faults were determined, and the compressor blade fouling and
surge warning models were abstracted. The historical health data were selected to train the models using the
artificial neural network algorithm to obtain the deviation curve, and the early warning of typical compressor
faults can be realized by monitoring the deviation changes between the predicted value and the measured value of
the early warning model, the example to verify the validity of the measured data of a GE 9F gas turbine
compressor was given. The results showed that the method can accurately capture the compressor blade fouling
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and surge faults, and improve the warning time window compared with the traditional threshold alarm method.
The research achievement can be directly deployed in the gas turbine power plant and provide real-time guidance
for operation and maintenance personnel to make overhaul and maintenance decisions

Key words: gas turbine; compressor; performance simulation; artificial neural network; fault warning
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Fig.1 Schematic diagram of modular component division for thermodynamic performance model of gas turbine
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Fig.2 Schematic diagram of compressor fault warning

principle
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Fig.4 Schematic diagram of compressor blade fouling
warning model
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Tab.2 Main input parameters of the performance calculation model

B, Z B A N B OKRZE N BAE 2023 424 A 2 H
18:54:46, ARNAETIIEA 13.358 1 kgls, BAEHR
BB N 13.458 3 kgls, THHELXT1RZEN 0.74%.

TiH POST-BLYWIH{H ~ POST-IGV=70.3"Wf{H  POST-IGV=68.0°Jll#f  POST-IGV=65.9 i f{f
SR ELE /MW 257.497 219.475 211.569 204.647
¥ 0.9740 0.9475 0.9535 0.940 1
WL F1/Pa 101 911.40 101 945.88 101 897.61 101 945.88
FESHUN R FE (% 98.8 90.7 924 90.6
FEAPN A LRI C 228 24.7 253 253
FEAHA LGSR (20 C) /Pa 662.9 528.3 515.6 497.8
RS H % 7/Pa 1524 499.7 1330 826.0 1298 075.9 1269 117.9
EAMLH DR EEC 407.1 385.4 382.7 379.3
HA S (20 C) [Pa 2578.1 1816.1 1658.6 1577.3
HEIREEC 616.8 622.6 622.6 622.2
HSJE S (20 °C) IPa 2611.1 19482 1800.9 1712.0
WREHVE (LHV) /(K kg?) 49 381 49 381 49381 49 381
(DPOST-BL JyH: A A 4if Tt
@POST-IGV=70.3 2}y IGV /¥ 70.3°L#%..
(®POST-IGV=68.0 2}y IGV ffi/¥ 68.0°L#.
@POST-IGV=65.9 4 IGV # ¥ 65.9°T...
RT3 MEITEERBEEFEITRELER
Tab.3 Main results of the performance calculation model
TN IiH FRRHTT B i (kg hY) BHLIAFERI(KI (KW h) 1) Hesnii(kgst) B PEEEEIC
MHERGRIGE 50 083.38 9604.17 634.87
POST-BL iHEAE 50 083.25 9583.07 634.71 1254.91
2% 0.000 272 0.219 708 0.025 721
PEREIRIAE 44 053.72 9912.25 564.68
POST-IGV=70.3 THEAE 43 969.53 9892.84 563.23 1228.00
WZE1% 0.191 103 0.195 849 0.257 049
PERERIE 42894.87 10011.42 552.94
POST-IGV=68.0 iH5AE 42801.70 9 989.90 551.61 1220.70
2% 0.217 204 0.214 986 0.239 537
PRI AE 41880.89 10105.32 542.83
POST-IGV=65.9 THEAY 41766.67 10 078.10 541.63 1213.50
i 2% 0.272 717 0.269 367 0.220 599
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Fig.6 Comparison between the calculated fuel flow value and the measured value during actual operation
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Fig.7 Analysis result of the compressor blade fouling warning model
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Fig.8 Analysis result of the compressor surge warning model
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