KIGAS Vol5, No.l, March, 2001
(Journal of the Korean Institute of Gas)

AMzt=alel EHEald 0|83 SHIXN NEHY AlAY Y

d2d-'8 7N
SAUG D BeET
(2001 19 44 Ha, 2001E 39 219 A4)

Development of Automatic Synthesis System for Operating
Procedures Using Temporal Logic and Description Logic

Bo Kyeng Hou, Kyu Suk Hwang :
Dept. of Chem. Eng., Pusan National University, Pusan 609-735, Korea
(Received 4 January 2001; Accepted 21 March 2001)

2 o

A2 $4 A2dEe $AEA P A ARFH =¥ EodFn FY AAE
A EAEARE B &2 olUY AHLFE €49FAY AANTE 948E #9989
EE FHEAE Adstcd oy FEVEY AL AT U ME2E A% AHE
g 5 UES $0 2y 7E&9 A2YES 8L wAEE /AR UG oA 8
ToAME ol2ig EAE A3 KA AR HdxER TAHY S4AH} AT
A AzAL qFE MZE FIWEE AYstd nde TP AL 2 FAANE
dFsA.

Abstract - OPS(Operating Procedure Synthesis) systems can reduce the time and
effort involved in OPS, make the analysis more thorough and detailed, and minimize or
eliminate human errors. And OPS systems capture the expertise needed to create
operating procedures and allow this experience to be used in the new situations. But
there are the limitations of the OPS techniques that have been used. So in order to
resolve this problem, in this work we have proposed a new approach to utilize
temporal constraints and specific process knowledge in temporal logic and description
logic. We have demonstrated its remarkable effectiveness in a boiler plant.
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A& i1l

weta etFgel AFset hHY ¥AE
M F3Y AAN - BA -uAAY - B
FA Zl BY 2AHAE YAHsta £48
E Aol "Wasich F4He9 714 (initial
state) 258 AF =ZEFe(final or goal
state) 2 A 2= A(constraint)- 2 I8 (violation)
82 il ¢GAIA FAHAEZREE B
o @ 23 AAE PAse 43R PAA
29L& 257 gl £33AE YA =
2L F1 54 FAo Ui AFENEY A4
& T - BAMYgE n@gsn FRHYE & A
[2-4].

T 2444 XKL AjAQoge g4 B
ol FAe ojddgel FAA WAY
NE Aadoz B 4 UL Aoz 44
doh. &, 244 FAHY ol AARE AN
Fo FAHA FHYHE HEHY] 94 €s
¢ z2zZg dAHor ¥d. AYFFL A
Bke] Q@A vy EFY ® ol =
A&7 Q4 slop F dlolE 9 o] dAUYERZR
Ay oy z23AE AASe AL 4% o
& doicth a2y SHAA §A A2EE T
o) o4& WASE oG M2y =F
& ol FAHL o) 4g gl WY =
2 v Aoz AAY € 5 U

2. MotE AMAde =

£ dFdA ALY EHEA §d =¥
< Allegro common lisp for windows 5012
A=l qlok Ax%le] FEE Fig. 13 Zol
TA=lo] led, 2z FHaAe JlFe o}
s} 2},

(1) GUI(Graphic User Interface): AF&x}7}
NAAFAY A28A, FAHY 24
o} ERAE, ARx2A F3 e AR
g 488 8 vz HFHeoz @A
g 2AAAE ALEAA AA W FE
zEolch

(2) Knowledge Base: 2+ a9l =8
ZAdAx, 2ete Ao g ¥ .- 38
A B4, 24Ae FYPAY F& go]
B2 FA4g3td A £ X
2ot}

(3) LOOM-OPSTEL: Al8z2%H gt
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< 3T A4 diolEl& A3}
g $ olve} =ul3 @ g9}
AL FeEeo viEYaZ HYAFE =
golth, &, Ax Aol EEH . JF
Hl ANFAE #Fdn FHEAY
Aol HaP ANEL &35l 9T
< FEd

(4) Mapping-Module: #3339 A4 9 .
3 goy 2E52 2o o3 wzg -
FA4UE AYsto EHYHF EA
- 58 vadd .

(5) Temporal-Logic-Verifier: Al Q) =)
gxPE Masn FANYPe] AYs

Ae Q437 AN AFAE A=Y

& H43d Hrste REolch

(6) Safety-Checker: 93 - (3 A|gzx
g AWIE YA gAY e=A
9 4R g yddle 2Eolth

(7) Goal-Tree-Generator: ¥ 3lg ZEE
gdg AAY £ e FS, Aol
& Azxso TR ZERECE A
A= 2 Y. :

(8) OPSTEL-Planner: ${EX &£A{3}, =
AdAkate] Me, a8l FAEHR
94 98§ MNAZdo dEdge 24
AZIA] &3 SEAEHY =g3t=d 9
A% $£4EAE A3 RECIY

(9) Simulator: OPSTEL-Planner7} A A] &
FRzztol AYog AP FHMH WA
g HUdt=d AlSHE RBA] BF
o|t}, :

(10) Flow-Path-Searcher: 8% FAHEE
ARE g7 948 ALEHE €A
REo|t},

Fig. 1. System architecture
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3. 3T =9 EY Wy
€ dFdME olst 2& BAE A §

3 A2 AR AE V1FES FAFHY
Aeigez #8% A AR 8(object-oriented)
Zz AR operator) 2 Y& AA ¥k A A
g 2Rz 4 ER(slot)e FA o|F
(name), 3 4 A(mass-balance), Y= F
Al (energy-balance), A 219 4& 9 ©Qa
% Zu] 2 (operating-precondition), ¥ Al
ok % A (operating-constraint), UY&8 =ZE
(port)2 TAsle] Uck(Fig. 2).

Fxe 478 FX(opology)s MEE FA9
Ao ¢ 37 FAH EB(process flow)s) ¥
4 #¥o] 8ol {1 E(digraph)& Al&
3l dEbdT, F¥adZE FAE JEE
kE(node, €22 HA]), =9 L& Alolg
A7 BAZ JellE olA(are, Mo2 HA|)
Z F49d. o7)A, of3d RAlY x4
(node pair)e 2 &9 WP Qujir) 48
E0], xE A%} X E B Ajojdl &3l ofa
o] =40l (A, Blol¥, = AdA k= B
2 38¢ 9nsle oty (A, Bist {B, A7t
Ealol S8, = A9 5 B Alold =
Gurare] o] e HE Uit = o
F= olaed EAEte =49 Mg uEFE
o] Edit),

(defclass process-unit (generic-process-unit)
((name :accessor name :initform nil)
(mass-balance :accessor mass-balance
:initform
'((sigma (mass-flow-{pi}) over pi in PORTS)
(for-each j in *chemical-species*
(sigma (x-{j}-{pi} * mass-flow-{pi})
over pi in PORTS))
(for-each pi in PORTS
(1 - (sigma (x-{j}-{pi}) _
over j in *chemical-specics*)))))
(energy-balance :accessor energy-balance
:initform )
{((sigma (mass-flow-cp-{pi} * T-{pi})
over pi in PORTS) + g-in)
(sigma (mass-flow-cp-{pi}) over pi in PORTS)
(for-each pi in PORTS
(mass-flow-cp-{pi} -
_ (mass-flow-{pi} * cp-{pi}))))). B
(operating-precondition :accessor operating-precondition
.initform nil)
(operating-constraint :accessor operating-constraint
-initform nil)})

a3y fF¥afze 9&d) FAY E8Hy
Q AdFzs EALE HP¥UL g
a 449 7153 oeje dEFA 2 o
ZBA B dFMe FA ddY 715H @A
& Jehgz] sl8l & 8+=2)(description logics,
DL)E ol &8+ W& AAdtazr §o.
DLE AAle] AHelo HWag HAEL
conceptZ A Alo]ol BAE roleE BYY
4 AE A2 Adol(definition language)d A ¥
el 71249 concept$} relationeZHE EH
28 ¥efe) concept®t relationd A gt
DLo] Alg3t& EH 9oj& Table 134 29 2
t}[4]. A& Eol, ¥z A H(cooling jacket)&
7hA n so]Xogk Ads ol Ae FX WP
zZ7le] glm 3 BEoz FAH e FAY
concepty 4zt o&3 o E =FdAME
E7)e 9BAEE #2371 93 concepte o
242 Azsa, roled 2FAR Az

DeviceN(V connected~-to.Pipe) N

(3 has-part.Cooling-jacket) 1)

DeviceN (Vv has-part.'Cooling -jacket) 1 '

(> 3 has-part) (2)
ojg} ol AHod" FA9 EYEE Ao
concept®t relation® DL2 Tboxol AAso,
& A9 conceptE Aod=ul ol ET
d& o, W u&7)(cooled reactor)$} muk
717 &8 sle ¥ w&7)19 conceptE Z+zt
&3 o] Feldrh

CoolReactor:=Reactor(1

(3 hasjpaft.Cooling-jacket) 3)
StCoolReactor := CoolReactorl
( 3 has-part.Stirring -unit) (4)

Table 1. Role expressions

Description Syntax | Semantics

top role TXT A*X A

conjunction RS R*NS*

disjunction RUS R*US®

composition R-S R*- S*

identity id(C) {<d, d>| d=C*}
inverse R'! {<d, d'>| <d’, d>ER")
transitive closure R Uisa(R""

;2::;2“ reflexive | g UpzalRY"

Fig. 2. Operator of process unit
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Table 2. Concept expressions

Description Syntax |Semantics
top kS A
bottom T [
conjunction cnD (c*np*
disjunction CuD |c*up*
negation -C A -C
exists x| px x
Irestriction 3RC [{deA¥ RYANC '+ 2}
value x x
restriction VRC |{dea” R{D<CY
number X |p*
restriction znR [{dea IR*(@I=C)
number x X
restriction <nR |{de A’ IR"(A)I<C)
qualified number " x
restriction 2nRC|lde A’ IRY(A)NC=C)
qualified number X 1px x
J!esm‘ctjon <nR.Ci{{de A% IR(D)NC*|2C)
exists restriction| 3A.C [{dedom A’ AND)ECY)
value restriction | VA.C [{dE A dom A* = AMDECY)
attribute value — X| ARTaX
map A=B [(de A’ A*=B"}
attribute value

* X a X
lmen A*B [{deAa*) A’+B"}

Tbox(terminological component)el] A &] 5] o}
£ concepttE A9 d2®2(instance)®
T A2 5o} Abox(assertional component)&gls
Fo| AFdct.
REACTOR2: has_part COOL17,
REACTORZ2: Reactor,
COOL17:Cooling-jacket 5)
Object REACTOR2% Reactor®] QJ2®l2e]
i role has-partol 213 Cooling-jacket2] <l
2" 29 COOL17#% d#He] &g HAE
t}. DL& Tbox%tel Sl concept®g ¥F3
o zt Mot 4# Q& conceptdE Folllnz
REACTOR27} CoolReactor 2 33t}
E Ao gaR A3 Ae FH3¥a
4L AR AddE AH i FEA
LOOM-OPSTELE DL 7jte] =23 X
#l < 9 2 (programming framework)?! LOOM
[4]1% 71822 39 ZFFHe sz
HEE AN 2z 2de] g A4
o 8o 48P AFTZE YAHAEE HA
skt
E AFAMNE DLE o83 a&Hez 3
2 Alele]l Bl - 7|F3HA dTAE HA
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A EUYE 5 U& ® oY HAEXY F
Aol 2a¥ BREE #8344 28 5= A
t}. 28] LOOM-OPSTEL®S| A4 A %3} +
Zv A9 dde A4 §98 BEHE DL
layer, DLE Z8¥ A4 FANHY ARE
7 Qe XY ARG 2RAA4z 7Y
layer, Z28]2 #H3&9 49 2 FAeo] A=
g AL BRdof Ao Y A #
29} x| 219 APzA Ayt 29 layer
2 FA =9 sltkFig. 3).

Description Logic

Object-oriented Operator of Unit

Constraint Propsagation Model

Fig. 3. LOOM-OPSTEL knowledge
framework

4. SFHYE s DA YY

AekzA A constraint propagation)@ W
8 Jelile Alcel)d 2 Alole] AjFzxa
(constraint)& ©}83td e g FAs:
e TPHFig. 4). & 8o, 4 At A
B9 #& ¢ gle AT constraint adder
9] E(rule) A + B = CE oj#3l4 4 C¢
#e& F3m, A At A CY ez A Be
He FE FLEB=C - A B2 o]g§
o} UolAe] Aex 9ls e wgez FH
o

Z <Jojo FA WSy gro] iR E A Y, A
Aoz ddHY Jde dE I WUy g
& Agez WA Erh olEd ANFTH
€ ojg3io Zato] o3 FAHANEHY WE
BALY W ol AR AT |JHE X712 E &)
EZxaee =ad elFAdE AF37 A48 9
& Ul E$ Z(dependency network) 715 & ©°J
£% F Aok F, AAEA = 24 ¥E
Az Aig AdgE Y8 A9, Agxd
ARE oE YEeEY 758 A3l ol F
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AZEe FlEd ol 8¥ &AAA AFHY A=Y A

2 FaAgle 99& Fohuo =3
2 E§3¥ 273 SRAHY dFHol tE
3t g Aol

Fig. 4. Constraint propagation

5. 3% AMx=de B
ZEEtI X ME Wy

Adutz oz Eig HetFFel AEX A
SE4L s gusd 3eFRe BE
& A4 3}(Standard Operating Procedure, SOP)
& olgsiol stEsit. gusid GAUA B
e SHEHE FoAA A A= FFE A4
Moz gAdol Hexo A § 5HE
24387] 9 270 olate =3tg Wag st
2SS, #d g& 235 Fo ox 2L A
ol = FAE HEAY & Qi

71&e $AAEN ¥4 A2de AGH A
ojzAn A HIZAUEH A9 J1ES
g X FH| UYL o] L AT Yoo A

278 FQel EAstE ALY AMFRAL B

@A 2322, Fig. 59 &2 T4 A9
x2lE g BY ya &7l € "R C: Aes
(charging) €4 dalv A, B’/ CE #YHe
Sqtdl Cotel ASl FE7F usk w Alolgf 44
g gtg fAsled Bs8d FAPAE YAE
F e}

E AFqMe A - @A - ool e
=4} grEgojol e FHEHY ABFoln
AIZHH Q) BAY AGZANEL AR 7
Bty BEH GAFZE Hxzs}ed o8
e AL AgHt F AejFge EA
ste FAES4Y HAY YNGR HJH
AZte=a e gg Aad o, 2 JRE o
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439 £5 xRAUAE A98d.

Material A

Material B

out-1 out-}

Valve a Valve b

Fig. 5. A process

E#AQ dakzte] MYz Yy R LA
oqBg Haasty) AHMAM UUndd, O
(Always), O{Eventually), O(Next)2 FA€E
AxHfirst order) Y  AlZ=@(Linear
Temporal Logic, LTL) @Aztet V(AID, 3
(Some)® 2L #HAHquantifier), L] A
(And), V(Or), ={Implies), "(Not)$} #& =
2 71Z&(logical symbo)E o]&3le] HEH .
AHA AofzdE B LTLY 71£%2)
ZAFHFY 2 ovje Table 38 2t} o7]A,
f, f1, 2% formulaZ2™ BE7Z =29 Yejg} 4
geige] ztg Wihile $ANFRE FHosie
dAitalelty, EEAZ el ddo] w3 AMFxd
9l A9, flow-mapping-operator(start-unit,
start-port, target-unit, destination-port,
[material, {material-condition}}, <time>)}& A}
£ %1}, flow-mapping-operator®l 4 Fol A
{material-condition}® <time><& optional ¢l
Foln, <time> AFE AMAzAEL VEAY]

o @ 4522 dehan,

Table 3. Meaning of temporal modality

Temporal

Modality Meaning
of f holds in the next state
¥ J holds in current state and

in all future states
&f J either holds now or

in some future state

Either now or in some future state f;
holds and until that state f; holds

Sivfs
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A] 24} ] (start-unit) 9 E x4
(target-unit) Alo]9] &R Fuls 23 3l
= F7HBlock), SI¥¥ +(Trap), 221 3§l
t F7HFlow), 2832 #7718 F7HBranch)&
2 ¥ & dtkFig. 6).

TRAP 00
BRANCH 01 O

Fig. 6. Type of flow
conditions

Aeeige] grel #|E AG=AA AR,
state-mapping-operator(unit-name)&  A}-§-3}
o Fxe Az &3 g} FXdH
e g HA% dF §°, €x(Temp),
<}3 (Press), ¥%(Conc), &H(Level) T3 2
e FAWMS dAaxY HA {578 A3
Purge €4+zt71 Qlth
F£8 VXY = VxIx = f& YX)E&
s BE x7b #Hold, {7} RAEE 90|
31, I[xTH = IxTIA{E Y(x)& U=
e ojd x7t o4, 7 A EE v
o8& Eo Fig. 5% &€ 349 A3 A<
ZA€ LTLE Yeld g3 Zo.

() Viel & B2 A7l x@Hola V29
e 23 Brl yeEEsr € wWrA V3] A
e, & 282 M2 533U vs71y 2
§tolch).

(Flow(V1, port-1, V3, port-1, [AV

Flow(V2, port-1, V3, port-2, [BIHU

(Level(V1, [A, {x})ALevel(V2, [B, {y}]))

(2) V1ol B4 A, V29 EAd B} V3o #
A5l HQto] V3ete A FZ7F usth w A
olg] YAHF ;g AANGHE, F EFL A
2 #2&£49 T3 dgolth.

(Flow(V1, port-1, V3, port-1, [ADA

Flow(V2, port-1, V3, port-2, [BI)U

(Concentration(V3, [A, {u<x(A)<w}])))

ZHo FAYN Me 7eHd z2AAL
o] Mele zzo ¥ FAAMEHe WHE
AAF F Atz EEY AF=dE9
AYARE AAFFo R o]FojA A7IA, A}
45 3AAFzAe 2 H(progression) T
2 &< Fig. 7% B}
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Inputs: An LTL formula f and a state s
Output: A new L7L formula f° representing the
progression of f through the state s

Algorithm Progress(f, s)
Case
1. /=@ (@ contains no temporal modalitics):
f = TRUE if sk=f FALSE otherwise
2. f=fiAfx f =Progress(fi, s)\Progress(fs s)
3. f=fiV.f: f =Progress(fi, s) V Progress(fs s)
4. f="f: J="Progress(fi, s)
5. =0 f=/
6. f=fiUfr f =Progress(fss)V (Progress(fi,s) \f)
1. f = Ofr: f:=Progress(f,s) V.f '
{8 / = CUfi: f :=Progress(fi.s) Nf
9. =V [x:Y)Ifi: £ =N (csr roveny Progress(fi(x/c).s)
10. f= Ix: YV [ =V (e rven_Progress(fi(x/c).s)

Fig. 7. Progression algorithm

6. Case study

B QFA oFE g3 He 22Uy F
A9 ¥y gdgoz dartx Mg, #7, A
72, a2lm |' 78S BEAAIE
atomizing steam< 7 A3 UL F3H
U E2 $Y459 ignitord] ol H3dE ¥
o dAado(Fig. 8).

b—— @
Atomizing Stcam SUPPIY(ASS) Fuel Oil Supply

(FOS)

Fig. 8. Burner section of boiler plant
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Neelsh 28w o8¢ 243 AFHY N9 A

53 Bjuids AL nde FJE @
A%A FAM 71 B3¢ XL YE3e
2 BolEg AMAE YYPYEL I3 3§
39 1 FAYE AFanA snzx @ o
TAY z7]|4elst SR E= Table 49 2
o.

Table 4. Initial and final states

Units Valve | Initial | Final
Number | state { state
1 Fuel Oil Bumer Block Valve D open | open
Fuel Qil Trip Valve @& closed | open
I\",:?\l, eOil Burner Throttle @ closed | open
e::’rgzing Steam Bumer ® open | open
Atomizing Steam Trip Valve ® closed | open
Roriing Sem Boms | § | ciosed | o
Scavenge Valve @ closed | open
Fuel Gas Burner Cock Valve| ® closed {closed
Fuel Gas Trip Valve @ closed |closed
Igniter Gas Vent Valve ® open | open
sl:lr?ee Scanner Cooling Air D open | open
Igniter Gas Block Valve ® open | open
Igniter Gas Valve @ closed |closed
Scavenge Block Valve ® closed |closed
Burner ® open_| open
Igniter ® off off
Flame Scanner @ on on
Fuel Gas Vent Valve ® closed {closed
Air Register ) closed | open

olgl¥t FHo LRAUA FAo] 4L %
+ Igniter Gas valve, Scavenge Block Valve,
283 Igniterd} o] FA 9 xzo] §wl o
4 AEso] 274 ERAHS F98n
FUEELY BH4Y JEA Lo TAY B o}
el o ge Agxde Jxsia gv)
uf & ojc},

1) ¥y7t Fakddz] dele vy F98 &
dsle 713 FL AgHook ol

O Flow(AS, p2, AR, pl,[airhU

((Flow(ASS, p2, Burner, pl, [steam])A

Flow(FOS, p2, Burner, pl, [oilDA

Flow(IGS, p2, Igniter, pl, [gasDA

On(Igniter))

(2) MUE Hg3l2] oldel BAH H g

_43_

E43e RE HE-BEL 943
scavenge Z¢jo] gtE Hojof S}
(T Flow(ASS, p2, Bumer, pl, [steam]) A

“Flow(FOS, p2, Bumer, pl, [oil)A

Purge(Burner) A

“'Flow(ASS,p2, Bumner, p2, {steam]))

=(OFlow(ASS, p2, Bumer, p2 ,([steam],

<2minute>)

(3) scavenge HUL 289 Alzto] #H=@
¥, 313 scavenged ZEHEE F4A gl
of g5 H}.

Flow(ASS, p2,

<2minute>)
=3O "Flow(ASS, p2, Burner, p2, [steam])

(4) Ignitorel 2J&) viyrl A3dA, o)
2§88 E 7t2e Adgolor g

(Flow(ASS, p2, Burner, pl, [steam])A

Flow(FOS, p2, Bumer, pl, [oil)A

Flow(IGS, p2, Igniter, pl, [gas]) A

On{Igniter))

=0 "'Flow(IGS, p2, Igniter, pl, [gas]

(5) Fuel oil& EA}A]7]= atomizing steam
o] g #YH, WY7)l scavengeddoz
HAE Fol fuel cilo] Y2 HYFojo &
o, -

(Flow(ASS, p2, Burner, pl, [steam])A

T'Flow(FOS, p2, Bumer, pl, {oil})A

Purge(Burner))

=OFlow(FOS, p2, Bumner, pl, [oill)

(6) Fuel gilo] MU 2 #Y5z2 AE F

scavenge #glo]l olFMME & H
1= 5

Flow(ASS, p2, Burner, p2 ,[steam])=>

7 Flow(FOS, p2, Burner, pl, {oil])

(7) By M=o ignitor2 FYHEE 7}
27 =Y, H3r)ol FIEHE AYe 3}
wrlojo} #r}

(Flow(ASS, p2, Bumner, pl, {steam])A

Flow(FOS, p2, Bumner, pl, [oil)A

“Flow(GS, p2, Igniter, pl, [gas]) A

On(Igniter))=>Q0ff(Igniter)

(8) el HAARHUEL A vuFAR §
A= 379 E2Fo) g AFE, H3 9
AL g FF¥

(T'Flow(AS, p2, AR, pl, [air])A

TFlow{ASS, p2, Burner, p2 ,[steamDA

TFlow(ASS, p2, Burner, pl, [steam))A

A A8

Bumner, p2  I[steam),

X7t 8] A5 A1z 20019 39
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“Flow(FOS, p2, Burner, pl, [cilDA
Purge(Burner) A Off(Igniter))=>OO0n(Igniter)
(9) M7l Mol FIFE AF, 34
&g FF8Y AR E P
(TFlow(IGS, p2, Igniter, pl, [gashA
On(Igniter)))=COFlow(IGS, p2, Igniter, pl,
[gas])
(10) 71§°l BlYZ #U=7] f3iAe dA
atomizing steam©°] &< = ojo} i
(O Flow(FOS, p2, Burner, pl, [oil})U
Flow(ASS, p2, Burner, pl, [steam])
(11) Ignitore) A#F A% AN L 7t2e
%4} Gas VentZ vent= ool o},
OFlow(IGS, pl, GV, pl, [gas])

Table 59} #o] ¥A4Hd FHAANY & +
Ae A gol & FABHx] G4 Hay
Z7Z9 MY Ald Azt FYEE Agxy
Eg olgsinz & FUZ R G B
A e 2AEC] AAEE ¢ F UY =F
Aoz Adte FHYeRY €wNE Ad=g
g A8 A4 F, FURH Aloje 4%
242 A  de FA9 2ZAAJAAE A
g A=l FHE Agxdd g3
zzdAAr g Yy = g AS, FAES
el SEAEY xolF v 21 3}
olg &9 # e =3I}E MY, ¢4g &
o], Atomizing Steam Bumer Throttle Valve
2} Air Register@ o Z3to] #Fe

7.8 8

e A VA4S AN Age
A4 718k F2E DL 7|wte] 2oy 2y
delazH FAFTHY dHEsE B89 A
A g 2RQR 2de] AE FAHY F29
ey AFTFEE YA FA Aloldl EA
s 283 -7 dZeA R ¥ BRE
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Table 5. Synthesized operating procedure

0 . Progressed Applied
ting procedure constraints constraints

close Air Register (1), (10), (11) 1)

on Igniter (1), 8), (10), (11 (8)

open Igniter Gas Valve | (1), (9), (10), Q1) )}

open Atomizing Steam

Trip Valve 1), 2, A, (11) @)

open Scavenge Valve (1), (2), 1), D (2)

open Scavenge Block |y, @, 4oy, an| @
ve :

wait 2 minute (D), (2), (10), A1 2)

close Scavenge Valve 1), 3), 10, A 3)

open Atomizing Steam

B Throttle Valve (1), (10), (11) (10

open Fuel Oil Trip .

Valve ), (5), A (5)

open Fuel Oil Throtde | (1), @), an) ®
ve

close Igniter Gas Valve | (1), (4), (6), (11) (4), (11)

off igniter (1), 6), (O, a1 D

open Air Register (1), (6), (11 n
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