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Qualitative Simulation and Fuzzy Knowledge Based Fault Diagnosis of

Centrifugal Compressor Insufficient Discharge

LU Yun-Song' WANG Fu-Li% 2 JIA Ming-Xing! 2

Abstract In order to diagnose the causes of insufficient discharge of centrifugal compressor, a qualitative simulation and
fuzzy knowledge based diagnosis method is proposed in this paper. Qualitative models are built according to the qualitative
knowledge derived from structure principle and faults mechanism of the centrifugal compressor, and a qualitative rules
library is obtained by inference to describe how the discharge flow is influenced by various factors. The online observations
of variables are qualitatively processed by qualitative trends extraction and fuzzy approach. A weighted sliding window
match strategy based on variables’ qualitative trends and fuzzy qualitative value constraint is proposed for qualitative
state matching, and the matching results is used to diagnose the reason of insufficient discharge of the compressor. Finally,

the effectiveness of the proposed method is verified through simulation of two fault conditions.
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Fig.1 Centrifugal compressor characteristic curve
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#1 ADD F1 MULT EMELIHGEN (X >0, Y > 0)
Table 1  Influence of qualitative constraints ADD and

MULT (X >0, Y > 0)

X
+ 0 -
+ + - ?
Y 0 + 0 —
_ ? _ _
#2 M EVAREN
Table 2 Influence of qualitative constraints M™
X + 0 _
Y + 0 -
*3 M EMLAREN
Table 3  Influence of qualitative constraints M~
X + 0 —
% - 0 -
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Fig.5 A schematic diagram of centrifugal compressor
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Table 6  Variables of centrifugal compressor
AR ik T v F L2
P JEAEHLAN O ) (105, 110] kPa
Tin HEAEHLN T8 [283,313] K
Qin FRARHLN 9 [45, 65] kg/s
Pous JEAEHLH T 77 [370,450] kPa
Tous FEAERL L L P [423,463] K
Qout FEAFHLH 1 [45, 65 kg/s

P, 4L 3.3,4.3]

T: 4 ML EE [1.35,1.65]

n FEARHLEL [5200, 5 400] rpm
o4 B A FFRE [0, 100]

ap IR B [0, 100]

T. Y8 AR AR [313,333] K
Qe A B A HI K [1000, 1200] m?/h
P,, R T [220, 310] kPa

WA 3.1 o 5 R S ILHE A 2 1 IR
PRSI 43 A, SR g e R A DAL e P AR Al 3 5 25
T

1) NS & (Fault 1), E4EHLEESE
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Fs A AL E0 Fs B NI EEK BB HE R D i s .
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) I LI Zy 3 : MULT (P, Py, Pow);
)

8) Hi LT HE A3 RV 9 A3 B 1E B M (Pos,
Pyuw);

9) AAE i &: P, = PS;
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Table 7 Qualitative rules of the causes of compressor insufficient discharge

JE A Pn T Qi Pous Touww Qow P Ty n To Qe Py Fu1 Fu.2 Fu.3
Fault1  — 0 - + + - + o+ + Pn=P5 Qu=PS Qow =PS
Fault 2 0 + 0 - + - - = Tin =PL  Tow =PL  Qouw =PS
Fault3 0 0 - + + - + + + P =PL Qu=PS Qou=FS
Fault 4 0 0 - - - - - - - n=PS Qin =PS  Qou =PS
Fault 5 0 0 0 - + - -+ + - Qe=PS Tow =PL Qouw =PS
Fault 6 0 0 0 - + - - 4+ 0 Toue =PL  Qoue =PS
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Table 8 The weights of variables in qualitative rules
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Fault 2 005 0.2 01 005 01 005 0.1 0.1 0.1 0.1 0.05
Fault 3 005 005 01 005 005 005 01 0.05 0.2 0.2 0.05  0.05
Fault4 0.05 0.05 0.1 01 005 005 01 005 0.2 0.1 0.1 0.05
Fault 5 005 005 0.05 0.05 005 005 005 0.05 0.15 0.2 0.1 0.1 0.05
Fault 6 005 015 01 005 01 005 01 0.15 0.1 0.1 0.05
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Fig.6 Diagnosis result of compressor insufficient

discharge caused by low suction pressure
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Fig.7 Diagnosis result of compressor insufficient

discharge caused by interstage seal failure
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