FZAYTUNA A15d A23 (1998924)
Journal of the Korean Society of Precision Engineering Vol. 15. No. 2. February. 1998.

Multiple Fault Diagnosis Method by Modular Artificial Neural Network

Yong-Hwan Bae*, Seok-Hee Lee**

ABSTRACT

This paper describes multiple fault diagnosis method in complex system with hierarchical structure. Com-
plex system is divided into subsystem, item and component. For diagnosing this hierarchical complex sys-
tem, it is necessary to implement special neural network. We introduced Modular Artificial Neural Net-
work(MANN) for this purpose. MANN consists of four level neural network, first level for symptom classifi-
cation, second level for item fault diagnosis, third level for component symptom classification, forth level
for component fault diagnosis. Each network is multi layer perceptron with 7 inputs , 30 hidden node and
7 outputs trained by backpropagation. UNIX IPC(Inter Process Communication) is used for implementing
MANN with multitasking and message transfer between processes in SUN workstation. We tested MANN
in reactor system.

Key Words : Diagnosis Method(R&71%), Fault Detection(:2%7A]), Monitoring System(Z+14] 2#), Modular
Artificial Neural Network (28417 %), Multiple Fault Diagnosis(t+327%3%), IPC(Inter Process
Communication)
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Fig. 1 Mapping from a measurement space to a fault space
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Fig. 2 Fault diagnosis procedure®
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2. 33%7] (fault detection)
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Fig. 4 Functional hierarchy of an engine

3.2 AlZ= 2 (Hierarchical Fault Model)
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Fig. 5 Hierarchical fault propagation model
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A 439 29939 AR de et 2
Case 1: single faults
AND set = [F,,F,,.......F,]

Fault Deviation
k Ay, = abp,
F Ay, = a,4p,
F;' Ayll = a’lAle

Case 2: all of the double faults
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Fault Deviation
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Fn—an Ayn—l +Ayn

Case 3: double and triple faults which include F|

AND set = {{FF5},cereens, {RF L E R, {FF_F.}}
Fault Deviation
F.F Ay, + by,
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F.F_F, Ay +hy,, +4y,

n—

5. Modular Artificial Neural Networks
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Fig. 7 Rector system for MANN application
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Table 1 Training Patterns for Single Faults

Ingut Patterns Outpt Patterns

bl n . ;) b ¥ » » 1 2 3 4 3 6 7
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» 000 GO0 031 000 000 000 000 6 O © 1 0 O O

i3 36 000 ©S! 0 000 000 020 0 o 06 0 1 0 O

K 0% 0@ 017 238 25 S0 00 O o0 O 0 0 ) °

) 043 000 00 000 000 000 30 0 O 0 O O o 1

L
STEE WES FFE 68000, FEAEY
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Table 2 Training Patterns for Double Fault

Tngut Patterns Output Patterns
Pl n BB » B N )]
1Y A M DL 2 M 000 0
RR 258 DN 0403 530 530 000 000
RR A1 874 D10 075 D75 00 000
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Table 3 Diagnosing results of double fault

Table 39 °l$32% AgeMe 217H419 o]Fn% 8
2% 47 22 ke dFdelgd ts) 448 A9
& 24E AX(91%) & F AN, oF M 23

ADer Aher Al .
Clamificailon
Pl | g Lovd Second Lovd OR Opersiion
R RR RRURR RB '
B 1) RAK

:: B RP RR z

RE Fy FR Fih v

Ry RR REURF R

KR R "R KR »n

BB Tposeible L

RA B RFy BR 22

RE BB REURR BR n

RA K RR RR wn

L) ARy RAVURR RR

B £ R, A 22

Rfy R RR BB n

BR hk hR BR 0

BR B KR BR ”n

B BB FRUES 123 »

Fifs. PR FRUPF P&y o

Fefy By F& Fh

R B FiR FiRy i

Bh ¥ ) Bh »n

Rk AR RRURR R 20

Fig.8 MANN & & ¢}
Table 4 Diagnosing results of triple fault
“Aftcr After After
Fault Iierm Level C t Level OR Op Classification
RER R F B 1
FRF, R RF, RF, n
FiRFs Hmpossibic o
BiFaF B FF Fifs n
FRF, FF FRURFK FFR n
FiRE, Fy Fy Fe 13
FiFRyFs Fs Fy Fy 13
FRRF F F Fy 13
ARR 3] 23 KB »n
FRFs F, FaFy F,F, [¥e)
REF Fs FiFs RFe 3
RFF R REF REF B
RiF:F, Impossitic o3
FEF ) FoEsU FoRF, FoFyF, 2p3
FiRE, RFF FyFsFy U FiFeFo U Ry REF 33
ERF, ¥y Fo F, 13
RFRFs Fs B ¥ n
RBiF Fs Fe Fs 13
RRE F oy B 1n
REFs FaRiFy FF(FsU RFiFs U FiFFs BEFs n
::::: Fify FiFsUF{Fs Fify :g
RFy RERUREF, Ry

Rk Fs EF FiFs P
gl BFy REFURFF REF 3
BBy Fefy RFeFyUFF RFeF 3
REF RFFs RFF;U RFFURESs REFs £
RFR Fifs FiFsURF/Fs REFs n
BEF, FaF REURFE, RF, 23
FoRsFy Fs PR FiFs n
gield BEsF BEFUBER URER REE, 33
BEF Fr FoFy FF 3
EFsFe FiFs FiFsUFESFS FifsFs £
FiFsFy FiFs ERFUFRF, FiRsFy B
FEE FF FFR UEFR, ey £V
FeFy biiid EFFRUKE RFFy B

* Number of faults dingnosed carrectly / oumber of faults occurring.
F, = misclassification
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