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Abstract — The Symptom Tree Model(STM) based on the Fault Tree Model (FTM) is modified to be appropriate in
fault diagnusis and to be applied to large scale processes. Knowledge representation hybridizing frames and production
rules is presented. It is used to implement knowledge base for fault diagnostic expert system with the STM of qualita-
live model for chemical processes. In order to perform fault diagnosis by using symptom trees on the real-time basis, a
diagnostic strategy with hypothesis and test is presented. In order to apply the presentec. knowledge representation
method and diagnostic strategy to naphtha furnace process, EXFAST(EXpert system for FAult diagnosis using Symp-
tom Tree model) is developed. This developed EXFAST is tested and showed successtul results. It is found that the STM
is quite adequate as a qualitative knowledge model in fault diagnostic expert systems for chemical processes.

1.4 & 2 z2gaprh Ak gl diAr A FAH =Y

(mental model) S-olt}{1]. 221} o)2iF ENAd=

el st A cleld T ARt AF aAg mol, 2qAke) WE, #7159 vz =%
e w 2ol s L Aol FFEel Wk o} FE& @E F YL *EHV\ sz, Hut S

of wf 2 YL FAY] it EJAY AHEHT gAY Jjeigez dste] pAR FEE ¥ T
ol HEE AR 57 A5 A" 3H HFES glek mat o) W itsh(integration) A1 Ao} A2

417



418 AR AT £UA

=gl ae} o]4 UH(fault

diagnosis) & t] 2 o] g A &7 2YASol A B <o)

e (control system)o]

dlolel, 53] +*4 dlelef(numerical data)& 2]
slok sl Huhe FA g} ofd o2 FA
AE7b wAselE o 2 1S F4%e AEshE
o] xxke] HashA =HeicH2-4].

o] 2}%£3}%] o)At zlch(automated fault diagnosis)-&

2

60X ol 2jdiAde] & A AHAeld HRE
oz sfdshz Hog Alztste] 70t F
owA spatFHel wiE7] A]2stdoi]s, 6],
e} oje} e AM el i o1y Fxke
T A dolelg Heldls wo R Alg-E v &
EA4E 7hxl FAeMe gded 4945 hxE 7
odck zef A 8oxdehel] Hoj oA 72 A dlo]e}, 2|4
dlo)e}(knowledge data)& #j2]d 4= 9l-& #ut oh
2} olal H]"lEPd 7FA s
742l ¢ % (artificial intelligence)2] % H-ofal
57} 222wl (expert system)o] o] 4} zwto] w<)

222 a5 ole SHe

Ao 2-4,7]. o] HE/ Ala¥ES FEsl=d A
03 243 Uy odde) z4)e HHE] =
uh el R EE 2]4)g o] Bale] zAckE FHale A
o]c}(8,9].

HE7L Alasdlel A A e x2]e Z3s=
bl e zqlzte] Ag, wxh 733* Hd’%‘(heurlstlc )&
If-Then #(rule)® X #3dt:= -4

A wdg o]fsh= v

e

D A AR A A

<
el wde] FU A4 EHshe %

R CR

il mo] 33 Pz d
dgEcld, HUA) RYRE Y A 427
4 & digraph& EA|8ke] o] &-& #¥E SDG(Si-

gned Directed Graph)[1], 2%-& AFF+22 1A
2d(4,10], & 417 3 &% (artificial neural net-
work) & o] 43 mu[11], ¥4 = #Halel 1
57k =R l(local) Q17 $AE EHFEF SSTM
(Symptom Sub-Tree Model)[12], 7} i<l °l| g A

A ol (macroscopic) <l#t A & F4 e E

A]

s#£¢g FCD(Fault Consequence Dlgraph)[_lQ] 0]
ourk. Mekzel mde Ao A £32]4 Ei= o]
F2 A St Adlo]7]e] Ao HbA)-S- o] 8Bl FA o]
e 23S Zalshe whyga &% Brbed e W
5 Fste iy Tol 2] v FHITde
AR AA Tda 3 Hdepd R AHH 2
ge] #d Wy il 3 xAE sdstax

]
op
10

S Mi28T M4z 19904 8E

tot

st o) dubHez AMggw glri[13]
a2 A AE o]lgsle] FAE st et
ol Xl {recognition) #} -f-%(derivation) 7} lc}. <l Al
gk EA s d w2 71dxt % ZS(hypothesis and
test)ol] oJ& sl A= Ho2 ofy o]AF g1l V1A
I 7H§%l FAEE A2 HF8) Yol whgelo)
frEol ol gy Ealshs 2 AE o]&sto] oy
Al A A ) —’}’UE— A x}(reasoning procedure) & o] £}
stz Whyelri14-16].
2 ——] —f’ﬂu—?: o] 4+ E2] zul(fault tree model) &
4 E2] 2ul(symptom tree mod-
e)& FHo CH'@ Aol 24 2dg 857
FEelE Ao Fdshs e A4
B3le] ol kS P - e
A

Hurstel Aldl FAHolA on-line real
>3

2. 34 EB| 2 (Symptom Tree Model
: STM)

T4 B oY EYE 7| 2E st A o3t
Aol 22 ndl2 2 198613 Han £[17]9] ¢]
A-g o] &3te] M7} Al~dl-g /Nbsigich Han 52
TAH 1 AFHE EAEe ¥ wg wsts
top eventZ 3lo] o]Z& Yoyl RE Uy TH

4521 A5 W Lol L3

2}
top eventZ 3o o]Zle S F= TE 5
Yol 5g dAdss A EE sl o)A At

T
[}
AE7t Alxde] 24 Zdste &

o

1A FE
Z4F 2]+ Boolean Logice @ FdE=F<) e 1
gz gdolnd e of P 7} £33 5] AH4H
dedl 23& 32A F AR s ok
2-1-1. ¥ % Z(logic symbols)
=g $33 top eventZ AHol¥ 1P A 4
}e mile A iy wme 3 wee dJAES

A& 9ol A4%E Boolean Logicg ehll+=

ot

1A



FA EE] B9 o] &g o4 Atk HErh Al 419

OuTPUT AND Gates:
Coexistance of All Inputs
Q Required to Produce Qutput
INPUTS
oUTPUT
OR Gates:
@ Output Will Exist it at Least One
INPUTS Input is Present
ouTPuT INHIBIT Gates:
CONDITION ) Input Produces Output
INPUT Directly When Condition
OUTPUT Input is Satisfied

DELAY Gates:
Qutput Occures after Specified
Delay Time has Elapsed

Fig. 1. Logic symbols.

DELAY TIME

RECTANGLE:

A Fault Event Usually Resulting from
the Combination of More Basic
Faults Acting Through Logic Gates

A Basic Component Fault-An
f Independent Event

DIAMOND:
A Fault Event Not Developed to its
Cause

Fig. 2. Event symbols.
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level decrease.
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Fig. 5. Symptom tree for water tank level de-
crease.
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Inheritance: OVIDAIDL.VALULS
ValueQuas:
(ONT, O SURE PRO FIA CON)
Cardinadity, Wex: 1
Cardinality. Mm: 1
“Wat happen te senser?t
KNOW

Ay s10t: NI . SINSUR.JALLURL Lrem YALLR.JANK.YARLANLS
(0

am 1let; INFLUX.FLOVAATE.BCCAEASED frem FI
Inharitance: OVERRIDE.VALULS

1LIpLN from VAILR. JANK,VARLASLS
Indaritence: OVIRNRIBL.VALULS
ValseClasa:

Cardlnadity.Mas: §
Cavdiaality. Miaz 2

Camecnlz ““Does process sariabls vislate eperetion dand?®*

MICK. FAGLT, CANDIDATES (lecal)
PLICK, SDNSOR. FATLURE
INFLDT, FLOVRATE, DECATASEID (Lo

3 U
S trem VASLA.JANA.VANIARLS
Inheritance: OVERNIDE.YALULS
ValorClass:
{OME.OF NORBUL XICK LOV)
Cardinality. Mar: |
Cardinality.Nin: |

Cowmeat: “"Daes precest vartadle vislate alarw Daad?*
TNDOWM

h ] BATES
mn g)et; hILH. FAULT . LANBLDATLS fres 11
Iaheritance: OVEIRRINC.YALULS
az:

Fig. 6. Frames structure for water tank process.
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LLURE

sub-sys2

—-b‘:ub—sysl

sub—sysS‘I'_'

recycle 1

small delay time

recycle2
- sub-sys4
large delay time large delay time

Cluster 1: sub-sysl, sub-sys2
Cluster 2: sub-sys3
Cluster 3: sub-sys4

Fig. 7. Clustering of large process.
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Fig. 8. Example of relationship between clusters.
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User Interface
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Multiple Treatment
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ﬁ \_l [ Symptom Panel J'"_
< ~ {
I { Symptom Generator I[* ] Fault Panel ] l
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Fault Simulator — ——-[ Output Window I |

l Process Diigram

Fig. 9. Overall structure of EXFAST.
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Fig. 12. Result for naphtha pump failure (time=1).
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NOMENCLATURE
CV  : control valve
F; : flowrate (in)
F, : flowrate (out)
LC : level controller
LSP : level setpoint
L, : tank level
MV : manual valve
mIN : feed in
P2L : pipe 2 leakage
S : sensor
TKL : tank leakage
V, : valve position
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