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Fault Diagnosis of motor driven pump system based on fuzzy inference
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Abstract
unit(FDIU) for a centrifugal pump system driven by

A3 AQ 7hEde JERT.

In this paper, a fault detection and isolation

DC-motor is proposed. The proposed scheme can be classified
into the dedicated observer scheme(DOS). A fuzzy logic
based inference engine is adopted for the isolation of each
faults. Having the fuzzy inference engine, the proposed
FDIU resolve a few important problems of the conventional
DOSs with conventional two valued logic. The ouputs of
but the
grade of memberships that indicate the consistency of

observered symptoms(residuals) with each fault symptoms

the proposed FDIU are not “ith fault occurred”

stored in the rule base. The ouputs can easily be
transferred to the ranking of the fault possibilities and
it will provide very useful informations in monitoring the
process. The simulation results show that the FDIU has very
good diagnostic ability even in the noisy environment.

1.4 8

Aol A%]e TRAA9] Fae AFasl ¥z By Aol
A 4 gk oY B} uFo: A FAAAA &AL
Z7M71 R TR xe] I R ARk £i0l Y %
olzjo} 3-g om3le] FAldl A5 L7HE AR AR
gAjo] olelgl Al figle] ok wiaba AiFe A 7 AH
= BuE A% siee AR a7

A% HE: Y @ A7 UiFE A5 4AE B,
g A" 53l o] mES] A4l ATHE TIEHLR
el A€ok aev 708 2iAlE 3R A A
3 stegold 32 (Hardware Redundancy Methods @ HRM)
o elEshe w3 rlyel AMG-HEAh 8ol olF = nk
9] A sl&g ulRger AT Ay Y, Aad dd oy
Sol 2A%te] 7|22 HRMORE U] FE TAFTE 2hE o
7}x 9] SRM(Software Redundancy Method)el 7t®l w9}
o}, [11[2]

B AFgME BE T2 2% FARAQ ol 3
F ATZ pEEHE A4 WZ A A SEH A2
dalel ch2ax gdof, g oRe] @yl sFo] He HUE
AFsA A 1F Wi 34 Al 717 EAE DOS(Dedicated
Observer Scheme)olil, 1% WAlA 54 dlole]E Wwol XY

Col AT F:ele] 1 KA(A)E AWy A% g A
CEdRe HAFEYnYRS Bddtdent, g R ey
Bl olx=AR EASE Afdn AHE ¥ A e

FDIU(Fault Detection and Isolation Unit)E AIQHFo 2] 4

I

2. Agk g4 Al2]

2-1. HA) fprle) £8H 2l

B owidA oina s g AF AR TEEHE
Qalg L] AF solx 2 AN $4u AxiY FAHED
[3]¢ 4 gANen R &3t Ao

# - - I 0 sy [
&= % -ﬁ;—fﬁ -——Iff nl+t] 0 (wd (1)
i . LI (A,A+‘H., nl Lo
% a5
al7|M, x = (x| = [dw()] , u={u] = [du ()]
%3 AM(1)
»n 100]) [=
yol = {010] |x
A 001) {x

Aol A yi(i=1,2,3)& AFF&e] Aoist FYRAE Ao £
Helold &9z B A Avde RE FiS4E 3%
oz HAAsAT

2-2. Ag A A" 2
ARAE/ R TEHE HIAN2R] T FARLAN HHY
4 e 243 3 f9e Eld vehilAch

1. &8s seloie] Aste] @A4](5]
2E 24 LR CIEE)
qxh: 2y e 1. MR MY B2t
D32 HIIRE AN 2. HVIR MY 22,
Sgoe MR} ledsia 2
a3 HoE ol |SER 3. MM oHEAe) 2,

g

ut=pl

e go =aNsel #a

a1t ol of 2| 4. HY obiAs B2t

A AUed gz =aAse] Ux
- 25 3320 Aol 5. M2 NYgA2 5L

(25415, gas bubble 44)
nESHEE b )
e

gzol BAAe 24

6. RNl NYAS B0t
CECE P RIS
BE zaAtel ¥4

787 Aynasl g

aol = %7 mol ol el e
2ol -2

~689 —



3. 33 A& A FUE(FDIV) Y AA

B AN AH 4 UF (DY PE AuAsd, &
A AAGrE A¢td POl 24 P& R A Ag" A
B OAERE A% 24 B4 GnASH Dol 2As e} 1y %
4 oRE WASHE UE =R 1Y Yol aLe i 9B
WA A =2 FAEN, FRE aP19% Yok

o 1]
—» Fault
Detection

PL s 4

! ¢ Diagosis *B
0

% la

¢ s Fuzzy .
¢ ] inference [}
'] ] || 0L
0, by [

a¥1. FOIY
3-1. @&k 4A
A1) g3} o] BHd

() = A2()+ Bu(t) (2)
() = Cx(0)

ol el #&Av ANAAF, AT P Y2 ALy,
AZFREe] 24N 93 TEHN, AAY B2 PRde
o3 2o

2, = (A—1ley)z + lyye + Bu, (3)
Ck=1,23), la: A_/xjol&

A k=19 A9 A28 AZNARF(L) YA A%
o FHiS (L w#)E PYJZE 4AE Holn k=2,k=3
At 2R A%012 7EE 49 4T (v), Folx
AAAMS AFFEM) e} FAA) A FElR(1 w, )
E A0 wabA ofF A RaAt 2 Ausd O 37
o Ang AFP.

3-2. AN nAH TzagA nFe) HA

Axel 3L BE2A ] LANE FASEZ $22 il 2
€ 34AF F93A ol IV F2bal 7ghd 38 0y
A 2o a8y AL g3 o] Heg:

rest(4,j k) = } £5— £a | i= 12n  jk=L-.m

%51 DO(j) B R i v B2Y @Un YA
n: 33 AEGRe N
m: &3 auysel ¢

g M2 Heez A FYRL 1A PYselAn, &
i f3d o nAd AME S lomz 2]
o ZA&deld 4 itk

2% A& F Ad=dgd ALSHold ® vE AE ey
3ol Ao},

re2(i f) = yi— £, i= 1L2-.m
PRRE-L E2 T LGS

75 DOG) B £ i UM Gelsgo| 2|
m: &y BUHGe &

j=1L~m

oA Aele Bae Tz YA TR AT
F o9 #E v g G4 BAE F3E HAA Sl
24 34 829 uFe Aol

3-3. A 2E¢ ol4# IARA 2% Aghe=a

B APAAE ztzte) Avugagel U@ AlBdolde &
gate] 2z o] WY A, T UL ZHNEH
FAAGN FRE FPAs 2YNE 0] DA BPS B4
S o2 MA ool T8

o AL A Aetstniishs UEAY nPLLe) ddy
A4 e Hlo) eEhAT, A AaReA @il &
Ue) mget wgRths 7bEE AA2 stglch

FHAA 23 AE WG DA BAE FRAEE 3284
A Ael@ reszqoln] FAAA A tg gk

nw=x0=L0.»n=w,n=x= M)

- N ~
Tu = X T Xy, Y T X4 X, Y= 4T X,
“ " “
= %~ X 02 S X7 Xp, Ta T X027 X3,
Ta T X3 X, TR T 3T Xp ., g < N g

Ho(D) — ()

"

Al e AAEF hEe] xdel) AYAER NG 2
g 43¢

@ ryolAl i+ o]£2 MAF
@ Z7el #2328y Suy dPPc)
@ 2tztel BapEol MR BH7E B33 HeERe 4@

A e PRe nRAV] F2& oTE Hpoez 4
Y ghgol EARA St Auldle]l 2ol ARG REsol
thg3} ol FAaUT.

Rulel : If( rl,r2,r3,r4 )=( AZ,AZ,AZ,AZ ) THEN Normal

Rule2 : If( rl,r2,r3,r4 )=( NE,AZ,PS,AZ ) THEN Fault 1
Rule3 : If( ri,r2,r3,rd )=( PO,AZ,NS,AZ )} THEN Fault 2
Ruled : If( rl,r2,r3,r4 )=( AZ,AZ,PO,AZ ) THEN Fault 3
Rute5 : If( rl,r2,r3,r4 )=( AZ,AZ,NE,AZ ) THEN Fault 4
Rule6 : If( rl,r2,r3,rd4 )=( AZ,PO,AZ,AZ ) THEN Fault 5
Rule? : If( rl,r2,r3,r4 )=( AZ,PO,PO,AZ ) THEN Fault 6
Rule8 : If( r1,r2,r3,rd4 )=( AZ,AZ,AZ,NE ) THEN Fault 7
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