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Fault diagnosis method of exhaust temperature exceeding limit of piston
hydrogen compressor
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Abstract: In response to the difficulty in accurately describing the fault diagnosis of exhaust temperature exceeding the limit of a piston type
hydrogen compressor using traditional two-state fault diagnosis at each stage, and the lack of application of a fault diagnosis system that could
finish self-diagnose for diagnosing the exhaust temperature exceeding the limit, the DW- (5.6-13)/(0.2-0.5)-20 oil-free variable frequency
piston type hydrogen compressor was taken as the research object, the importance of relevant components were analyzed, and a fault self-
diagnosis system was designed. Firstly, the corresponding fuzzy Takagi-Sugeno (T-S) fault tree analysis model was built for the fault, and
the T-S fault tree analysis method based on Bayesian network was used to analyze the importance of the bottom event to determine the weak
links and the diagnosis sequence of faulty parts. Then, the fuzzy number was used to represent the fault status of the parts, and it was
brought into the T-S fault tree analysis algorithm based on Bayesian-network ( BN) to predict the occurrence probability of the primary
exhaust temperature overrun fault. Finally, a rule-based fault diagnosis expert system was designed to infer and troubleshoot the fault causes
of the instance. The research results indicate that after analyzing existing fault data, the rule-based fault diagnosis expert system’s diagnosis

results are consistent with the facts, indicating that the system can accurately diagnose the cause of the fault and achieve self-diagnosis. At
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the same time, combining with the T-S fault tree analysis method based on BN, the system can also realize the prediction of the probability of

top event failure, which provides a feasible scheme for the fault diagnosis of the piston hydrogen compressor.

Key words: fault diagnosis; exhaust temperature of piston hydrogen compressor; T-S fault tree model; expert system; Bayesian network (BN)
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Fig.2 Transition from T-S fault tree analysis to Bayesian

network
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27 1 1 1 0 0 1
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Table 6 Expert rules for fault diagnosis of primary exhaust

temperature exceeding limits
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Table 8  Probability and importance of bottom events
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Table 9 Key importance of bottom events
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Table 10 Membership degree of different fault states

corresponding to elementary event
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X, 0.93 0.07 0
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X, 0.73 0.27 0
Xy 1 0 0
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Table 11  Fuzzy failure rate of event occurrence
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Table 12 Record of first test run
Fisf ] () EJ1/MPa
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Fig. 6 Diagnosis results of test run data
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Table 13 Subsequent test run records
s [a] (%) JE71/MPa
R AR YRR SO R ERER mRARURS BRI R WRAUKIER
0.03 0.1 0.3 0.82 2 0.64 - - 0.62 0.68 0.2
13:00 IR/ C
— ik ik =it Py ik — 1 —HE =4 Ui RAGRE HKIREE
23 30 33 41 77 86 127 125 33 27
(%) K J1/MPa
R AR YRR SO R BERER mARUR BRI TEEhE WAUKIE
0.032 0.09 0.3 0.79 1.93 0.59 - - 0.6 0.75 0.2
17:00 B/ C
— it ik =i tFsis —HE —HE = POHE  ERAGREE HUKIREE
24 30 33 38 72 82 127 122 33 27
1999,19(4) .51-53.
4 LRIE (3] ki . £ 50k TR 40 BLE 2 Mo AR SE 0T (9. 18
- _ R ,2022,29(2) :243-244.
EAMHE R AL DW-(5. 6-13)/(0.20.5)- LU Zhi-guo. Application of online monitoring system for
20 BTG v AR A 1 2 SR AL — SRR reciprocating compressors [ J ]. Petrochemical Technology,
R PR AR BT T AH SR R A B M R F 12 2022,29(2) :243-244.
Wr R T [4] SONG H, ZHANG H Y, CHAN C W. Fuzzy fault tree
WER L SR analysis based on T-S model with application to INS/GPS
1 )j’%ﬁ?l}ﬁﬁl}% [ T-S i B v A 7Y , FIHFETF BN navigation system[ J ]. Soft Computing,2009,13(1) :31-40.
(4 T-S WA SR IR AT TR BB AIOC  [S] WSR2 T Ol i i S LT S SE [ D] K
BB AT B 15| — PR R PR A 3 R TR REIR S 81 )17 B, 2020.
A A 12 W R CHEN Zi-gi. Research on Diesel Engine Reliability based
2) TR R A T — BHE R E B IR T-S fik ks on Fault Tree Analysis Method [ D ]. Dalian; School of
AT TS S i il bR 2 , HEAER T —RHES IR ERIR Energy and Powe, Dalian University of Technology,2020.
I A PR TR [6] 2 W, #R T 3ETF BN A1 T-S BOMIMC B 0L T HLAS
3) FIH] CLIPS B3 2 T B0 )k B 18 W & % & BEALR AT SEVEIEAS [ ], b B TR ML 4, 2021, 19
s AGHEUCR I R BUR R A R SE R T T 407 (22T |
EF] T 5| bl B JE A ’ LR A S S S % LI P;n%, Xlé Ge(;mng.Bl];{eha(li)ll;yse:aluatlfn lct)f tcrane lufflnhg
. A mechanism based on and T-S fuzzy fault tree analysis
£l Tﬁ%jﬁﬁ& Bﬁﬂ/‘] HZ BT H 1 ° o L R [J]. Journal of China Construction Machinery,2021,19(3) :
EFRUREENT T L R ARG RR RO 30 B R & 73077 282,
s B RS L) BINRE IS o) e Sepm g5 gk, % 96T T BUBHCRR B
ARG ERRRIMATE TR BRI A ERER AR OV KRB P[], %% MRS
HRE 1 5% ,2022,22(9) :3845.

L, CHEN Li-na, QI Guang-feng, HAN Qing, et al. Research
%%j{f’ﬁk ( ReferenceS) : on calculation method of failure probability of water injection
(1] xUBABt. FraUEgE Pl —FHES R & 0 R 2 i B 15 it pipeline based on T-S fuzzy fault tree analysis and Bayesian

[J]. /EE4LT,2022,39(7) :4345. network[ J ]. Safety, Health and Environment,2022,22(9) ;
LIU Ming-hong. Reason analysis and measures for high 38-45.
discharge temperature of the first stage of a new hydrogen [8] A8 Sk, My )5 i FLT T-S BOWIE A 0 BN 1) &

compressor [ J ]. Henan Chemical Industry, 2022,39 (7).
43-45.

[2] ZEHTV. REGEEXEGHVIRS T ], Alife Tiks
K ,1999,19(4) :51-53.
DONG Shao-ping.

compressors [ J ]. Petrochemical Equipment Technology,

Condition monitoring of large piston

FrRAGE SR 4 [J]. 285 B 5% 42,2021,39
(4):43-51,59.

ZHENG Lai, GU Peng, LU Jian. Cause analysis of major
traffic accidents based on T-S fuzzy fault tree analysis and
Bayesian network [ J ]. Traffic Information and Safety, 2021,
39(4) .43-51,59.



- 1982 - /A I %40 &

(9] BRART,WOME, 58 #R. BT T-S BUMIEER A1 BN (9% ARG [D]. M W17 Tl R 27 AL AR A

BWERG AT FEE A L)), T E AL TR, 2013, 24 B ,2004.

(7) :899-905. YAO Hua-tang. Construction and System Implementation of
CHEN Dong-ning, YAO Cheng-yu, DANG Zhen. Reliability a Knowledge Base for Fault Diagnosis Expert System of
analysis of polymorphic hydraulic system based on T-S fuzzy Reciprocating Compressors [ D ]. Hangzhou: School of
fault tree analysis and Bayesian network [ J ]. China Hechanical ~ Engimeering,  Zhejiang  University  of
Mechanical Engineering,2013,24(7) :899-905. Technology ,2004.

[10]  BEALE , BRAR T AT SEPERTEAR A T-S Heka ity B K [19] SRR 11 E48 ARSI I 5 k12 W7 R &5k

FCR M A5 B Tolk i, 2020. [J]. "PEBA TRE,2011,26(12) :51-53.
YAO Cheng-yu, CHEN Dong-ning. New Reliability ZHANG Chun-sheng. Overview of status monitoring and
Technology Series T-S Fault Tree Analysis Theory and its fault diagnosis technology for reciprocating compressors
Application[ M]. Beijing: National Defense Industry Press, [J]. China Equipment Engineering, 2011, 26 (12):
December,2020. 51-53.

(117 230 PR B 3, 55 BT T-S BEM) FTA (1im [20] ®AMUfE, A B =28, ] LNG U4 A PEREFE 4k
HCRR 2 T T B (0], 5 D, 2018, 25 (9) WIS PR A 5 ik [T ] JR AR 4R, 2022, 39 (11) : 64-
1703-1708. 68 ,86.

LI Wen-feng, YOU Qing-he, LIAO Qiang, et al. Research HU Hang-jian, SHI Kun, ZHOU Yun-yi. Research on on-
on remote fault diagnosis method based on T-S fuzzy FTA line health monitoring and evaluation system for vehicle low
[J]. Control Engineering,2018,25(9) :1703-1708. temperature insulated gas cylinders [ J ]. Pressure Vessel

[12] ik W, Zhesr. HE AT SEMER M ], dbat. E P Tk Technology ,2022 ,39(11) :64-68 ,86.

MR, 2016. [21] WhoRwge s 1 DR S5 RN A TR R ER M
ZHANG Ya, AN Xiao-hong. Fuze Reliability Technology LRZRY CLIPS[ ). 15 B A 515 B4k ,2017,41(7)
[ M]. Beijing: National Defense Industry Press,2016. 33-36.

[13] 8V °F. RATCHLATSEM: TR IM]. L. FifEsgi K HAN Hong-feng, FENG Shi, LUO Yi-long, et al.
H R4t ,2019. Exploring the expert system CLIPS for the application of
HU Guang-ping. Reliability Engineering of Civil Aircraft artificial intelligence technology[ J ]. Information Technology
[ M]. Shanghai: Shanghai Jiaotong University Press,2019. and Informatization 2017 ,41(7) :33-36.

[14] BARLOW R E, WU A S. Coherent systems with multi- [22] 3k F% T CLIPS WERRG N HE AR [D]. B
state components[ J]. Mathematics of Operations Research, 6. b E RN F BT A BE (G B ARBFFE AT ) ,2015.
1978,3(4) :275-281. ZHANG Fang. Research on Application Technology of

(151 BR OB, 32546, R4 5 F g it T30 XU 88 2k 20 7 Expert System Based on CLIPS[ D]. Chengdu: Graduate
[J]. HF2s a5 TR 244K ,2006 ,25( 1) ;74-78. School of Chinese Academy of Sciences ( Institute of
CHEN Long, HUANG Hong-wei. Risk loss analysis of soft Optoelectronics Technology) ,2015.
soil shield tunnel construction period [ J ]. Journal of (23] BEEFE  MREAE, BT EAE. AT EZEHLHESAE S 500 1
Underground Space and Engineering,2006,25(1) ;74-78. PRl m [ ], AL TR K, 2022,51 (2) .,

[16] Mgy - p5ar, JHe - Bl A THERE[M]. 2 it It 11-15.

5 N EMEE H AR 2018, XUE Jin-xin, LIN Jia-xiang, XIE Hui-yu. The influence of
STEPHEN L, DANNY K. Artificial Intelligence [ M ]. exhaust pipeline parameters on the vibration characteristics
Second Edition. Beijing: People’s Posts and Telecommunic- of screw compressors [ J ]. Mechanical & Electrical
ations Press,2018. Engineering Technology,2022,51(2) ;11-15.

(17] 81 M 5T FTA MR PR HUK RGE RIS W& K & [24] WUNE A B VR, G5 BT 60 (19 R290 ¥ IR
GFE[D]. KU WM R AR T AR, 2013. 2 VR ) A BB S (0] LARD i, 2021, 59 (8)
HU Shan. Research on Fault Diagnosis Expert System of 88-92.

Hot Water System based on FTA Geothermal Heat Pump HU Xiao-qing, YU Bao, YAN Hui-rong, et al. Based on 6
[ D]. Changsha; School of Cioil Engimeering, Hunan o improvement of low-temperature heating performance of
University,2013. R290 refrigerant heat pump air conditioning [ J ].
[18] Wktest. A G RV EEE KT E R RGP ERE S Machinery,2021,59(8) :88-92.
A5 AR

SRR, HDEE L, E Bk AR IR AU RS LR IR B IR RS 7 s [T LA TR 2023 ,40(12) 11973 - 1982.
HAN Yuheng, HU Guangzhong, XIA Qiu, et al. Fault diagnosis method of exhaust temperature exceeding limit of piston hydrogen compressor[ J]. Journal of
Mechanical & Electrical Engineering, 2023,40(12) :1973 - 1982.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





