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Fault Detection and Isolation System
for DC motor driven Centrifugal Pump-Pipe Systems: Parity Relation Approach

Tae-Geon Park * Ji-Su Ryu - Kee-Sang Lee
Department of Electrical Engineering. Dankook University

Abstract - This paper deals with a method of a residual
generation for fault isolation in a centrifugal pump with a
water circulation system, driven by a speed controlled dc
motor. [t is based on parity relations derived from the
moving-average model of the system and is used to
identify sensor faults and two possible brush and
impeller faults, where the former is dealt with additive
faults, while the latter characterized as discrepancies
between the nominal and actual plant parameters of the
system is modelled by multiplicative faults. We will
represent the propagation of this uncertainty to the
model matrices by the approximate handling of partial
derivatives of polynomials. With multiplicative faults,
the transformation matrix implemented in- the residual
generator are calculated on-line. The simulation studies
demonstrate that small changes of the system can be
detected and diagnosed by using the method.

1.8 8

I13FE 94 Aol dF A7E A 209873 £33 T 43
g 2d 5 1k 4H4o] 87 ZopE FAH oz WA o
$on, HAZde axz ¥ed AFH V&g WPz @ A3
Aol AolA THE AT A 842 AAHw 9},

AA £F AT AY2LU AEI)-HE AEe d4Ng 2
e e 4 AN FE EE AHo Fol e Ro)
AbEE 2 lA G okl o] AFo HiE A nWAE L A
#¢ A7 Feg (1-2). o] AL A% nFAE L AW
28 AAY dEY A gelviy 237180 AR FA8
2 13} A& ALY Isermannd AT (3-5), Zang] 23
7Y 2 HeRF g3aAFA 2AsY @ 1% (Fan break
-down) ¥ YHHZ9 FFZ (Cavitation)d o3& HE37)
AT Geigers A7 (6) Tolvl UM e Feid=rd ZAS
884 A9 AE A (2), wiBgAMe §3 ek o
a7 234 ()7 AAR Hxolet,

2 =ddAE £TAo ez AFHEVZ FEHE 94%
Zofl g AA F4T AL thitd TH AN LAY £ gl
€ F8 3% AN 3AE 27l BE, AEy] 9 Ay
A ¥ E ALstm ANEHIAE Bt AAH AL JNEHS
AEY 1 EXS 2U ASE 719 e A% g2 DA
SA% FAE LA E ANF Y F BaA 42Es
ol &8st AU, o7l Held Y JHy nF T
T8 FH8A n¥e FY nRez o T Aojs A
€ A% FEAFT $90 A 24L derig ndez 2y
&gt

2. aZ[AOL Al

2.1 WHESE AS S5 o

Bl A2 FEEHE AU g HolZagl x|
FEATL Bodat ARAFY), AUHE so|=ale] A 842 F
3o glen & w=RAAM ASR ARAENE AT (8),
HEZe FHHZTY (9144 AZE Hoz Fg ke 42
¥ 1. B 29 JEhRch & 29 QUHELe) AlYolA B 48 [%]
£ EE30] 0.2 [m'/min]drlelt} (2). % PYodel o4 7
9 )& st 23 Agel 344 ey e E 3% 2o
deld o Be it e nutn+ L nuh (1

1 A%9%79 A

) AL g ) A} oF
Hoygg 3.52(Kw} 37349 3.0(kW)}
Hd<4£x | 1250{rpm) &= 1000(rpm)
AAAY 160(V) R 60(Hz)
AHEAF 22(A)

% 2 949z A%

3 9 A o A 9 A} oF
2459 3.32{Kw) 3345 = 1000(rpm)
+9+4 50 (mn) ER 37(m)
EZ37 50 (mn) s 0.48

£ 3 34734 Aol dod

Bk D Setele dole]

R, A7) 8 0.45[ 2]

L, AR EE 2~ 0.0054[H]

K, AE7lel 1A 1.433[ Vsec/rad]

K, Ag7lel E335 1.433[Nm/Al

T HE71e] #YRAE 0.199[ Nmsec? /rad]

Js Hzo] AHEAE 0.199 Nmsec? /rad]

C, ol @A 4 0.02[ Nmsec/rad}

Qe A9 FHEsAS 17.6190[m* /kg]

ag frale] AaA S 14.0952[ m®/kgsec]

E 4 3385 147 dpase] 9

% Serere R, £ e ap

R T

PEEEE - - ¥
Ny UL PN OO
j—jgym = : Aw(t)+hLa:(_a—" IN{OF (3)

A7 i, & AVA AF (A, we 4EE [rad/sec], ME AF
fr& (ke/sec]. u, v AZ1A AL V], J=Jat+], oIk 2(2)%
A3l T,8 B=Ze] A+, Y& HlaA] (specific energy)
e o g, gy, h,. hyd H2H BT

g, = % = (.2736 [ Nmsec/rad}, gy, = %& = (.1459 [ Nmsec/kg]
- 8Y _ 2 - 8Y _ 2
h, = 5= = 0.564 [m®/radsec]. iy Y7, 0.015 [m?/kgsec].

(4)

2.2 Mothjd A|lado %

AH FEAe] Zt T8N BRY £ e 2T 2 WYL
G5 2o (2] 94 ARAFvN 24 F e 2L BF
Ast Hej#zke] vhdo] ol RAHE H4H A, Av)A 299
A, A71zze) @g 2F ArIA :oie) FY 2eln Rt F
W gl vk APHZAN BE 1L A8 1Y F A F

—-819-



Wy, 358, A= §4, Wi e RFY &3 FE Wi
A 2oz A3 & U (10). EY BejzldMe JTE F
o2 Q8 o] Wl VA wol §F RicdM A7 RESHE
WY o) A (7. 8 dFelMe FPea: a3 § HEA) 7
2%, & AR goizt AF1AM B4E 4 e B4 g, Q4
Yo 24 e dde 3% 2 A4 232 AE JAdd
% A 2ea He Adstadste F 3F8L 3T B¥d

WAdSe) G4E B 4o deiAT (2], B 4904 "+ H7 #

Zoig #kel 25} e Svle gel #Aag ABHM
3. DFAMHES 95 XL Iy

3.1 1FS g s 514

MegdA 7led R Y FE7 2%, ‘33?%'91’\1 S.’.’é}. a9, &
"M 2% §& Y ages é}%ﬁ F e vd Agel
v}ejn) Ei ey gddE 23 Y nges ndstsied A
g & Yok dIdA B =Rdde 5 3F8d e FE7)
¥ ngez mdygsn, MM nFe virY nges FHFE
o nRFE L ATEL A AANE AN AR ¥ 3P0
AT AF Sﬂ'i}“]ﬂ-—l Hd dEspiE +100%E MFEE, &
05 ARSR,, 8508580, —h.Sah 50, 08 0agsag
B 40 A B4 e 4(5a). ¥y gL Az &
qg & Ao

R,

'E(I"‘h) 00

rA, = 0 00, 07 =1 (5a)
0 00

0 0 0
R 0 (5b)

0 helrp =1 ap(l—7n)

aﬂc aw

0y =<1, 0 yp=<]l 0L 31,

5—](5)“‘}‘1 71*1‘% x4 _'7?} L ra¥l, mFEl, 723*1 %
2 ngel AL T oujyg, 36}7 F822 n% 2 g7
8 44 2% &?N} A% REe ’—‘4(6)3} %.‘C’r

x =[A, +2A, Jx+B.u, ©)
y =Cx+Ff,

AN fi AN 2R, sA. =aA,+0A,.

3.2 Texpubdur s A

H(6) 8] Age] iy olakx] Adelgzt BEe AN 2o,

A+ 1) = [Ag + AAg 1B + Byl B), o

ARy = Cx{(k) + Ff,
0871y nga Fi21E 2ol FAY BYsA] gecke R
A 2(8)e MA (Moving average) 323 R3S 92 4 Ut

H()y(k) + s H((B) = C(2)u(B) + 6 G(ulk) + R(AR  (8)
H(8)lA H(2).G(2). R(2) € A& 22

H(z) = [def(I—2z ' AN, (9a)
G(z) = Cadi(I-z 'Anz 'B,, (9b)
R(z) = H(2)F . {9¢)

()2 RE ¢dolae r12AQ FapaAe 4(10)58 )

o(k) = H(2)y(k) ~ G(2)u( k)

« = — AH(DAR + 2 G(2ul k) + R(2)A k) (10)
— A H (DR + A6y (2B

~ S5 Hy (¥R .+ ~Gy (2l k) + R(2DAR) .

A10)elM - Fale 2 d¥er dehvde  AH(D.
AGK2) ,i=1,2"8 BN n.,rm= . re, ra)N 9NN
ojRlelth. mEl AH(2), AG(D € QDAY 28 & U
sH{z) = ~Hi(z,7;), j=1,2, (11a)
NGHD) = ~Gil2, 7). (11b)
A, ~H () R AG(2) 9 Taylor 85 #AE g8tz
12872 neistd ZABRBIE AH(2), AGi{2) & BHedy EE
g 4k

~H{(2) = nHiz,7;) = P (Day, 7=12. (12a)
nGi(2) = nGilz ) = Q,(z)Ar, : (12b)
o714 Pi(z) & Q;(2) & Jacobian 332& [=a i

P«)—-';—HT(;—Q. =12, (13a)

Q2 = ‘9—6';‘;—"'1 (13b)
2(14)8 Aesid ‘
e; (k) = Qi(2)ulk) — P WB) , =12, (14)

241008 GENY 299 & Uk
ol k) = H(2)A ) — {Du( k)

= g‘e,;(k)ar;+R(z)ﬂk). 15

(15 WY LAY WHE FRoaM e Nds 9
¢ H(16)8 2ARANE A& & ATk

A = WA oA (16)
del8 23 E BAEEE A AVYLo) APV W
8718 ngeldE A15)0N A N7 A¥elmz A ER
930 g78G (11). 4(16)9 4(15)% WytezH ALy
WhHE Fohed o188 4 dE A¥A (17a)% 48 ATH)E
2% 4 ot

#8) = WA T e,(h a7, + RAR) (17a)

= MBHIH(DH B — G(Du(B]. (17b)
FEHNE 23T AP goiA A 3R Age (139
P2y Qi(2) & ot el Uk AR AES Bk @@
23 A% A #NAL: Hilzy). Gla ) E T2 1€
7; ol B4 uvjEsed 4(13)9 P2 & Qi(2) & = AL ¥
&= g}, wekd olelg PYe ZE AT F2E & e 9t
43lE Wiol € 4 glon ¥ =EdE 3.33q riesle 248
Wy AHESY.

3.3 ZAIS Wy

4(13)9 P2 & Qi(2 & ¥/ A% At Bl Euler
W AN (Bilinear Transform) ¥ % o8 7B7 dev
E =R AMRE PHe nlEd Aoz ¥E dolAd A(13)4
e FoE =g@ch

pg=2BEn) ( BBET) 4o =12 asa)
aG(2,y)  06G(27)
Q= ——5 " == tea(a). (18b)

A7 Ay; > 0Y A eyla) > 0.e6(2) > 00l Ay 3
e ayiz Bl oy ¥ I 2IN H(18)L TEHF 2
A3Hg # 3ok

p,(z)zW. j=12. (19a)
Q= —AE\(%L) (19b)

HON aHfz ).
20xg 189 5 U

aGlz,r)e Ay B 3 4 4

DY

AH{z,7;) = AH{2,7]) 7’7’% i=12, (20a)
AGi{z,7;) = £Gi(=, 7)) :-i—f.% (20b)
ANM aH{(z,7!) = H(z, ¥} — H(2), (21a)

A6z, 7)) = Gz, 7]) — G(2) (21b)

°ln, yiE 19 FFIeE H0D ¥ 409 1:.‘*}5} o7 9
£292] G& A% A3} 2B Ha8E) 48 Oy 3R
Ag £ Aok A(200% 419 g¥ens el P2 9
Qi(2) & YErt

P~ AHAETD iy, (22a)
Ay,-

(0~ 242D (22b)
Ay

4714 FEE mel @& W y=19% AR ayf=
1— rielnl A EaloldAl Ay (D) & 7IAR ZHB3R ANE 9 =
& 7142 A3k} A(15)9 Fao] Yoz e §U% F Aok

4. NEo|d A E3 HE

ZH-PL AFY 2372 £ 48 9%t E =8 Agd
ARy 71ge) g ‘%3—’56}71 5t Pl £xA0] J7AF7]

—820—~



A A FESE FARE ABel i ABeeld e SYsgen
ol4tx] Agozel MPA AEY F7l: 0.005(s) 2 AL &%
AXe 23E 7R A6)A F=[0'1 017 ol A (9c)olH
R(2) = H(2)F= [0 a{2) 0)7 (23)
olth, 71 h(z) = 1—2.6321z 1 +2.28642 "1 —0.65422 .

A (15)44

e (B = [e}(B) (k) (BT (24)
ol (k) = Q(Dulky — P (D E 1E AW H22)=
¥ Q2. P2, j=1,2.8 F¥22H4 UG, ¥ =0.5,
n(=rm=rk=15) =08 ¢ o

, P(zy 0 0
Pd=| 0 F(z 0 |. ¢% &z thes g},
0 0 P2

Pi=0.24442 "' —0.4905z > +0.2461z >, k=1,2,3..
Ph=10 *(0.5922z ' ~0.8834z "* +0.3682z "%,
—0.1369z "1 +0.27282 "¢ —0.1359z 3
Q= | —0.0009z ' —0.0007z "% +0.0016z °
0
~0.0027z "} +0.41992 " ~0.4188z "
Q=1 0.0086z 1+0.0351z 7% +0.01052 °|. (25)
—0.0004z "' —0.0015z "% —0.0003z °
2AAEE 9§ AEYE W v e go] Agsisr).

o < | T an o |agicnn
= & 0 i( Mk
0 022 ay (26)

Wyl 0 Vel
Wy (k) W (k) Wik

AT MO = [e; (B e,(B) R(D)), Wiy (B = ~ay (B W2,
Wa (B = ayej (B k(2), Wy (&) = amel (D A(2),

W (B) = —ane) (D2,

Way (B) = x5} (B) €3 (&) — e] () e (A)).

W (B) = ap((B) (B — el (B e (B),

W (£) = ap(el (B & (B — & (B b (B).

ggm% H(18a)e} tidstd chewd ge 2 Agde 9 %

‘Wn(k) 0 Wk

oy (B) ay 0 0]fond
r (&)= A(k) Arz(fe)]=det(M(k)) 0 an O /.m(k)l (27
A 0 0 agil AR

A}%E“OIEOHA" }—\](26)3; ayy =2, 8y = 1, ap = 12 5}‘9\13} pud
H 2¥ 3 <1< 50sll SRAN 2% (F=0.03] rad/ sec),
72 £ 9fslot BelH 2 (7, =0.8). 12 < + < 15[s]el 42
A 2% (rn=r2= 7 =0.50° TANIET 4 IAZ Jed R
olel. A ixa Held mAe AFte 44 el sEdE g
(ri=0.52c 3= duy 2% ABY 2% (B =0.8)r0
AxE g, 2AEE g5t 4@ AR Sk o)
Bad e 9gsn 988 2 AN agde BEsiEE 3
ikl Ar)E 998 a3 97dstn 524 € A4 2Pde
EABEE, (k] NS 3HA AN YR AN T
NAstEg dAREen 2y 28 4xbdAdr] 4AA deguidgs
BAE @ g Uag S e ovjed 23 F
& Fo] EAsie dAA AN e 2ol 4R e AE
gol obd Ayt g deiM 24HdE 45E AL 2
ARE Hxalslr) geire 2ald i 2388 dAA (Threshol
d)& dFed 1% L AUS Fgstoior . aF 29 [l o
SMe Th, =10"% Th,=5-10"". Th,=2-10"%7t HBs
ANM 1kl ar) 2T B 2 G an 2t e 99
g 2% 17k 2T E $ERAA 239 B4E Jehdth

‘x10
. P S |
; | I
" i H
a 5 10 18

¢ jaac)

{a) B} »(klan)

L
c $ 10 £
thea {sac]

(b) 2% (ko)

.
2!](0 r -
° T T T
” ;
° L] 1] 15

thee jeac]

() B& » (k|

¥ 2 2ai4, B W MM DY YYA A
5.8 &

¥ =RdME Pl £xA0] B NEAF2 FEHAE 44
HZof o3 A4 4T ASAN Y F e T8 ZeAg2
2 A 13 2706 A& 2 4Es] 98 IXEA Y
| Atsta AEBRIAE B3l AAH HE e FEHA
o, Agd 1de Age 428 A A AA4E WA
7le #4438 71y § §718A A2y o8 dAsgeH, 47
A zad 2%, 948 3% ¥ $8 FYRE YL FI)
¥ ngen, o FPo FxAlcis AAE AW FRAFT £EQ
£z 138 da8 2oz 299G

B =Fe gedgAde] a7y Add o o9d
A7AA o ARy, (HANE:1997-001-E00444>

(2 & #)
(1) #erles, "Motor Pump® % Hrld d8 dF

1986.

(2) ZEg g9, o, "dA £ o 23} He
Ak Adlel HA" GEeEas =8x, Al339, A
6%, 1995.

(3) R. Isermann and B. Freyermuth, “Process fault
diagnosis based on process model knowledge.
Parts 1 and 0. ASME Journal of Dynamic
Systems, Measurement and Control, Vol. 113,
pp. 620-626, 627-633, 1991.

(4) R. Isermann, “Process Fault Detection Based on
Modeling and Estimation,” Automatica. Vel. 20,
pp. 387-404, 1984,

(5] Frank. P.M. and J. Winnenberg, “Process fault
diagnosis based on  dynamic models and
parameter  estimation methods,” In: Fault
Diagnosis in Dynamical Systems: Theory and
Applications (R.J. Patton, P.M. Frank and
R:N. Clark. (1st Ed.)). Prentice Hall. New
York, Chap. 7, pp. 253-291, 1989.

[6] G. Geiger. “Fault identification of a motor-pump
system using parameter estimation and pattern
classification,”  Proceedings of the 9th IFAC
Congress, Budapest, pp. 184-189, 1984.

(7] ©1%8 2] 3% “Leakage detection of. pipeline system
based on modeling and. identification,” Journal of
KIChe, Vol. 30, pp. 526-, 1992

(8] 9RARNFTAF), AFHE7] dw¥d: 2d DM30.

(9] BHHZZU(F), Catalogue.

{10} 8. Yedich. “Diagnosing trouble of centrifugal
pumps,” Chem. Eng.. Vol. 24, pp. 124, 1977.

{11} J. Gertler, “Fault detection and isolation using
parity relations,” Control Eng. Practice, Vol. 5,
No. 5. pp. 653-661, 1997.

- 821~



