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(Development of Fuzzy Expert System for Fault Diagnosis

in a Drum-type Boiler System of Fossil Power Plant)
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Abstract

In this paper, a fuzzy expert system is developed for fault diagnosis of a drum-type
boiler system in fossil power plants. The develped fuzzy expert system is composed of
knowledge base, fuzzification module, knowledge base process module, knowledge base
management module, inference module, and linguistic approximation module. The main
objective of the fuzzy expert system is to check the states of the system including the
drum level and detect faults such as the feedwater flow sensor fault, feedwater flow
control valve fault, and water wall tube rupture. The fuzzy expert system diagnoses faults
using process values, manipulated values, and knowledge base which is built via
interviews and questionaries with the experts on the plant operations. Finally, the validity
of the developed fuzzy expert system is shown via experiments using the digital simulator
for boiler system in Seoul Power Plant Unit 4.
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- Maximum Power : 137.5 MW

- Maximum Steam Evaporation : 450

Ton/hr

- Steam Pressure : 126.6 Kg/ cm?

- Steam Temperature : 540°C
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BLEP T Bodes Feedwater Pumip, EC @ Economizer,  EV  Evaporator
R Reheater, SHE: Superheater,  F.OE : Foread Draft Fan

LD Induced braft e KO8 S Foel Oid Pumip

TITE 2 ligh Pressure Turbine, LT ¢ Low Pressure Tuthine

T 0 Intemudiale Pressare Turbine
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Fig . Block diagram of drum-type boiler
in Seoul Power Plant Unit 4.

Ffw © Feedwaler flow rate,

Fiwd : [elayed feedwater flow
Fdr @ Net feedwater flow rate into drum
L& Drum level

Fms @ Main steam flow rate,
Qev & Evaporator heat flow rate,

a3 2. =Y £ $54 S £EE
Fig. 2. Signal flow diagram of drum level
dynamics.
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Fig. 3. Drum level controller.
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e Ao F 1A SRl dbE Aggto e FE
+ 3P 4 sk

(3) &% A¥ (evidence combination)

FF AL F ol wEel el 32 qlof
He-E 73 shte] 8 ANE fEsbr] el o
42 of zhzbhe| g3 o7 E HAAE Hyst B
o} et 2 AE 4] Yt el CE
B0l ot #o| 3= Apde] Fei3tin slAl

3 1: IF x is A, THEN z is C,. (CF)

T3 2: IF x is A; THEN z is C,. (CFy)

AMd : x is Ay (CFY)

HAE . 218 Cy. (CF:)

AE CEF 73] HsiM HA F3 19 13 22
Felel 2 ARE HAx FA R 4 A4t
max (sup) -mind HaA zzh FEo} zaEla A
3 13 73 228 e 382 AYE ‘min’ 94

(1497)

3 3% Be $10 % 59

A olgsted Agkrems A7), A (@) 2ol A
2 C,% 78 4 g

C, =[4, = R(A, C)] N [A, < R(A,. C,))] (N
CF. = CF,*CF, + CF,*CE,— CE,*CF, *CF, * CF, (8)

745 qdo] Wigrt ohE A AHielr] A=t
slejele 7bz)h 223 ¥ AF dARlE ming HEge
BN ARE {5 5 ok azl3 A AR oy 3
o] Zd alo] W4T F Mol Fo FEL 5 HS-
el A e o2 FEL fT3 4 Qo)

(4) %8 A (reasoning chaining)

HRA AE7t Aladedde & e 28 A}
oE e HAR-9 siEoz Qvlsle ASrL @
Lug o Agdhe 2 EUE A 2L
3k Aol Hasith B =FeA PAE A A
&7t Aladede 28 fsted 9ol F®
(goal) 2 F013l olo] wiE 8 =alo] FHitlo|
AA AN A ol s IwkaF Hal
(backward chaining) 22 Ez& A3} F £E
EglE g} A9sk 58 (forward reasoning) 2 3
Fogn Fx2 Folzl glo] wfdl o3t AfRE A}
Ae F2 4 A =t

6) o] 4t

odo tab Fig Algatele) 43 wF v15E
Fihe FEe® A A A AE) Alawledli
FE3 w3 AR we ez 5o 9l 2 A
o AEE ARRT olalE 4 QA Wl 9%
£ ek oM e e FALE Sleia 2R x5
At vlg] Ao =l gle HA go)9k¢] Ham-
ming distance® 73} 714 &2 Az E 2= A
4018 Adesl= 7183 WS o3l nilg
Her Fg=ox= AA A UdA A== F
2] 43 A, B Hamming distance d(A,B)=
A1(9) &} zbo] T3 4 Q)

n

d(A.B)=7

i=1

Do (o) = pp(u ) | 9

aela HA AR A Tkl ARG e e
o3 2 %] Ajtel Heids unknowno®
odel FAME #H3ich

Z ol x =

i=] el
7 F s
shollA] Ag=oinl 7] Aert Ala8gE ATk
7 ¥R ol gstel wA Alwdel] Bd® PuE FE
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Fig. 8. Fault diagnosis inference algorithm.
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A 14 Ak 1) AETL A xde] 58448 G
Hoj7] $1ali4] 2abella Augk M3 437 HHdAa
walz) AJxe wdE o]gale] HIE ahict

&} 17_72)1-

L

1. Aalel s 75
2 el FEY A4 wlo] Ak =RE 1l
o CECEECLE

A

]
) uk 2+
s Ak} lEld, A& [5][7](15](16], 2
AEHHE AR x4 el ~E F-E319

B Rl AT WAE By 2o Rz gelE

=)
AEX

SLWoe A |
ki

34 kg ERE Rl AARY] wg AgS 93 oA e} A2 A
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Lo

3 T3, FrE ARV 2, F5 Alel HE
water wall F8 Fd-& A8 F+=
7 Zek A x®le] FRojc) wEpd] =3 99

2 sgaFEy] $1% R4 wle)x, Fpd A7)
4 A5 g A4 wlo)x, Fg Ale] WH A
A E 9% A wle]A, 22| water wall FE
gl =2 $g A4 wle]~E FF g}

=8 5949 A 8-S 9 A4 Holx9 7&
o =3 909 g =8 9o M3l a4
A 4 ook =3 £9] R 2y A"

)

- FEE
PR3 AR A" R Sk =8 4
Feoll W3t X AXF 7[R gioh $AEHe
2}E (recording chart) ol AgsE+ =3 4
=8 2% ofgtel] gl A7 o8l YA
2] qteoll s mAE gholl o& AA=C A
A Foll =)o) FoF o]al Fiolls Eol A 4
JiRell= Z717} 3 gl Bl e AR %
o}xW carry overdAte] whAlslw widl2 F
o =g sy o g9 KB &S Zshy
2 ATE fusiA Hloz o3 e g Ade
2 fAlsler gt

=g 9 A ojabE U F=
=8 47} fREH o sl A AR AR
A %) (high alarm setting value) 2} X 33 A
% (low alarm setting value) & 7} QlolA =
2 o7} AT Ar A% AR A4 {715
gt A AR sigt AR ur Al A=Y
$Auke] ol 23 ARE-E B =Y a9 A
ejo] o]4kg oby] Frh. B3 99 Aleji Aol
t}(normal)’, ‘Y&sht(alert)’, ‘ob ¢sict
(worst)’ 2} go]E8 F3¥ Y =3 599 e
g 934l "state.drumlevel olele WSE A
olgch oelx =3 599 Abe] THol| o] g5 oA
E 24 doleel =3 el =8 54 WElEke
e W4 sE 274 “drum. level”,
“‘change.drumlevel” ol2tx Ao|stuA] o5t
o- M wlo]~F FHYch

L

N

]_

(<}
A

do

2

N

=
L.

L

2

=

o 4

s Mo

ar,

%

p

{ Objectname : state

Attributes : ( drumlevel ; 999 )

Description : state.drumlevele]gls HX
(goal) W4~ A9 |

} Objectname : change

Attributes : ( drumlevel ; 37)

Description : change.drumlevel o]gl= &=
=g 372 743 A delele] wWsiakg relyle ¥

+ 49 |
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{ Objectname : drum

Attributes : ( level ; 37 )

Description ¢ drum.levelelzgtes ¥z 37
5 2 g Ao |

=3 ol g #{A] dlo|aE F3317] $siA
=8 09 AAA7}L 0202 Aol ‘F7relrt
(middle)’ 8t31 &z, AR A AR R
Gowa 1 FHolwl ‘ofzk Fri(high) 2tz ¥}
Ak AR s AAA B} Fomi 1 ZAe|d
‘2t gri(low) 2k E¥EGz, AR &% A
Hr}l geom Yri(lower) 8l Bk AR A
A4 v} o Echhigher)' 2t 38l
2, AA AR dAH ] s olF: E
(highest)’ =}z ¥l o0, A= 3l Aol 7}
7 ‘olF drh(owest) Bk Edstdch &3
g A 437] 2] Alade] =3 49 AR
A AA A& 49150)a, AR 37 AR & -4914
olt), =& ¢ Alele] o|Atel T ke Al
m} chac)h or)Me =7 9 2 A A7) 2¢1x Bt
=AYV -28lA e Fod ysicty sty

A AA] AR} shEbel 8alAe) 9lAE =7
48] A AA7) we] vl o} sldeich Bekiichs

A&ty axe] e H HEE BolE =3 ol df
& o3 ¥ HRAHe & 29 At

' 2.=% 599 A3

Table 2. Fuzzification of drum level.

di = =5 4291 [inch]

| @eitrange) ! highest |higher [high|middie] low Jlower lowest

1 a>8 ¢ 10 | 00 |oo]| 00 00 00| 00
2] 6<di<=8 | 05 | 1.0 |00o] 00 |00 00 | 00
3] a<d<=5 ] 00 | 10 00| 00 |00 00| 00
4| 2<d<=4] 00 [ 05 05| 00 [00 00| 00
Sl 1<d<=2] 00 |00 10} 05 |00}00]| 00
6|-1<d<=1]| 00 | 00 |00| 10 |00 00| 00
72 <a<=-1{ 00 |00 Joo| 05 |10 00| 00
5 <4 < dl <= -2| 00 | 00 00| 00 |05] 05 | 00
9 |6 < dl <= -1 00 1 00 |00 00 {00 10! 00
10{-9 < at <= -6/ 00 | 00 foo| 00 |00} 10| 05
nf _a<=-9] 00 [ 00 Joo| 00 |00] 00 10

£ 26 vehhe olakstl 2A%
g B x| o]y g3} o)
} variablename : drum.level

-15 15

=9 el o

universe of discourse :
unit :
number of value :

inch

7
number of discretization :
1

11
number of modifier :

(1499)

% %3 % BRE F10 K

61
modifier : not
highest : .0.0..0.0.0.0.0.0.0.51.0
higher : .0 .0 .0 .0 .0.0.0.51.0 1.0 .0
high : .0 .0.0.0.0.01.0.5.0.0.0
middle : .0 .0 .0.0.51.0.5.0.0.0.0
low : .0.0.0.51.0.0.0.0.0.0.0
lower : .0 1.0 1.0.5.0.0.0.0.0.0.0
lowest : 1.0 .5.0.0.0.0.0.0.0.0.0
discretization : -9 -6 -4-2-112468
description : B3 92| #2] wlo]x |

=81 5919) HA WolAF Holy 2 =3 9]
o) Wl =3 909 Aol gk #{A] wjo]~E
T che ol AT ARl 2s =1 59,
=3 s W=, =3 £ Ade oig %]
Mol 2 olgale] TaT =3 4919 Aelel W
T3 wo| e o3 )
{ Rulename : 1

( Is drum.level higher OR [s drum.level lowe )

—

( Is state.drumlevel alert )
1.0

Description : &8 97} 7 gowdd =8 4
29 Al gt

IF drum.level is higher OR drum.level is

Certainty :

lower,
THEN state.drumlevel is alert. |

3.5 $9le) Al e A% FAeel s
Table 3. Rule base for checking state of
drum level.

Rubename’ Al o
Y Is drum.level highest OR
Is drumlevel lowest
CIs dramlevel high o 17
Is drumlevel low ) AND
15 change.drumlevel zero
Is drumlevel niddle o
Is drumievel high AND
(Is change.drumlevel positive OR
| Is change.drumlevel positiveabrupt )
Is drumlevel low AND
 Is change drumlevel negative OR | Is statedrumlevel
_ s _changedrumlevel negativeabrgn )|

N
Is state.drumlevel worst |

ki Is statedrumlevel normak:

o~

s statedrumievel normal;

|
Is statedrumlevel alert |

(= N

alert

E‘ﬂ' Fr% A7l 2 FAE Y A4 o]

, B Al E Ak AAE SR R4 wlo)x,
:I.E]_l_ water wall FH ztd A& §5 A4
o]l A% FHaA & 14702 AAE 2= AA wlo|x
o} 2 A gt Hz] L5 Hoigh =] o],
ajx 53709 FEHel| F 17670e] AL HAE 2

1_

L
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B A wlelag TEAh AW B AH we)
st el E 49} 7.

= 4. A wo)~
Table 4. Object base.

Ol)]ccln;lrng _Attributes | li()i/\ddrtysj l)cs_cn'plii})n’
_state | drumievel | 999 LR AN
flowtrend —° &M¢

fault _fwsensor
L. | fwvalve |
_waterwall | tuberupture
_ drumlevel
change fw - 5
md!ﬂumﬂuw Lo
fweontrolout
_drum | level | 37
demand power
Mow 0w
controlout i fwvalve

o)A F&H A4 wlolae A4 Hlojxe FH
AR 23 9ol e} 9= X-windowEH7 Shell 4]
motif & o]-§34 T-HE AH8A} QB AE o
siA 7t A Asle] 25 dlo]e st B2 e}
= x]4] wo] 27} &)

FUZZY EXPERT SYSTEM

a3 9. ARE-A}F AlEl o] 2
Fig. 9. User interface.

2. 4% ¥4

AR A 8742 HA] AR ey 7
Tk 3B HFE EA SUN HazdHejds o4
AL, 34 AAE S Yol He RERe 5E
Aol V2SS 3 o]e) 9l (ethernet) LEE WAt}
I gl MC68030-5 sHlgh CPU30E AME3lich
37 Aei7|2& PIDAY717} o] &t Z2li A&
3}y 457] WA 2w Al2RE YREE 7

(1500)

3 A s =81y wele] AAasle vk Agks: 3 572 Aet Aage] gy ALK b

Al EHoleHl 2% CPU30°] o|g&%ch, CPU30Y
VME BUSe|| alejsie] 2 =l A o2 SUN A
o] VESY-E B3 ARE Fo ubA givh = A4
b g3 Al VxWorks ¥ 31d& LAN (Local
Area Network)2 E& 7}xd7} RAMe| 28¥w
Z2AA BEdM AAITE AL 918 o] 8teh. AY
Al FAEE 18 103 Zo)

| |7

-

N
i

Etheret

et} -
I VME Bus I
CPU30 CPU30
S Aol Aol
= A4 L8 3
23 (Al g3y
(PID Hoi7)) 4571 29y

O 10. 48 Aol A=
Fig. 10. Configuration of experiment system.

3. A Xk /‘;__Jr‘%]

Fow A7 23, g9 Aol Wy 3, water
wall FE 39S mApsldA 7F 299 24 o8-8
sk =8 e AE s staal gt Ao
SEMe] AEY AR 0.25[F]72 9z A
g7t Alawlof o] ME A7FE 2[x] =2 ot
agm FA delete] gk kel FA dlojepr)
2 4 e ATAE 100(%] 2, 33kF 0(%] &
ghakgt [%]31E 01%6}"14 Fuz =7 9 F
ol % FA 4 3} 1 2k, w9
(range) &} ¢l zelxw 50{%], 75[%], 100[%] »
oz ¥ A ke & 5ol Rl

X 5ol V& F ﬁ“wl 9] Ak E 100[%]
2 wW#stn, kA E 0[%]2 wWEs (%d9E
o pE el o| g3t} gt Ela g5
Ao wrel /= (BFP)2 o= 100[%]= wievrt
shds] o WS ofvlsld, 0[%]e 9As] 23le

ol". O-u



1994% 107 EFI1SEH

& ou)gic) ke e wAbd R 2k Az G
F A7 w3 o3, Fo o Ale] dE 33 o8
water wall FH T4 o) E vfepd dl= AHAbo]
HO80% £YHslxm, mAelw 208 &
unknowne|®d 608 &H3=F ot =3 49
o Ao izt A<t ANE vjehd gl AAbolw

S 2Yslw, HY¥shd 408 sy, o5 3
3 208 2212 unknowne|w 608 &H3:=E
Aok A AL By Alade] AL Ao
Edgviy £ o gle 1200[%] % sl 2 A
9] A A= AHAbolzbs o

= 5. %34 Wy BE
Table 5. List of process value.

[T e o
!
f

EERCE
4 W ool we | we

T Power | PW 071375 MW &‘s.ﬁgf’l’dﬁo 137, 51
Feedws ter ﬂ(m ; Fry (0-500.0){ Ton/1 Ir] 200 | 300 | 400 ]
M ain HIL an 1 |()W}Fu\ (0-500.0)[ Ton/Hr| 200 | 320 | 440

Drum Level L [-15-19 Inch | 00 | 00 o_.o'j

1) #5% 7{}1]71 3 Babe} Ak Ay

16) A Fl 2000 [Z]3E] Fek 7212]7]7F AlA|
Frsach HA AA deEe 2500[F] 01 F2e 4

l ek EE} 150[ton/hr (30[%]) |"HE HA ¢
ol AE aedsl Mogeh uy 2ARAY do[g
o] 323 wA Avt A= 27 113 g} =k}

A2 23 $47F A @S AH e B
HAsta At Ayl Feek AR7)7F wAbelale A

Hodea gl

(a) g Alo] WlB N=(A £9)9 Wr
At A=

(b) F33 F48 FAA7 23 A A9

(o) %3t water wall 2 sd At A3}

(d) =8 99 water wall 5 7} Xt Az}

(e) =8 et =3 a9 Auf 2 A

4 delgt (———) 2 A AFH (- - - -)

98] Fre & Gulcheensor

[26]  BFP & faulthwvalve ™

N "#‘JJJ\J*—“ T
i

00 500 1000 1500 2000 2500 OU 500 1000 1500 2000 200

(o2} 22
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(1501)

% FE31% B £10 8 63

[%6) Fw & waerwallwberupture (%] L & waterwalliuberupture
100,

100

| li N
50 '\/\,_..‘ T B
i
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(©) @
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R

(e)

a8 1. 39 RT3 2ARA Y dlolEr
353 v A< A

Fig. 11. Process data flow and fault diagnosis
result in feedwater flow sensor fault case.
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Fig. 12 Process data
result in feedwater flow control

flow and fault diagnosis

valve fault case.
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Fig 13. Process data flow and fault diagnosis
result in water wall tube rupture case.

3% 13. water wall
23 3Rk

4. 2ol Ay A5 A&
& Aellx T wA At v Mol iy A}
£ 89oksd ¥ 63} Zrh

2 6.4 Ad AY Ax
Table 6. Result of fault diagnosis experiment.
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