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Abstract: The exploitation of performance monitoring and fault early warning system based on gas turbine
operating data is conducive to mastering the overall performance of gas turbine, early warning equipment faults
before the measurement point data reaches the alarm threshold, and predicting the trend of efficiency degradation.
The performance monitoring model was developed with zero-code and configuration modeling technology, the early
warning diagnosis models for compressor blade fouling and turbine exhaust temperature anomaly were built with
artificial intelligence and deep learning algorithms, and these models have achieved engineering demonstration
application in a GE 9E heavy-duty gas turbine in Guangdong Province. The results show that, this performance
monitoring model can monitor the key performance parameters of the gas turbine in real time, and the calculation
error is less than 1%, the early warning diagnosis models can monitor the deviation between the actual operating
value and the normal operating value of the compressor outlet pressure and turbine exhaust temperature in real time,
capture the changing trend of the deviation, and realize early warning of faults. The gas turbine performance
monitoring and fault early warning system developed in this paper has a good engineering application effect and
can be further popularized and applied.
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Fig.2 Schematic diagram of gas turbine performance monitoring model
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Fig.3 Changes of performance indexes of the gas turbine
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Tab.3 Calibration of the gas turbine performance
monitoring model
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Fig.4 The early warning diagnosis model of compressor blade fouling
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Fig.5 Validation and analysis results of the early warning diagnosis model for compressor blade fouling
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Fig.6 The early warning diagnosis model for abnormal turbine exhaust temperature
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Fig.7 Validation and analysis results of the early warning diagnosis model for turbine exhaust temperature abnormalities

B TR BARIE: 2020 4F 4 H 23 HE R
BLUE T HE R HARE, HEEE R, i)
AR ZHTINE: O LHRAURHEIAEIHASH
ZHARNE, RIS TR R b A R A s AR
SERUR K ILE T HE R A HARE K . HL IR E

http://rlfd.tpri.com.cn

R ERA IR, HLAT LB AT 4 A H SEPhE TR
T B8 S P T

445 %

D ST ASXEEBAT KA




%5

JIRR A R RE M 5 S 0% R G A % TRE S A 7T 155

HUPEREME AR TR, AT LSt MRS se ML oc s v g
SR, HRESERTH RSN E . 1B PRI
FEAMBCR . BRI RN CR S LR TR R,
THHIRZE/DNT 1%.

2) KM N TR REMIRE % ) BIES B RS
MU Fr 855 R P HE AR 7 TS Wiy, B
FIR AR RS AL S DI RE, TR
V% A SE MR AT R M A R S B A R R AR LI A
AP

3) SEHUR AL A I 5 s T R S
GE 9E MRS SHLH) M TR RENH, IEHZARSR
BRI E T AERRIRS VY &
WS ThRe, v DIIEAFEASEEHLR) . A
PR EFENINLI I — 204 N

(& % 3 #f]

(1] i, xi<48, T, BRAREHLMERE I BT B R
WHFLRA[T]. R EEHLEA, 2017, 30(4): 1-8.

LIU Jiao, LIU Jinfu, YU Daren. A review of performance
monitoring and diagnostics for gas turbine[J]. Gas Turbine
Technology, 2017, 30(4): 1-8.

(2] ZE/ANI, sk BRSEENL TN B 12 W 7 2001 97 2k
JE[]. BAEEHLECAR, 2017, 30(1): 7-10.

WANG Xiaochuan, ZHANG Quanhua. Methodologies
progress of prognosis and diagnosis of gas turbine[J]. Gas
Turbine Technology, 2017, 30(1): 7-10.

[3] Mk, sm&EwE, DEvE. BCS I HLA TR TE L

PR D2 R HBURAE 23 Mr[3]. b AL AR 2
#, 2015, 35(22): 5803-5810.
YANG Cheng, HUANG Zhifeng, MA Xiaogian. Power
and efficiency sensitivity analysis on component
degradation of gas turbine in combined cycle units[J].
Proceedings of the CSEE, 2015, 35(22): 5803-5810.

[4] GONCHAROV V V. The forecast of the development of
the market for gas turbine equipment in the years 2013-
2021(review)[J]. Thermal Engineering, 2013, 60(9):
676-678.

[5] ENGELBERT C, NILSSON M, ARIANE S D, et al. Appli-
cation of a reliability model to gas turbine design[C]//
Proceedings of the ASME Power Conference, 2008.

[6] SLOTTNERP, WARJAM. Knowledge based prognostics
models for gas turbine core components[C]//Proceedigns
of the ASME Turbo Expo: Power for Land, Sea, and Air,
2008: 515-521.

[7] CHOI J H, LEE D. Android-based implementation of
remote monitoring system for industrial gas turbines[J].
The Journal of the Korea Institute of Electronic
Communication Sciences, 2018, 13(2): 369-376.

[8] AYODELEBE, VINCENTE, CLAUDIUS A, et al. Data-
based investigation on the performance of an independent
gas turbine for electricity generation using real power
measurements and other closely related parameters[J].
Science Direct, 2019(26): 2352-34009.

(9] Efbf, TiF, EE, 5 ETHEFIRERIRS
FEML A M R R AL TN O], I RES) ) T2, 2016,
31(3): 50-55.

WANG Weiying, WANG Jianfeng, CUIl Bao, et al.

http://rlfd.tpri.com.cn

Prediction on gas path performance degradation of gas
turbine based on time series model[J]. Journal of
Engineering for Thermal Energy and Power, 2016, 31(3):
50-55.

(100 FRGFTR, Sid, SHUIME, 5 B TYERO AR AL
BRHETIVE JED]. #ARES 71 TR, 2020, 35(9): 36-43.
LIN Xinzhi, FENG Kun, HU Minghui, et al. Early
warning method of gas path fault of gas turbine based on
performance simulation[J]. Journal of Engineering for
Thermal Energy and Power, 2020, 35(9): 36-43.

[11] &5, W7 R, %P, . D-S U EW R HAERS

ARG S W B SR T[], #vREsh i TAE, 2021,
36(9): 228-236.
WEN Guangrui, HUANG Ziling, ZHANG Ping, et al. D-
S evidence theory and its application in gas turbine system
diagnosis[J]. Journal of Engineering for Thermal Energy
and Power, 2021, 36(9): 228-236.

[12] v B 2. FE T B3 B R R HIL B e 12 W
Ft[D]. dbat: JEHEKEE, 2013: 1.

PU Xingxing. Research on model-based fault diagnosis of
heavy-duty gas turbine gas circuit[D]. Beijing: Tsinghua
University, 2013: 1.

[13] Ei, BRWF, okl % BTRASEMRIIHLHEE

LR G AT (3], b AT K AR Rk, 2009,
43(2): 283-287.
XIA Di, CHEN Jiao, WANG Yonghong, et al. Test rig for
performance analysis based gas turbine diagnosis[J].
Journal of Shanghai Jiaotong University, 2009, 43(2):
283-287.

[14] 5KZ, &M, ket & —METIHETREIRS

R UL RE BE G2 W T E 3], Bl ) TR 544k, 2015,
35(10): 805-809.
ZHANG Meng, ZHOU Dengji, ZHANG Huisheng, et al.
A method to diagnose the performance degradation of a
gas turbine based on transient process[J]. Journal of
Chinese Society of Power Engineering, 2015, 35(10):
805-809.

[15] BB, PR, sk, 45 FT Sigma i R/R 20

BRI TR BR R 2 T [3]. i S8 i8 K 24k,
2016, 362(4): 54-59.
HUANG Yikun, CHEN Meishan, ZHANG Huisheng, et
al. Gas path diagnosis based on Sigma point Kalman filter
of gas turbine[J]. Journal of Shanghai Jiaotong University,
2016, 362(4): 54-59.

[16] Whekid, Brefh, kel 5 TR N IR

oML RS W 7 T R[], Bvresh ) LR, 2021,
36(9): 221-227.
YAO Qinbo, CHEN Jinwei, ZHANG Huisheng, et al.
Study on fault diagnosis method of gas turbine based on
attention mechanism[J]. Journal of Engineering for
Thermal Energy and Power, 2021, 36(9): 221-227.

(171 Singfe, Zeuifld, esthe, &5 JETHOUBR AR5

HURER B TS Wt 43R (3], o I FE L AR 2,
2019, 39(3): 105-117.
YING Yulong, LI Jingchao, PANG Jinglong, et al. Review
of gas turbine gas-path fault diagnosis and prognosis
based on thermodynamic model[J]. Proceedings of the
CSEE, 2019, 39(3): 105-117.

(18] WK, BER. MAURI SRS AR LGRS
RE[). RieHLER, 2010, 52(1): 6-8.

XIE Chunling, DAI Jingmin. The research overview and
prospects of gas turbine fault diagnosis technique[J].
Turbine Technology, 2010, 52(1): 6-8.

(TfEgmtE  »Kk3%)




