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ABSTRACT

Shutdown of boiler plants is a dynamic, complicated, and hazardous operation. Operational error is a
major contributor to dangerous situations during boiler plant shutdowns. It is important to develop an
automatic system which synthesizes operating procedures to safely go from normal operation to complete
shutdown.

Knowledge representation for automatic shutdown of boiler plants makes use of the hierarchical,
rule-based framework for heuristic knowledge, the semantic network, frame for process topology, and
Al techniques such as rule matching, forward chaining, backward chaining, and searching. This
knowledge representation and modeling account for the operational states, primitive operation devices,
effects of their application, and planning methodology. Also, this is designed to automatically formulate
subgoals, search for positive operation devices, formulate constraints, and synthesize shutdown proce-
dures in boiler plants.
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SYMBOLS AND LEGENDS

AR [ AIR SUPPLY

FL ! FUEL SUPPLY

FE (FLUE GAS EXIT

ST  :STEAM PART

IG :IGNITOR GAS SUPPLY

BFW :BOILER FEED WATER SUPPLY
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Table 1 Property variables for the operational states

Fig. 3 A part of semantic network for the boiler plant
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Property variables Meaning
temp Temperature of arcs and nodes
press Pressure of arcs and nodes
flow Flow rate of arcs and nodes
phase Phase of arcs and nodes
comp Components of arcs and nodes
level Level of tanks and drums
apval Open/Close or On/Off state of
nodes

stem-position Stem position of valves

func-rule Functional rules of nodes
function Functional model of valves
func-utility Functional utility of equipments

working Working state of equipments and

functional utilities

pre-constraint Constraints before operation

op-constraint Operational constraints

post-constraint Constraints after operation

arc Input and output arcs of nodes

path-comp Arcs and nodes on paths

path Open/Close state of paths
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(b) Overheating and Explosion of Drum
Fig. 6 A part of knowledge base for ordering the
subgoals

shutdownI A& A4 =) #dHo] HLs=
Apmz) BAEA goe RAE dndit. o2 @
e E8A A7128RA7], Bd8 Y feed water
HIHh fuel®) finnge WA FAANAC Fve
AL & F vk E ow Afde AR e
o uds) B o £A48 violde AHe A
= 9tk adA FoF AHHERE FEFS F
2R =ME ARGl AsiA Fig. 69 (a)
of el et ZotilezX A4 YA
=3

1) 23t Jato] oist 58
(Rule®} 725
(IF (AR £F/EAZF/2E9Y) )
THEN (EVENTS £%))olch
(RULE1 (IF ((FUEL-BURNERS FIRING-STOP NIL)
(EP SHUTDOWN T))
THEN (RELEASE-OF-FLUE-GAS)))
o] ¥yl om ok Hth
(741 (9t ((AEWU Firing®l £A 84 %342)
(A7 2717t 245U
ayd (o] BEAT))

Journal of KIS Vol 11, Na. 3, September *%



2) %] Hrtol o Bd
{Ruleg] #+x¥)

(IF (EVENTY £5)

THEN (EVENTY otad, dua a&4, 8444 grhio,
(RULE4 (IF (RELEASE OF FLUE GAS)

THEN (ENVIRONMENTAL POLLUTION)!i
o] £ vl the3 #o
(734 (5vY (vid W&ojH)
L (F7FHFeln))))

3) €A AHe dig 24
(Rule®] Tx&
(4 (IF 1439 47 dg 43
THEN (384 02 52539 £A110lth
(RULE7 (IF (ENVIRONMENTAL POLLUTION]
THEN (CHANGE THE SEQUENCE OF SUBGOALS!)
o] 39 9uje th #rh
(37 (2 (874 9o} WA BHTH)
IY (FUEEY £4E upoje} dh))
FUERY 48 28 F2 AYe 25 A
Yot rulez XA 4 Ued, ¥4 =7
Rule Matching®} Forward Chaining®ddl <l
4 FUAEREY FAE FES A AA 20E
REY &ME AR & + A "ok

1. SUBGOAL EIME $i3t =a7|7e|
MEqy

FUERY &AMV A4EHA0E, 4 FUEE
g4 9d e 27| TEL Fojol 3§

JME Fig. 73 28 whoz Hue 24
717E 27 doh 293} o] ‘fuel gasol #1 W

/A\ OR Gate

gas-trip-valve close

—_— T T
<t 1-fuel-gas-bumer-stops

i 1-fuel-gas-bumner-line_close
S~

cock vent

tnp
valve line )
# 1-tuel-gas-burner-line valve
BURNER
vl v2 v3
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(Op-t
(name fuel-gas-cock-valve)
(initial-stem-position 0. 5)
{function model-1)
{Constraints (Pre-Constraint (FG-burner-pressure check))
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(Post-Constraint (FG-burner-pressure check))))
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