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3 o) a:Ld the operatcr ‘in. the dally runm.ng Qf th% _
"3'5'_plant. This reséarch 1nvestigates a Irfodella.ng tecl'ma.que, known__
.--fas multilevex flow modeli],}ng (M:EM) and asﬁesses ies’ suitability-_ S
--_'for fault dlagnosﬁw applicatlons. A rule base- ﬁor measurerﬁent
___:valldat:.on, alam dnalysa.s and fault, d:.agnoala 15 developed which-"‘ s

. 'lS 1ndepéndent of the process struct‘:"l’g,;e and the number of sensors . :
. used, S0 -.as not to - lose. the general:.ty “c::E ‘the madell:.ng ] o
-tecrmique. A case. study shows that ig is feas:l.ble to use MFM fc:r'_- R
fault diagnosis and that this. l:echnz.que has the flexlbllz.t.y to
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_ Many :Lndustrial ' proceSSes are equ:.pped w1th elabarate qdii'{:'zjcxls’._
. systems whic*h, assist the operat:or in ma@c:.mz:x.ng _SSEétém _
par*fomlam*:e. W:Lth the grow:.ng nead . for rel:.al:;:v.llty and safety,r-' '

theae pracesses are. usually equa.pged w:l.th a large m:mber of

sensm:'s, which caﬁ act:.vat.e alarms.. In the efu’;ent of al fault :
occurrtng, many alama may be triggered. A small Dercentage of- o

these. alaxms w:.ll be d:r.rectly 11nked to the actual fault (prlmary "

ﬁault:} and the remainder are i to consaquentz.al effects of t:he )

primarye fault; the dom:mo effect (secondary Etlarms) Th,w :
_ ' :mcl\ \tes the :meortam,e of having a superv:.soxy and monltor:.ng ' '_

' cont:t‘f‘oller which can diBLiﬂQUlSh prlma:r:y from secondary a.la::ms .

" Alarm annunc:.ation is used to pinpm:.nt breakdowns in the process .

~and’ to lﬁdicate that llmits whicr w111 affect the flnal produgt,J-

are be:l.ng e’xceeded.

) -,\._'- .

Fault d:.agnos:.s systen:ns w:.ll become an \u.mportant: part of control
systems ‘where plants may extend hundreds of meters and” have . :
thousanﬁs of process var:l.ables.__ Due to the actual size of auch L

plants ;Lt :Ls unl:.kely that" the “apera,tor will have "hands on“

experlence anct deta:.led knowledge of the ent:r.re process. Er'h::.s:'_ s
makes it deslrable for the operatcr ‘to be ass:.sted by a fault"_'“

dlagnostic system L e e e

T
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'I'Ehe quest &m ar:.ses,.-- "Can fault d:.agncs:.s ‘ve perfomled with
tpdé.ys qfau%t diagnostlc themrz.es and expert systems?" 'I‘h:.s__ o
prOject repdrt Wl*l attempt to answer the questlonﬂby dlscour51ng_-'
f%ult: &agnos:.s usrng a s:!.mple modelling techn:.que, Mult;a,1 eve]_'_

) Flow*MbdeIilng {MFM), Wthh allQWS'vlrtually'any flow‘process to

ﬁbe modelled and prov1des ‘& phy51cal and functlonal vmew of tha.'

progess. o S N =

o . " L A - . T, Lo, .
. S EEY

'_'I‘his :.nvestxgatlon a:l.ms to assess the effectlvenes;m dn g

performing tasks duch as meaéurement va,ia,datlon, alarm analys:l.s

_ and fault d:l.agrlos:;.s as well as generate a set of gener:.c rules -

to perfom these tasks.- '

W o . . R L

1.1 STATEMENT OF THE PROBLEM.

R

__Even the best operator will nat always make accurate dec;sions;_ :

concern;ng”the prOcess if a mEasurlrg 1nstrument fallure occurs"

' - An experlenced operator may be. able to operate the plant for ‘zome

' _t:Lme by :i.gnora.ng some measurements and relylng on h:l.S knowledge :

o ::.2.___, .:




_ ef the pasb hlstery ef t‘he plant,-. 'Ih:s met.hoc‘z of pperat:.on_-
o heweVer, cannot ccmtinue :.ndefin:.tely and could lead to. mbre

serlous fa:.lures, “since ‘the . eperator may escn:llate between o

4]
0

R
o g

" An :.nvesttr.gatm 1s_ performed :|.nte Mult:__LeVel Flow Modelllng_'_-'_

(MEM) with,the gbal ‘of determining if MFM could be used:as a’ .
generallsed modell:.n.g techna.que which could be dpplz.ed easily to:
“other. processes and a generic rule base generdted "that ‘Jould ba

d:.agnesms cm any f;l oW process.

\J.

..“

' ROLf Tsetmann 161 prov1des a survey of fault det:ection,_mth."
emphasm placed upon the monltorlng of 1mmeasurable quanta_tles._ .
Use waz made of. process models, pa;:ameters,._ state est‘:.matlan'.-

i

mathemat:.cally complex solut:.cm

3

technologidal . syetems. 'I'echm.ques such T as analyt:: cal._

max:.mum and mlm.mm limits of .the plant: 'I’h:.s causes strain to
t:he equ:l.pment wh:Lch coulﬁ result in - breakdoWnS wh:.c}‘z in turn,
. would increase the runn:.ng C‘Gst:. of the plaht;, - '

and _stat:.stical dec:.slons, ' resultlng in- an _ um.que;'

detect and :.solate fallures such as_fsensor based actuat:or'_
e malfunr't:l.on,- leaks and equipment deter:l.orat:.on in- camplex

- used bfor measurement val:.datmn, alam analysls and fau:lt'..

- Gertler [1’71 inves tlgates and presents a. eurvey of techna_ques t:d o

TH t;he 'Izhree M:l.ie Island nuclear acmdent f::sr example, ; t:he.- o

- offendlnq:pressure rel:l.ef valve wh:r.ch was stuck ope_rz :Lnda.cated SR
Cinthe controlh room as be:l.ng Qlosed 'I'his ‘was because the valve_ o
. 1nd1cat.wﬁ ahowed only whether the va,ljve c:perats.ng soleneld was_
S energ:.zed c&r IlOt @and dJ.d not t:uly ref1ECt the posa.t:.cm ef l:he B

valxre[ll] ‘I‘h:r.s A 3.nd:|.cates the :.mportance of mon:.tor:.ng all-=

cj}t cal parts ofi;‘ehe process,-_ AU Lo



L

_."'__._redunﬁanGY, Stﬁ].tlstlcal test:.ng and algnaturéd analysl??SwerE /
- used. The mex:]or paxts: hlghllghted] weré: quality of the failure = -
o .._.'.'-._detect::mn ami isolation aisgarithms, _ isolatabillty, sensitmrﬂy o
and.. robustnees ’No conelderation Was g:.aren to ar mcst impf’rtant

'_crz.ter:.a o:E madern desi_ flex:r.ba.l:.ty. S

Paiil M Fx‘ank [93 d:.scu&sea an ;;analyt\ical reﬂundancy ag’greafeh tc: SR
fault detect:.qi_- and ::,eolat:.en {FDI} and points ‘out that the i

:caee- where on'yf-peor ‘or: mreclse analytlcal models ,are .
£ del—based FDI approach is Stlll problematz.cal. R
I&-z m cencluded ‘tHar - 'FDI s primarily % question of the 7~
. qualitf Gf- the aﬁra:.lab & mat’.hemat:l.cal model of t:he syste:lﬁ A
_._"*"'This is not enfiy :_ly true. The quality Of the model used is -
very impori:a:itr hut: :.t does ﬂot Iwave to be mathematlgalli’ e

e 1ntenenre to be 'h effectlve modelling technlque o

Dana.::. and Ch:.n [2] ‘imreet:v_gate fault; dlagnOS:LS by reg,resenting e
_the fault slgnature by a coiumn of a multi valued mfluence '

. matrix AMVIM). nand use adaptat:.ons ot cope with fault signature e
_-__varlabiJ.:.ty._MV“"ﬁ s & cmmendable method fez: fau?ret, dlagnas:.s AL

_r:_:-when irladequate st_)-_ tistlcs preclude the ﬁse of a str,atz.ﬁet:.cal n

."'-_.pa.ttern classif:.c t:!.on techniq‘ue s:mce ‘LI; does not require any

_ know}edge of the probabllist:.c st:rdcture of the systems. This L

”-:prd/ ;—,s" that the ab:.l:.ty to perform fault d:r.ag‘nos:.e e not o o
em::.::ely dependent on the qual:.ty of the mather‘n,atmcal rﬁodel '

"

Medlock and Furness [14] paper gives a detailed and comp::ehensive c
_ __.fr'"‘a_ rev:.ew of the technmque of maes ﬁlow measurements giv:n.ng -
' conmderanen to dlrect and indn.rect measurements Coo
Neil P. Pz.ercy [7] di‘escrzbes a process of select:.ng f:.lter .
'res:l.dua.l in order to. det:ect and identify sensor fa:.lures a.
Valld geieral:.sed technique for senscr val:_dat:.en for a s:l_ngle
class oi s=nsar fa.ilure was suppl:.ed R o
F 3 __i-///; "Ci =



__ff.G Shlnskey [8] addresaas the"imaeﬂed fax‘ a Etandard‘ andg;y;; 4
. onse‘ia ES geries' QF" te‘sts which may” be used m campam ome
traller agaJnst aﬁoﬁher;_ShlnSkey does nct put forwara a;?ffifﬂ

__-_.._.__-_.standarﬁ agamst wha.ch parfamange can be Judged Bln .

“,3?,gantroller _$¢Qns are unlque and therefore,: ﬁannct bef; __ﬂ“

e all thﬂ Eapers cqnsmdaredAthere is no mentlan af Whather faultj}i.”

-.f;:dlagn°$t1c theory has reached.a standaxd where it can be. freelyggjﬁ

7} // in 1ndmstry, allQWIng for technology transfer; brldging the gap:

[ |

: anls used to 51mulate the process and develop the mult;level flow_
'fmodelllng technique,wwith & generic rule'baae e

Gz: is E ""'4“61' 'fbf'déveioping 'rea':L--t:'i:he‘é:'cbert“systems: for complex
. applications that require contlnuous and ¢ntelligant manitoring:_ o
._LdiEQHOSlS and control {191'<Q-H o | -

.:. engineers 5

R LR

 .33aPPlied dn - 1ndustrY»_The majorlty have put forward Qcmpllcated‘pi .
.@;knique solutlons which age. not - easlky understooai the zeaultﬁjm, ;
....be:.ng that the thecr:r.es hf;-lve nat been plit. :Lnto practic.e by plant__;_._._.

o

'm

A.commercial real time expart syetem called Gensym.GZ rez) [19]:;;f

,ﬂﬁlusedq since G2 is'a ébmmer01ally avallable EXpert EYStemtuseﬁ_;_ “ ;

betwaen academlc researchuund the requlrements af industry. G2

P
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3}”5A high—level 1anguage is prbVlded ror wrltlng rules; functiona
'f;and procedureo in a graphzcal environment.m_ SR .

_“oG2 has the follow1ng capabmlltleea
g

AN

Soanjan applioatmon and focus on key areas

- environment ;L-;-' A L
Respond to évents ‘when. they occur o . -
Apply hoth procedural knowledge and ruleubased heurlstlos
Expreos and make use of rolationships betWeen\objeots

» - - »;_'-\--.-. T . . -'._;

o

_-.:...'\1\

’3fﬁThe aam ofwthis investigatiqn 15 to determine how ef{ective
“'fmultllevel FlowﬁModelllng (MFM) 15 as a tdol er fault dlagn0315.

',r‘(‘

'g”The concepts and rules &eveloped may be applled to dszerento
”5_prooesses w*th a minimum ‘amount of modificaﬁion and without the?
' ‘need to generate a new rule ‘base. Thig is nohmeVed by u51ng a
fn_modular approach anﬂ is alded by @2's progrmmmlng metﬁod, olnce; _
”'fthe xules developed do not reﬁer to particular obj ots but'q
rather, to classes of o%gects. 3-en;__.n5:_.“f f'w:f*7 ~;unﬁ3ﬂ

a1
[

e

The approadh taken can be doscrihed by the followmng otepa.-,'

1. An 1nvost1gation 1nto the. theory of MEM, wmth the addltlon of-- ;
- components to the modelllng techn;que whlfiﬁwgye found to be3 '

lackmng.-f”

knowledge bese,““”--- , .
L :_: R O __n”/{.__ﬁ

-2, The 1mplomentatlon of the process to be modell@g in Gﬁyje _;te7
3. The implementatlon oﬁaMFM in ez to develop the réyulred -
_ : ;




.»'

';__. er fault dlagnasti"s;;fQAu_;fw

Initially it "nré;s .necessary to obta:.n a réaapnable worka.ng
:ﬁ_ knowledge Of GZ A szmple two “tanik process was 31mu1atea

o model Bf the pmocesa was generate&’and same fault dlagngsLics _
ff were perfarmed onhthe-:p%ocesﬁ Thls 1ndicatedupossib1e problemsjfﬁf;rf

R tﬁ&t @ould*‘;oc:eur - e R . L AR

#;T A Sultable process Waﬂ chosen f@r theh urpose af'the stu&y (see
o Chapter QF' The knawledgaabase thab was to be developed had to
. be mndependent of *he acbual prnceas and’ thus. not dependent oﬁ
}f the number ef sensors an& actuators 1n thls partinu;ar plant,;

W 1.5 overview. |

The First three chap*ers (1735 of the project report are.'_ |
o 1ntroductcry in nature; Chapter 4 ﬂsmonstrates ‘how MFM can ke . .
used for 'fault diagnosis.r The 1ast chapLer f5) containS'fff:}~'

- : . v
e

ﬁf:' ﬂhapter 2 Phys;cal Plant Co}'Lguratlon uae& _ _ : )
o The- requlrements of the brocess - to be mndelled are’ sat outf;“__'ﬂ
and the functlonality o” thﬁ test plann is desaribed.”jﬁ?_uf_nrzf

o
Kl

o chapter 3, Multilevel Elow modelling.fV_r'r=-f SO y

_ ;_ . _MFM is introduced wlth.a descrlptlon of 1ts flcw functlonsL ”;r:'
'%1*“_.°rranﬂ, how they connect to each other.: The imn;ementation of5"33
. J"}_MFM in. @2 is demonstrated by - modelllng :&he' process';,-

;;dascrlbed in chaprer 2, 4;}-. L = Lo

Chapter. 4_, Fal_iit . piagﬁcstiie:-_ system,




..(".

:The develqpment at the fault dlagnostic system 15 prapmsed.
whe varxous steps for fault dlagnosls_are d;scussed They

Chﬁﬁ?%r'S, Conclus;on. '- o

The last chapter prov1des a summa:y of thp lnvegtlgatlgn o :

5'and 111ustrates the signlflcance of the research.' -__F**%hﬁ4

Lo

R
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'”3:The prcdéss should 1ncorporate two ot mqre types Of flOW 1n :!“E’

: Emodelled.

:'-erder *o demonstrate the dszerent flow types that can ba fﬂﬂ;

0 .

Flgure z 1 shows the example creata& tor this lnvestlgatlon. It

o de a simple éystem of buffer tanks whlch mlxes twWo 1 quids and
'gfproduces the ;esultant liQUld‘at a conatant rate, ‘re- circulat:ng

TS
T

 jany excess llqnld. e

]

fa
L
L

Productﬂﬁ is produced in- sinall quant:l.tz.es arid SLored .'LI‘.L tank-Az, .
-~ while product B is produﬁed At a constant rate and storad in

tank-al, The liqglds are mixed together to praduce c, Wthh is,

:stored 1n tank~31 TankwAl and tankqu are sztuated above: tank-
_ Bl, with the. outflow of each tank belng dependenm on gravity,
._'desarlbed by the folloW1ng equatlcn. ) Sl o o
S (éﬁrﬂg --rorri_eelis.{-'s* Theorem

i?ffﬁf-fI §;'V |

f_; Oﬁtf1pw

[

_ “fﬂlflt éhould 1ndorporata the’ magorzty of the flow functlans._zﬂi_-
R S 1 - shoulﬁ be of reasonable camplexlty.,_ +,*, e

T ff Lt should be typzcal of processes found ;n 1ndustry,. f;ﬁ o

o)



- __-_'ﬁi;erg_;:j;_:'outflow (mS/s) I
L _'A 1s the anéa of the outlet (nﬁ)--i-*f R
v is¢ thé veloczty of" the llqnld at the outlet (m/s)

g 15 the gravity ‘Constant (9. 81 nVs’)f
'fh 15 the hElght of liguld (m} ';;gﬂg

Source ofpmductA. ' _. —
Sﬂurmgnfprndugtjg P R

  The oh:ective af Lhis blant 1s to keep_the Output flow rate of_h*
tank-B1 constant. This 1s. achmeved by ré'circulating the- exressf
;Qf product C into tankwAi via pump gl The contrmller varies the”f___ i
s90 of the pump ac""rding to- the ‘output of tank—m.f 'I‘hlﬂ S

Lple was 1mplemented using G2‘s szmulatlon faclllty..

CoEw =







The basic flow functicms are :Lllustrated :.n figure 3.1, \this

B

o

" made by M.

'_,f

oefl e

B A v I

a

7l
. D

'ﬂ-_ :

; ME'M gﬁrcaamdes a physical and func&;onal avlew of the prmcess be;.ng s
imodelled. The physical view desCrmbes the components that are__'_':.:_;_..-l B
- '-present in a pft‘icess, tha way :.n wh:.ch they ct:mnect together and"__'_
-'the:.r dependency 119011 BubsystEms 'I‘he functional view represents'"_-' o

' '__-the 9“0315 °f the process and the. funct:.ons “prov1ded, Lo '

R ST "r'-:- . N I R . s T -

.'O

4

._ prov:.des a graphlcgl representatmn of the process, B eaéily"_'
o understood by the operator. A L '

TR
e -

“I‘he exis__ -ing contrib _,_tions to mult:L _eve}._ '1gw mociel,]_;m g ha'\re been i 5
A .Llnd ‘2t the. "Eecnn:mal Bm.vers:tty of Denmark, J..
:'__'_.':-Rusmussen at:. the: Resa Nat.lonal Laboratory and" J_ E Larssen. at' .
___""-'_'-:_the. Depa’rtrﬁent of Automatw ccntzrcal, Lund Instltutg 'of-
g _:Technolcgy, Sweden The ﬁescrz.pt:.on wf E:LFEM :Ln Larsson 5 paper FEE R
.-ModelnBased Alarm Analyaia USJ-I].Q’ MFM is used :m t:hi '1‘_ pro :iect‘_-':':"":""- S

mm models are built: up of basm flow fl-mct:ions, wluch can be _
_connec:tec‘! together t:o farm virrually any - type Qf flow proceEs,_..'___ .

.




o - ’ T;gnspgn may. on:y be connected to sourcas, storage,

(W N Calculatzon - can onl be cannectedtﬂairaﬂsmﬂ-'-- a

'ouﬂ:e car only bl connected tr transpnrt.
-:-.-only halgan amputconnn}aom

_ . balances, sinks, connection and calculation. .. ¢
o - has an input and an autput eunnectad connectlon polnt.

¥beaonnactedtuabalanae. e e
nput and; an output connection pomt LI

' Star__aga canan i¥'be connectedfqatranspoxt,

- :—":'} Bajﬁ""a can only be connected to & barrier or transport, -
; i has an nnput and an output connection po nt. S

- has an. nput and an omput nonnactlon polnt.

:.j-'-_ can nnly ba connected ta a tranaport. -

[3 Cannection canonly be ooanected fo transpgns L E
-may have maﬂy Input and output pamts, o i

FE has mo connection pomts* 3

=

a -nn one oannedfon polnt

Q Goal smnnacba rmly toa manager flaw funct:on. P

o st enden Dum"")F”nnection pomt. - _ﬁ ERIE s

'.Oniyhaaanlnpm oonnacﬂon Polnt‘ SRR SRR R

' Manager describes the contrnl functwn and cannoots to l‘ietwark aﬁ&igoar :_

. Neﬁnork nests to manager andgrfoups several funct:ons”. T



T A

' --'--'__.'Ccsnnect:.on‘ ’I'h:l.s overcemes t:he prablem cf three or mare Dbaec*ts

'QHTWG addltlonal flow\xﬁﬁctians have been adﬂed ta Larsson &??1F

a L

oS '--be:.ng e:ammfcted tbgat.her' n G2 and aids in fault diagﬁast:r_cs. B
"'I'he conne,mtzcm has “TAO - sensory data. Its only functién :Ea to
c‘ombipe the aa-tz:.ibutes of the transports connected & 11:. 'I'h:.a o
s“"*ﬁ becauae G'J wn,ll not allow 1dent1ca1‘\ob3 ac:t:s connact:ed to'
a cormmn ab:[ect. to be referenc'ed by ‘the; hys:.cal c:onnect:.o___'_' '
hetwean °those obj ects and t ,.koﬁunon abje:_?’ _' . s:.nc'e there are
two ob:;eots :Qf t:he same class frem wh:r.ch to c_hoose; e

\"\:_:

l

Calculatlon« Thls is due'to the fact that 1n 1nformat10n flow» R
the g‘nformatian can be changed; i e.' the out;put 1s SQme -

_f:: funcstion of t:he 1nputs, not necessamly tha Bum ;of the 1nputs. e

___ s Yy

E:ach af t:he flow functions ean be used t:o represent e:_ther maés,
_'ene::gy or. informat:.on flow with ‘the. exceptlan of calaulation

Y "-:'__-'-_-_wh:.ch can be uaed only tu représent :Lnformatmn .Elm\( Not:e th_ga_

Flow functlons can onfly be c:onneci:ed accor&mg to tn,er connsteion . -
y rules in f:_gure 3. Z. The mes‘. :meortant rule 15 that:' ‘Flow N—‘g,

_ \ﬁunct:r.on af a L‘xartlcular type may only be conrlect:ed to. ‘:‘unctmns S
| or ‘the. sate: Lype._[l]“ | - ” SRR |

3.1 -":Iﬁm"i‘a;ﬁé:;tatidn ‘of Flow ﬁiincﬁions in @2.

Each O‘f t:.h@ flow funct cns as described above are defined a.s

_ Db_’_‘] scts with their c’:‘ml unlque ‘icon {f:.gure 3 1) ; belonglng to-an

- MFM class;*w1th1n the class hlerarduy of G2. Note, ' in- 62 ad

7 '0bjeCt can be referenced by 1ts name cr, as an. instance of a

Ca




Mass £18 jn_: funct:.cma are’ t:hose functwns wh:.ch relate dlI‘Gthy t:o

-a’."p'h' sical aspect of the plant and hava the follow:r.ng attr:.but:es

Lima,tation.s* deacr.l.be the J.:Lm:.ts whz,ch may I:Qt be exceedéd by the'

A_ compcnent being modelled and - are set: by the user, e‘_g__.; 19@ o

flow, 1ow 1evel high pressure etc‘

Sensory the. type of senscxr cannected and t,he readzng receivs\ \ PR |

from the sensor, a g flow, _ level or pressure.

'1 Management descrlbes the current condit:ion and state of the '
flow funct:.on and the t:.me s:u.nce the 1ast: fa:.lure 1nvolving
the flow, functlon, occur;ged. ' ' o &,, :

 Bach management flow function has. unique attribufes which are

PR

-¥1s

| source. Transport smmga calculauon comwon slnk Naiwork mamger Goal _' e




= ﬁeﬁcrlbedbej-owz RN T T L s M

o :;\J_/__ ;

" f“{"HfNetwmrk.-fhas na attributeg alnce its purpqsh is iny tovn}:_”:
'2_ _' ;udlcatﬁ whlch masa flcw functlpns belanq to the m@nagem §0 ?"::f~
Sl Whlch it :Ls c‘bnnected e S SR

[

':?Manager has three'attxzbutes, faultl, fauitz and CYPG»:Faultiﬁ}_Tf;g
Tl and faultz represent the clcsest upstﬁgam,anﬁ downstreanlmassfﬁﬂ9f  
.5'.::flciw functlons from wh:r.ch the fault c!‘an be. :Lt:’zt-:ent:l.f:uacLr A e._'_'_'_':". N
_ f@ the pOﬁltlQﬂ of the fault Type, éescrlbes th:_ ype of faultf' ;ﬁ7f
"'Tf;that has GCCHrred ' S e

- Gcal* has. twn attrlbutes object and system, Object descrmbes thega,;e,_
l gcai of thﬂ procesa ‘and’ system descrlbes whethef the gcal o,
.tj the process has been achiev%d and lf not, why? e e

AL d .

'”:’?épmfﬁxﬁhéﬁiinﬁq

5 edelitad the Finat with wme. w o Lo

"'__; R

I J_-Con51der1ng the-dlfferent types of flow that hﬁye to ba modelied{?__f;-
S ﬂg'ln the process descrihed e chapter 2, thﬁ MEM model shown in { £j”
'Ifflgure 3 3 can be obtalned The plant 18 separated 1nta threel';' |
}#lawﬂﬁ’ es mass,_energy aﬁd 1nformatlcn(contrcl SLgnals) o
The mass flow, ég. flow of prcducta A, B and C i desdrlbed by
_ the flow netwofw called 1- NET and is constructed as follows‘”
- SOURCEl and’ l—SOURCEz “epresent the source of product B and A
-':respectively, whlch in turn ',h .;ﬁﬁw :Lntc t:.anka' (l-S'I'OB.l and i- STORZJ .
'3ffV1a transports The outflow of 1-STOR1 and 1~STOR2 are comblned 3
"fto form a smngle 1nput into tank—Bl (1 STORB) The_outf;nwgszl-

T




STCJRB IJ..E g;nl::.t :Lnta two._ to farm t;haaaut,put of_ the process {:G‘ _
o SINISIL\*”' "to be, re—-c:.rculated back :J.nto 1-—S‘I'C)R1 ('I‘ANK“ Al) e v:.a et
AR connec!, _

-"__'.:c*.heck that: the actuator 13 receiv:.ng a s:_gna.lt o

:Not'e-, the numeric value dn- front. of the flow functlr;:sn" objec‘tsjf
'nama e g“ l—NE'I', :|.nd1ca1:es it:s posztion ::.n the hierarchy '

.ri;;"_l-CQNj_, _w:.th the aid of pump,-Al il~*mmsa>
_..(1 ‘I'RANS} arc: used to compleﬁe the flm.; patg;j:)

nr
b,

__"T} . This 15 made*iled by a gource‘fﬂ)

.ﬁa sensor) with :Lts measureme{lt flowirlg into a- cakculat:a.om 910‘57 i\
ffunctlon«(3-cAL 11, ~CALC1 aevresents the contr”]

funct:uan ng U

e L

. _"._"-The mass ﬁlow (1-NET1 1s the most slgnlflcam:., s:l.nc:e It‘. &escrzbes w0 |
[ the actual mass flow around the process and is the overall goal

T of. t:he”pr ess Transport 1- 'I'RAN‘SB is’ dependent on 2—1@@3 goal . "
- ,._being ach ved makmg the gcxal of LA"NET_EI“SUbgoal of ,’L—NE'I' s:.m.a_'-':‘
_.'the goal crf 1—NE‘I‘ canrot be accomplished if the.goal of 2"’1‘75'1' is O
- mot’ achleved. _‘I‘he electra.ci w4 flow is in turn controlled by tha o
"'.-"_ccmtroller, descrlhed by B“NE’I'- ThlS fOr"Tl»- a hlerarc:hy With the'-_"'
. 'jachievement of the ' overa.'l- :

: 35subgoals..r,ﬁ g

A

goal being erende{ ) upon the_

tﬂ

T
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'I‘he ma:r.n airn of uh:.s :.nvest::.gat:.on is determmec :r.f MN.[ is a.
feas:Lb:le method ,Eor fault dlagnas;.s {not; 4:0 develop a fault;_-._-:-'_i- -

dlagnost:.c system) . Each Df the toplas mentioned below are m-' g
dtapth f:l.elds of s!:.udy :Ln the:.r own rmhw. .'I‘hey are only touc.hed_

Bl

upon in thlS project report, o show that ME‘M c:a.::c“ be used for Lo

. fault: diagnos:.s,' /

|

i
L

o

/ Faultmagnouls
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A

_ .A fault d;sgnostlc Syetem must eheck 1f pre—defaned llmits are

7¢e$ceeded a8 ‘well. .as. detect more subtle changes in, the -
Q-relatlonshlps between varlables. At the eame time, 1n order to
| have a hlgh degree of reliahility, it 15 essential that bhere 1s
. a way of ehecklng fdr 1nstrumentation efrors A structured vlew jf}
l;; to fault deteetion, mey beeu seen in, Flgure 4 1: i '

'r:'s_'I'he amount of 1nf&rmat:1on t.hat is passed up the failure det:ectmn

_t.e the eperster 4

'ghlersrchy from leyer o 1ayer decreases with increased ‘meaning
The accuracy “of any layer to peri;‘om its - "

B =.__func:,t.:|.on :Ls dependent on the accuracy of the precedlng layer A

Eault capndt be cerrectly ident:.fied if the correct. alarm was not '

f”ident:“‘ifa.ed as the pr:.msry fa,ilure

: .*I'he fault: d:.agnosis process used :m thzs :r.:g;vestigaticn can he L
o desembed by the. flow chart d:.egram shewn ‘7in F:Lgure 4, 2. '

=3

:_'4 1 Mea-aurament validatﬁ. T AT R L v

: : _'_able Lo 1nd3.cate whisrr Y gensor has farled as Well as; when 1t"_'m=s"' i+
- -about to fail ‘Since a sensor can fail in unpredictable ways,_'iE
is necessary to ‘have a r;rariety of dstect:.on methods DU

An effect;l.ve method of measuremenm ve»lmdatuion is hardware

L

"Ifhe ,E:Lrst part of any fa.ult: detedtion system is measurement
':'_'validat:.on, smce ‘a gorrect dlagnosi.-.- “of the fault ‘can't _'be_'_
'fcarmulated on q;i.ncorrect uata. 'I'here are var:.ous methods e_f_j
-meaeurement valldatmn, . rang:.ng from eensor redundancy -{:o'_”'
-'_analytlcal redundaney. A measurement va,'1 :.dat:.on system m‘ust be -

'.'\ . . . .

redu.ndancy, usn.ng three or more eensors to compare the measured

'-values. in order t;b determme the correct measurement A type of -

. :]:)__

S



in

S

' _-ana1yt1ca1 radundancy has been,cqnsidered.hera slnce na harﬁware

was actually used 15 bhls“investlgatmnn.:m

an effdctive method of analytital redundancy is when all posaiblas

'flow‘measﬁrements are taken and by then considering the physical
”«relatlons between them, a faulty sensor can ba 1dent1fied Thls ;
" method is-not always posszble sznce sensors .are expenslve;

  on1y the nunlmal amnunt of sensors requlred are used 1n the
=canbroller. ;_ ;  '

R I

S




'-’.l:'he analyt;mal redundancy method rnust be ah(ie to :Ldent::.‘fy sudden :

"rg':..

e:_;.?,%. .

'._and gradual £a11uree and check for imonsistencies w:Lth:_.'f.-. R

_ " '-In method one, With GZ s abil:.ty l:o keep a h:Lsto::y of i:he: e
| measured value; it ie_poee:.ble to predict, with some degree of .
- .:accuracy the next m "'/s'{;red value. A pred:r.cter is uSually used in. N
ke cont:rol environmem: but hae ‘hot! been uLeed ‘here. sipoe it :
f""_requzres the current and pre*v:.oue :.nputs ae ‘y 11 as the prevleue::_-f*.:"
out'pute 'I'h:te requires complex equatmns, 1eemg the generalityﬂ L
" and. flexa.bility of the modeliing technique. Extragclatien is ueedf'_ R
' 3__'s:|.nc:e :r.t is dependent oh t;he prev:mus meaeurement:s of the sensorﬁl - o
'}_.-'and the tim\.. a Whic:h the measurement was taken A sarrrpl:.ng rate
"-___'_'of ene eeco;;td de uzed tc simplify the equations and reduce the.--f
',number ef verlables requ:.red Tl'l:LS approach does not affect the
_ _generality of ME'M si*nce it ie independent of the plant be:mg‘_"_'-'-f
| '-__-_-.__-modelled, where a pred:.c:tor :Ls beeed cm the t:ype of plant being _' -
".--___"”modelled R | o

. Us:.ng thg Newton*Gregory Forward D:Lfferenc:e 1nt;e::p01ation fomula'-'__' _
- ang -using only 5 terme :Ln erder to m:.n:Lm:Lze the amount  of -

e s T e T ;_'%."" '

4

'compuf:er memory ueed and max:.mlze speed t:he fcsllqm.ng fomula

o .de-r:n.ves an approx:.mate f:Lgure of tpe next read:mg from the -

e

sensor .-

_r;&e'dictéd ‘measured value = X, ~ 5X, + 10X, — 10X, + 5%,

--Where X,*is the measured value 5 seconds ago -~ .
' - J..S the medsured value 2 seconds ag‘of'.ett_::’._-

. : (See Appendix o] gor der:.vat:.on )

If the actual measured value does net: 'equal the pred:.cted

- measured va.‘l.ue & the error in. extrapo‘lpt':l.on, then the seneo:r: ig

. Exa

- | neighbouring seneore ‘I'wc met:hc:tia of meaeurement validati?u have" S
.__been used to :Ldent.ify these feilures-“’ SIEEE e

v



presumed no be faulty. The state of the flow object 13 set tojfiafhf
faulty;ﬁYpe sénsors whlch descrmbes rhe t% e of sensor that hag -

fa:.led. 'I'he aensor is. disabled if two conmcutive readlngs ara N

ﬁound to be faulty. Tha senaor can only be reachlvated by the ;_;  '
opera.t:or‘ R S 3 : S e L

-

The above method Wlll 1dent1ﬁy sudden sensor fazlures but not f."”

gradual senscr drift or fallure¢,,ﬁ---

“The second method is des;gl;;ed to :Ldenta.fy sensor dr:.ft., _Thls :.s_.'_:'."_"__.;:
dpqe hy cnmparlng the condltion of each flow functLOn with' thanhf';v
conditlom of.. its neighbouring flow functians £y If the condition_—_'--

1s not the same ‘as :.ts ne:.ghbours then the- sensc:r has faa.led

Aga:.n, tha failure is 109‘96d and the. state Df the object is set._..
to faulty_type_sensor,aﬁ?_.,T3f{“_, ..¥:wh ?¥ '?-*i Lo

'r:-he.' | é’:ialgr‘ti‘cal‘ re'auzidaﬁcy" uged, - provides solid grounds for
presuming that. the: sensor data is- :val:.d and allows fo:: a.ccurate

alarm analysxs¢ (R’ules :}.n Appenq;t_x FJ o *

g . a

Alarm Analys:.s is a primary step towards the development: of an : =
1nt:elln.gent controller.' At t:h:.s atage the d:.st::mct:.on bet:ween '
pra.mgry and sec@ndary faults lS made ' ‘I‘h:a.s d:.stinct:mn is :

requ:Lred since alarms almost neve:r: oadur alngly and< have a dc:nu.no

effect, tr:.ggar:mg off other alarmsa_ In the 'I'hrea M.T.le Island r
o accldent, :.th:.n a m:.nute o] the first event: t:here was a cascade.' | o

. of 100 a,larma [4] . 'I‘his e,/}/idence points out the :meortance o:E_. i

" show:u.ng the operator the pr:.mary faults nnly, so as not to L

c:lutt:er the operator with unneceSSary :Lnfomatlon in‘a cr:u.sis._

T

[T

v

L



__fuwonce & llnut of the flow, 1evel oz‘pressurefhas been exceeded forfeﬁf'f"
. - any flow function and thé measurements are valid, the’ condition |
. of the flow functzon is. set to. g meanlngful name : Wthh descrlbesf'"]i
"fi?the fallure (Sﬂmbollc Varlables ot oendltlon, ‘Bew. Appendzx Bl.
" 'By cemparing=aehe condltion et the . flew functlem. w1th, the;gf;fV”
_ _ QOndltan of Surroundmng flow functlons, 1t 13 possmble to. makeﬁ'e
Al dxstlnctlen between whlch alarms are’ prlmary and whzch areg'”
"-~“seconda:y ' SR |

BRI

:.sA Secondary fault can he 1dent1f1ed fram prlmary famluree by'
_j,using the rules tf Appendix F.; These canﬁbe condensed 1nto the':

i

e

Ve symptoms of the relevant neaghbouglng flpw functmon

THEN’ the _famlure occurred. by the flow functsan 1s a }}

secondary failure._ﬁ

TF a flew function has high pressure and: low flow

L AND it 8 dewnstream nelghbour has hlgh pressure and low flowff |

THEN the flow functlons alarm state s secondary PR
T ***\S1nce ‘the fault is dswn stream.

By analyslng the relatienshlps between flcwsfunctioﬁs, 1t ls‘ﬁ“?;i.
B ;pessible o’ d;sﬁmngussh primary from\secondary_elarms. This is
””f]dene hy considering the symptom “5f each flow functles e.g. lewsfffﬁ
. _fTow, high pressuve, which are stored in the condition abtributefjk"”?
- of eacﬁ.flOW’function. The symptams are generated.when‘pr:deflned[ B
'°9£g11mits arsﬁexceeded er,_a sensor is found tg be faulty' -

'*a_lit is 1mportant that the aiarm.iimlt be set accurately 1n ordezfiﬁf#-*

'""VLEreedgnleed~ fer thls cculd be detrxmental to the process. T:ﬁ-*”e:'Q

IF the symptqms of any - flow functlon are similar to the P



_':'Once a secondary failure has been :Ldentif:.ed the statea of the--.______' o
3*;£lcw functiqn is set o secondary and the clear state_eounter 48

. Bet to.zero. Ten seconds after the symptome have'flsappearedj;ie.ifx;n;f.
'f{cunditlen is. normaf“and ne new aymptems have appeared, then 1tafyf ;
R assumed Ehat th_ ault has been cleared The state ‘of the flowiffi 5

:,functlen Wlll aunomatlcally be set to nermal _rg? g;,f;;g;gwf?;e.j%

"fefAt this point the data frcm;the sensorschas been flltered and thefhifV“
:knowledge ‘base 1s focused around the prlmary faulté Wheng?_ _];

”"f construct1ng a plant it 15 phy51cally and’ ecenomleally tnllkely”“"“ZF

_f,that all. flow, pressure and other relevant reaaxngs ‘may . bef:?Liﬂ
””7_measured._whis ‘makes it 1mpe551ble to 1dent1fy ‘the exact_point*e+e
ﬁ ln the precess where the fault occurred *:f'-ﬂfﬂfx ' R

E > A mathmd for identifying the region where the fault occu "réci arl"d'".' N
" <. the type of fault, has " been developed. _'I‘wo fault varialifsles are'

Tused Wthh 1dent1fy the reglen in the proaese where tﬁe faulti_' _
“'occurred‘_ihese are the nearest upstream and dnwnstream flowef"_a
' Functions. Frofn these, ‘the fa.ult chn be :.der.tt:.f:.ed ‘B third |

'_~evar1ab1e. fault type is used to- descrlbe the type of fault & g._lf  _
._"-.leak or, blockage.' All three. vara.ables are attributes of the:_'- S

_ fThe accurady of the fault dlagn031s is’ dependant ‘on the numberjf
*',of sensors uaed slnce sensors ‘can be” expensive, often only-the S

'fmanager functlon, ﬂn error message 18 also displqyed on. the .
'_.message board to DOtlfY tne operator that an errar has cccurred :

minimal’ number of sensors needed for “control and eafety are

'.used consequently, not all flow functlens wmll have sensory'j_ e
?data, maklng it lmposslble for. these flow functlons ta have any;-;*:“'

W

: _25'_ o
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Tf_?A.methed for 1dent1fy1ng the reglon.where the~£ault occurred andf:_'

'fflow;fﬁnctlon.me set tc secoﬁﬁary and the clear;state ceunter ie o

. met to.zero. Ten seconds after. the symptems have‘dleappeared i.e. ﬁffoJ

'37cendlt10n 13 normal and no new symptoms have appeared, then 1t'
o ds aseumed,that the' fault has been cleared The'”tate of the flow
'“_f,]functlen w111 automatlcaliy be set to. nermhleh ” A

constructlng a plant lt is physmcally and economically unllkely

jethat all fiow, pressure “and other relevant readlngs may be
_measured ThlS makes it lmpessible to. 1dentafy the exact pOint
ffln the process where the fault occurred. o

e

Tmessage board tc notlfy the operator that an error has Gccurred.

i

”"data, making 1L 1mpoeslb1e for. theee flow functlohs to have any

]

T

't”of sensore used 31nce Sensors can be expensive, often only the”"
__:emlnimal number of sensors needed for control and safety are';'
“-;;used_ Consequently, not all flow functlons w1ll have sensorytgf

'i;At thlB palnt the data from the sensors has been flltexed and the o
.ttknowledge base 15 EOCused. around the prlmary‘ faulte.. When ;]

“the - type of fault, has been developed. TWo fault varlables ‘are
-used whlch 1dent1fy the region in thegprocess where the faulte
".occurred These are the neareet upstr?mm and dewnstream flowf
ffunct;ons ‘From these,fthe fault canﬁbe 1dent1£1ed. A thlrd
'fvariable, fault_type is used to descrlbe the type of fault e, q. o
‘5leak or hlockage. All. three variablee are attrlbutes of thee S
_nﬁnager functlon. An error nessage 15 also dleplayed on thet

'V;The accuracy of the fault dlﬂQﬂOSls 13 dependent on the numberjff.




symptoms.-ln thls case the flbw functlon merely reflacts thé ;

3 'condltlon of" the opposite ne1ghbcuring flow functicﬂ fram whiaﬁ
c Lﬂé\ cond;ﬁlan was requested,- having a recursive effect if” )

fﬂneQulred. “The’ prlmary fault is: dlagnosed only by the condltlcn  5;f L

:” 05 thexflow function and it’sfﬁxmedlate nelghbours, even 1f Ehe f'r L

' :ﬁqnelghbourlng flmw functhns do not hava senaoxy &ata, due to tne '_"
_  _reflect1an.af data. {See Appendlx D for workings pf retlectlcn).;3,ﬁ-“

' A:prlmaxy-fallure_ s diagnosed.with.the same method used in.alarnk
analy51s.. The twc types of failure whlch.are cons;dered,hgre are

| l&aks and blockages (See %pgendfx G for rul@s)‘ @Hese fallurea

k can be%;dentlfled by tha fohlowzng rules and B? reading across
the table 4.2 belaw Cunohei e o o e

.“1 IF the bondltlon of any flow functzan 15 1 i} o
*}7fANB the condition @: tﬁe immediate downstream ngighbour 1s ’#.°
ﬁ;THEN the fallure 15 between the two flew functmong and the
flow functlon is the ﬁpatream fallure poznt “and - the
ype cf fallure is 3.--': Ce S _*]';_3-*\_

o Sl
: _m.

. _ ”hf‘b”;
'f”IF the condltmﬁn of any flow functlon 15 2 "

_ -;AND the COHdlthn of Lhe 1mmed1ate upstream nelghbour 15 1
 ﬁ"THEN the fallure 1s between the two flow functlcns and the

g

TR

S
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L&w,_?law_ﬂiquréhenre e:r: L i.ow_Flow._l’..ow,_.?ranure or : } 'E'.loek'ed'.. Pl
gh_anal_.High_Prassura or__ ; Law_bmi_&aw_rraasum or - p.° nooeo st DL
fligh_.?resa:aw o ) tewlew o2, T e IR

-High_r«eval *.-Low.,nml ox Y I S

-'Iaﬂ__:ﬁével ur S -.=_'_.J:.w_I..aval u:r AR TR .

-.'Lw_muow_?rassure or ;. | Low Flow or .

i§=by the manager function.:-

: shovm in the exa:ane above

_.‘I'he upetream and downstream fa:_lures C:annot be 1dent1f::.ed 111 the' |
" same rule since the dat:a may be" reflected. E‘oxff example, AE a
3_:blockage occurred in. the storage tank (1 STOR3} inwFigure 3 and;”f-”'
thez sterage tank had no sensory data, the fcllow:mg would be
'-_'found ta be at fault. e \\ o

. Upstream 1-TRANSS . L e
_ Downstream : 1 TRAI\TS'T ) o . :

\-'

'7Once the fault has been 1der;3:1f1edE rﬁe fault region and fault
N /g,ype var:.ables of the manager Rur ct:“.ﬁw of the network are set as_'
: “Lcws the MFM modell:.ng"' )
:ﬂa”*operater, qulckly and-

S WY
¥y g

.\\

technique to . 1nd:.cate the ’S‘ga:u.lure o

accurately. ..1_,'u IR _  C ;ﬁj?' e e =_='....

3

D e

L _'-'Normal Lol 1. s o o 4 -..-' g T
. '_=.High_§*2w.3§g°l_9rasm1xe or - ] Low_Flow Low_Pressura .or ¢ | Leak . 7o 1. \ g R
- High FXow_High.Fressure or_ Lw_LavaI_Lom_P\‘rnssure o - | ; s C \ ST
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4.4 MFM Process Management. '

S

L mmdel 1nte'dlff;rent typee of flow,/@hlch.are eepara%ely'managed

IIIE'M ?reeees managemenl: :.e builyﬁ{;p from three ﬁlow afunctlons,
- network, menager arid goal functj.ons, “The network Q‘roups together S
V;fflaw functlens of the eame type with a commgn obﬂegtlva‘_ Tbeig .
,_manager descrlbes the ceﬁprol function and repofts any fallure_f“ngJ

1:1 tl;xe process. - The geal d15plays whether the control funct.lon.___--'i

L _'-_of the eystem zLe ach:.eved an& :.f not, why not?

are reported t:o the system goal. B :_"_‘ ’

Vs

: '-"__'J:'he manager flow funet:.on reee:.vee data from its fl ew netwerk _
The ‘data stored in Lhe xﬁenager 5. attrlbutee iz supplied fro:m tlfze o
‘“"diagnoetlc Fules descrn.beq earlier in this czhapter;. Mana.ger flow
”funct:.ens have a kngwled@e baee called manager rulee (Appenchx B

,H}; Manager rules take 1nte acceunt the values of Lhe manager '

B

5 'I'he eystem goal prov:.des a quick refere:nce to ind:.cate t:o the__

”'-':__-'_.__operator the state of the process. A process may: have more than
oné goal, depengi:.ng on the number oE d:r.fferent typee of flow C
”.being con51dereﬁ3and Whether the flow paths Frosgwp_

o . . . . Wi o . .- ,'
I S : : ; S "I.'-r"'

. 'I'he m]‘anagement process forms a. h:.erarcl;y, whereby ar? ob:;ecft in.'
a network may be dependent upcn t;he g'oal of another flow network.
L In the example ueed, the flow of the pump (l TRANSS} :.e dependem:_---. _
'.upo; the goal of Z—NET whlch 1s the electric1ﬂy supply. If theryfi
_ 'goél of 2-NE'I‘ is not ach:.eved, t:he goal cnf .‘l.—NE‘I‘ cannot be' |

- at:tr:.butes and compile an. intelllgent, message descrlblng t:he .
) .predz.cament of the precess Conclus:.ons frem th:u.s knewl edge baee'



can’ éasily é}applied to ‘:‘ther Pla’f‘t‘s_*, ':f'his is aChlévgd by )
H'jjcopying the
 £al1t qiagnod

';,plant with

L dlagnosls

_ ’-51nce :uc. is only r‘gecessary for h:_m tc observe
s goals{

__ f}flnal‘part of an.lntelllgemt supervxsory-systemh namaly'plannlng, -
'jﬁwhich has not been attempted in this iﬂvebt;gation, due tc 1ack ES

'-diagnosxs._-'“

-ach:.ev‘ad. : 'I'h:.s forms an d.mportam: :nterfac

1endfalised nmdelling technique with thetﬁenerlc
tic system to a new work space’ and canstruct;ng the
!t:he flow Functions of MEM by coné:.derz.ng the

Zl'their sensory _ata and the senscr llmmts set Thls wiL& proviﬂe
-;--'-a descriptlon of }he r&Jtruc:i;1.u:aa.1 and funct:l.onal* relat:bons bﬁ'tween e '

_ o’bj ects,

€

(pressed j.n e <:.rraph:we:a.]‘k forn'g\ and provi“de a fault

.\\\-__’___,_:._,‘_‘____,..-—-‘- T . e L T PN ’ o S e
e i

Can chis chapter it h;Q been demonﬁ?ﬁateﬁwthat MFﬁ'can ‘be’ used as
Ca generalised modelllng tachnlque

o perform the task of fault
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L‘The proneot report has lnveetlgated & fault dlagn031s systentand"
1ntroduced MFM,Z showing ‘how. MFM can be used. for fault;__j

diagnostics. It has’ been found, during this - investlgatlon that?~-

N can be used successfulxy}for fault dlagnosis.,- S

e

~ The main goal of t‘ais investigation was to determ:l.ne whether MEM
' oould be . used to perform tasks such as measﬁfement valldaélon,
*_alarm‘analySls and fault dlagﬂQSlS. SeoondLy, to generate a setﬁ
'.s”of generic rules to perform these tasks._.:' - ' '

'A fault dzadnostic rule base was oonstruotsd arOund MFM, to'_
sse&s the effeotheness of MFM to’ perform ‘the ‘task of faults'f

'g;dzagn031s.“ Wlth the 11m1tations of ‘the 31mple test prooes5g.;

[T

,simulated in Gz, it has been demonstrated that MEM San be used 
R fault dlagn051s wrth currént fault’ dlagnostlé’theory A set

of genéric rules was developed to perform thls taek. .

30 s

T

"7-;MEM:can be used.ss a generallsed.modelling teohnlquefand that MEM SR



Coa

_whlle teatlng the rule base, the advantages and.disadvantages Qfe._e,tn
,.generie rules ~ were: hlghllghtﬁd-” Generlc rules have ;theleef_
f d1sadvantage of belng alewer'bﬁan epecifiw reles ta. determlne thegf,ﬂ__f
:_fallure, ‘since a genermc rule will not only Ke flred for: theffa;ﬁ;'
| ,faulty‘flow functlon but alsa all other ﬁlcw functlong lq_the?_T

.f;‘same ClaSS& Alternat;vely, there are éektaln advant&ges to usmng ej

. J,'I".

. 5.2.1°62 and Implementation of MFM. = - - -

.

'_Gz 15 an excellent tool for develop;ﬁg real time expert systems '

“- _;Its ability ta. express and,make'uSe of - the relatlonshipa betweenf-'-"'

'objects (actual connection between objects and the hierarchlcal
class structure of the obgncts) allows for easy programming and

__a reduced number of rules, slnce an object pan be referenoed by_-i

'a womnection; by the ;class (generically) .or dlrectly~by the 
. objectis name . The ‘ability, -dynamically to. preabe and destroy
"objects and rules allows the: Provess mcdelled wmth G2 to adapt_"'
“.itFelf to change in the process.ﬁ:j_Jﬁ - : -
A o ST
~sfhe fol;ewing'prbblemejwere encountafed Whiie'usiﬂgygzxk-ff'

"1_1}1G2 would crash when an attribute was referenced which dmd
Z?_.nct EXlBL, without giv1ng any explanatlon of - the errorm.f

o

5f;2} G2 has a 11m1ted prlnt out faC111ty, Wthh only allows the

_ user te print on letter size paper,' Elﬂg post scrzpt e L,' .

RTINS



.-.'3) ;;2 cannot referencze an ob:;ect: by a: connect:.on from a comon '

‘cbiget, if two. csbjects from the same class are %:c;nneci-ed to.

o -

the common object.;:- S

'u

5.2 .3 : mFM VTS s | o |

EURE

E '_knowledga base fo:r: fault diagnos:.sz :.s devaloped, _ usipg G2.

'.-i'l

ae

_Theae prc:ble;ms encoum:ered" using vers:m 3 0 Bet:a may bef S
'addressed, in a :Later versmn of Gz. s .

MFM is made up from a few bas:l.cz flow fu.nctions.. £ioim 'wh:icﬁ mdre':""_'__ g
_' .-compl:.cated flow sy‘stems can ‘be. _constructed. This limits: the .
knowledge base to a few funct-mns around wh:.ch a conc:Lse

'. '_ .'Va.rtually any flow process can be broken down -Lnta the bas:.c flow} o

'___"5\';.unct:3.c>ns availaléle in MFM. With the aq.d of the generic :rule base k 3

" and t:he :the:rem: nat;ure of the pragrarr:m:mg styke used m G2 t:he " _
' '::_'flow process. can be mc‘.-delled easily, . The power . that thn.s

g apprqach has over conventional m@delllng, im the ease w:.th which'

'_'._process changes - and* new, designs can be 1mplemented while

_reta:n.m.ng the abil:.ty tc perform fault d:.agnostics

o |

. SHE LT .



oy

_:éf'The accuracy cf the knowiedge‘base lE\deendEnt on the number f

“f;gjﬁFlow tunctions can fail in unexpected ways, nmklng 1t :fffﬂff”f"

5;!3}5The llmlgatzgms aﬁcéuntered whi1q<u81ng Gz*‘wzﬁi mos&;likeyy

' ﬁS)}0n1y flow and prassure relatedeamlﬁres are canmdered, .
. :Zoiwhe cnmponents 1n the example uﬂed have céhatant limits._f;*
7 'is not always the case sznce the\llmlts may, ba dependant

. theories, it @puldxbe faasible o imbiemant a fault diagnmsis
';LsysLem.in industry .;,:* : :

:Icomponent) cannat be defined.precmsaly:

S

'rﬂﬁof sensors used,

-,jimposslble to satisfy'the cendlﬂ gms requlrad to ldentify all
.HPOBSlble failures.;;%gg:_ S . : R .

'*:ffnue to tha use. of generic‘rules the fault di&gnostia proaess R

ifwill ot perform as w&ll as a dedlcated *eahkuque 1n a, tlme Ly

T

'~fcr1tlhal pracass.-zﬂ\-”

. L

be overcome in a later release of G2\ ;“u

‘time or the state of other- - components. 1n the plant; .

i ; :
I SR
5 R . b

'The 1im1tatlona experlenced could bé overcome ‘Wlth quthar N
y-researchf Thig reSEarch:proje¢t has tHFrefpre indlcateu that ‘with (\r]“-*

the: technoloqy currently avallabla and present fault dlagnosis

‘”€ﬁ33

e
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hip appendix describes how the test proceds was implemented fn

B O TS U ML R SR

rm— o - . S

Using the simulatlan faC111ty in\Gz the process was 1mplemented ;;f, T
" The plant ConSlSted of three tanks, ‘a pump and controller,h

craatedf as 'obdects in - @2 _lEth _object has -the sameih

spéc;ﬁlaatlons*-Tﬁg . L a"-;”:*

P

S valzdlty Interval 1 second v_fh';.__hﬁy,pﬁy.f-QTTW“°””

 .Pata.SeFVer, j«' GZ Slmulatar f

The data server for all plant varmables is the Gz szmulator."

' Each varlable wmll seek data from its respective data server.”'

The variable may not cauae ‘forward Ghalnlng when it raceives a

new value. The variable is 51mu1ated using a. 51mu1atlon formula*L]3

ln the varaable s simulatlon subtableq.
I L

B

PRI
- \

slmllar-equatlans._

All threa tanks have the same attributes anﬁfaiéfgpverﬁéd_by R



5

n-ﬂ“'"

Slmnlatlon Details;ﬂfuﬁ; if¥f?f*“ﬂ""
Inflow*-ﬁP-- '

(If randamtlao) > 98 then randcm(laO} elsajo

5;:Tank—A2

Tank~51 The sum.over each,tank taanql connected to tankmsl
| Gf (the 0utf1¢w af tank~A1) ' LT

" :;Q;Gutflow.53; _f RO DN e ey
©(the level of tank~xx * z * g 81 ) 0.5 - LT
.ffVol ”f T:1 \TT }_ }”1[”“ a'i*:“V f_g:ﬁg‘ﬁ:'"ﬁ'ff' 3;_g :gsT*

L N state varwzb*ﬁx d/dt = {the inflow of tank—xx 4~the %utflow Foe e
'i”hé"_'{ of tankmiy} wuth inltlal value 50 o w

.'-f”§y  f-iLevel
' o max(ﬂ the volume of tank-XX/ZU)

'fPressure- : ;“, b : D T
(tha outflaw of tank-XX)“z - Ji5 *;1000 S

fpump“simulapicn détai1sg_ {"ajf

-_Flow-' '

R staté varlabla- naxt value max tO, (the;oﬁgfldw;ﬁfftaﬁk-b;: o
| TnPressure.; o R o
0 5 A 1000 o ( the flow of pump-Al_f-g} S

-

: "dqnﬁromléfef"

Control algnal
(the autflow of tank-bl-a 6, 75 )

T

o



. . -
. o
- R

By arranglng the ObJeCtE on a work space and connectlng
together, the process was implement:ed in Gz. et R

R

o

N W

- /Note; XX .'_:gie'nc_)t_es-'-'ei_t;hea_:_f-Al_',- A2 oF. B:L'.___. o

R

N

xy

i



-t A,ppena:.x B\

" .'f"i"_Attr:t.butes: ! 'c)f Flew Funet:.ons

‘?\

R e,

'I'h:.s append:.x dpscribes »he attrfbut;es of the d:.fferem: floﬁ"

i }3functiQns,. e

Y

- The following attributes may exist for each mass flow function. '~

 Low flow, High flow, Low'pressure & High pressure :

Do "set" 1imité, S0 'uthat : abnoﬁhal "flow 'dr préssures can"' be _
' detected foxr dlfferent types of ob:;ec:ts, s:l.nce not all storage _.
=-_Db]&ut$ are 1c”centz.cal 'I’heae values are set by the user.

.“. T R C o R .' _/;’. """

: _' 'St:ores the ac:tual measured value !J.rom the flow sensor of t‘ms'-'_._
_part:.cular flow function. -n:r.étc:ry is kept with f:we data -
polnta. ‘The value ig obtalned from the sensor. (Gz simul@torl .

five dal:.a pcints. rJ:‘he value .-JS obta:.nec

_ '_ s:.mulatcr) (U T 1)




”coﬁditiqpfi;}*;fﬂ;ii-

T

'__an'd may hav‘e va,lues, normal, faulty__flow sensor,

-.'-_‘JA symbolm variable tham stares the cond:.t:.én af the obj ect““-f___:

-"_-faulty_pressture sensor, 1ﬁw flow,& lQWQressure, hlgh_flow,
".'_'.high__pressure, low: flow low_pressure, low. £low. h_tgh_pressure,-

) _h:l.gh flmw :Low_pressure, ' higmflow high pressure N _and_-- SR

funatlons._ (Appendix J i) RN

PR '_In,_-.__'cémditi_qn-. __& c:ut_.?;.;cgnq__i:;ipn: :

Theae attr:.butes conta:l.n the conditicn of the closest upstream"

o or downe;:ream nelghbours from the COIB'IECt‘.:LOl‘l
! L . .J;‘. .

-mlear;statégdapﬁterf'-Lé vj;if w5i[ e 1ﬁg':'

A count:er to dete::‘m:.ne t:he langth of t:.me that has. past sinc:e

the last fa:.lure occur‘red‘ .

. State::“-"

S

A smnbol:.c var:.able shown.ng the overall state of the c:-bject in"
'relatlon t:o other objects and may have the value, .Ok,_"

_"ssec:c:4'n:‘l.e:'ur3y'jr . fault_ flow sensor,. . fa.ultyﬁpressure sensor,

Fault blockage, Fault, leakaqe and no._ sensory,_data Value 15 8

| E obtaa.ned from the rules J.n Append:l.x E through G. I
g Note\

& valz_dlty of one. aeccmd

nQ sensoryﬂdata.. Yalua .‘LS obta:med for con and ccm level”l-_--,._.,-

N W .

{1) flow, pressure, c:ond:.tlon, c:lear state vounter and state have '

{2} Storage objects don't have 1ow flow, h:Lgh flow or flow, but
low level h:l.gh level and 1evel S:Lmilar for the corldlt:lon'

of the objact.__

(3) When cons:l.demng 1nformat:|.cn flow, :Le. electrical flaw where'_ :
only currert: and vc:ltage can be measured, :E.'l.ow refers to _' )

' carrent ‘and. pressure to. voltage‘ o

. o o
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Q :

. .
‘\\3.....

(' 1;thatf;
*"*.fappendlx E through G).; "1" ;.”_gf‘jlff}”f'

Goal has.twc attrlbutes obgect and aystem 0b3ect descrlbas the u;?“ 

Natwo"k. has' Ho attrlbutés, sincéfﬁit's purpase 15
“;in';fata wﬁlch mass flo
'edmﬂwctfq to de.

Wt T RI
Manager&bhas thrée attrlbutes.'faultl, faultz and ﬁype Faultlﬁff;ﬂ-
" and fault2 represent ‘the .closést upstreanrunﬂ downstrean:massﬁ; : fv
 w flow functlana, from wblch the fault can be iﬁentified, 1."'€
f;the -gSltlon of the fault. Type descrlbes the\uype of. Eault  3€; 
| 'as occurred.. vaﬁue i cbtained. from he rqles 1nwf'7 o

_.;gcal of the preiess and system descrlbe% whetber the gogl of :
. the. K process has been achmaved and lf nat, Whyw.ﬁaiue is'ﬂ*3-

“'4 obta1ned from the ru]es ln Appendix H ij ' : g.fg;ﬁ,;d:_l

Y
SR

o

v

N
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This appendix contains the calculat:ions :.n der:.vz.ng the equation
for predict:ing the measured value. ) SRR

AL -
ii

Using the Newton—Gregory Forward D:.fferenc:e ':‘L_r_itéﬁi::ﬁdla't:ﬂon_%

Pu(x) m(x"’XQj + &D(X“}Cu) ‘X"Xj.) LN R A&OFIN L=D (X xi

Tl

"h = 1 since the intervals betwsen samples is one second.

w .? .

x;._ T oaye T AW, Ay, | - PO

R O
M2 Ya WV YamRveHn . Yeudvardveye o o T
- "'1 ¥y YJ"Y;; _ i.yr2Ya+¥3_ Yd"3Y3+3Ya“Y1 y¢e4y3+5y2;.4y-m+y;

W NP S
i
b
<
"

e

S &

L SP0) = yo + 5*(ys-ye) + 5RAX (vp-2y,ve) + m?fm;éi’z??&fya!
4 BR4R3RYX .(y¢;4y3+6y;—4y;+§’ﬂ S
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‘71¢Thls appendix descrlbes how data is reflécted when there ig’ no-__
”:sensary data available. Reflection and.reflectlon seacndary-work -

fpn 51mllar princzpala so only reflection is deacrlbed "zﬂ_gc 

"':A flow function ngeﬂs 40 be informed Bf whether 1t has sensory;fi
dath or not. This .is done by settrng the maximum and minimum
f(hlgh and 1ow) lxmlts EQﬁal to each other i, e, both eQual tﬂ*},

| zero.

&g, o L oL S
- low Flow = 0 ﬁf;&'fﬁhigﬁgflﬂﬁs=.0'".:hFﬁJ

=Each flow functlon determlnes 1ts Condltlon by calllng the con   
qunctlon‘ No sensory_ﬁara Wlll be returned 1f the flow functlon-
has no spﬂaory data.. B S _:_- T R

L

Fifs,t_. f'_év'.r_ lines __qf -c_dn f'_ux__'lct:i.-oia":.'
: pbn@ﬁh6>qg;_]_

_ IE the low flow of who = tha hlghmflow of who _ff'z"'-':3,;n .
“.MAND.the lcw;pressura of who = the hlgh_pressure of who '
THEN the symbol ne Sensorymdara o L S _ _
AND the state of who is no sensory data o B o
145'-'

RIS



__'the- IF statement. ‘trug.

'E {the* nwhon 19 the name of the flaw functlcn being cons;dered";¥
uThe atﬁte of the flow‘functlon 15 autamatlcalry set siﬁce no A
cono&usion.can be'made abd&? the state, lf there 15 no aensory;ﬁ-.,;v

\yx

data.-“

.“-:;°R°HZ(iE717the - condltIOH df 5stﬁé ' neighbaurlng flow*,_'jfj

E function cmmected at the output of the. ﬂow functmn-.;;_;.

e “is no. aenaory;ﬁata P TR P P et e
S THEN‘reflectlon(the flow-function connected.at the °utput[-'“

af the flow functlon,output blockage)) is faulﬂy

o THmT ‘UO' EtCn X R

.

" The reflection functlon.wall return the symbol faulty 1f the down.  _
*fjstream\§eighbours satlsfy the condltmon being. ¢hecked, making i'__
The refleetlon functlon works en the
o .principals “of Table 4 1 The prQCGSb may - be xecursive (see o
';_  Append1x J, 3 fmr listing of the reflectlon functlen) N ;

18

oo

R

v

If s flow function requxrés the eQnd;EEon cf a nelghbaqring flow fo'"
functlan Whlch has na aensory data then the reflection quCEldﬁ“f }“‘;
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. This appendix contéins the rules used for measureiment validation. .

. {II\ .'

- . -

.IF theaconditlcn of any mmeflow functlcns is f_ - .-?'[il o
C fauity_ilow sensor’ A ;  B
AND the state of the mfm“flow functmons is: not -
faulby flowﬁéenscr f" '“x{_ SR ; . '_ _
: mHEN conclude that the state of the mfm flow functlons is
_ ;__ faultx_flow sensor '_:J'Qn* S
_ AND infcrm the operator fcr the next 5 ﬂeccnds that "[tthL -
R _name of the mfm,_flow fimctlons] haa a fault:y flcmi
'sensor¢ Check the sensur and once the sen&or 1s
_ operational agaln, chen resat the state of [the
_name of the mfm,flow functioﬁs]f " -
. . G‘ :
".IF the condlt::.on of any mﬁm_flow ﬁunctions :Ls
o faulty_,pressure sensor _ L
'”.AND the state af the mfm flow functlons 13 nct

faulty;pressure SEensor: T : S o .
THEN conclude that the atate of the mfm;flcw functlcns 15
faulty,pressure sensor f" : L
AND inform the operator for the next 5 seconds that- ".[the
; . . name of the mFfm_ flcw~functlcnSJ has a- faulty
”'ﬂpressurezsenaor.. Check the sensor_and once the



N

- sensor 13 operatlonal again;_thén reset the state

fg- of [the name of the mfm £low, functlonsi P

, T”__,.T_" T =n- kS ”;*uu; PR '/gfﬁ;;"

_'TF the CQﬂdltlQﬂ gf any mﬁmstorage lS faulty_flé& ]

 Q;m aj; the state qﬁ tha mfmstorage lS nou faulty fl&% sensmr '
: }ijHEN concluda that the state af tha mfmatorage 15 B

R faultx;flow sensor C . o
jg AND 1n£arm the' operator for the next 5 seconds that “i fthHe .
' name of the mfmstorage] has a faulty flaw senSOr, check ”f_

the sensar and once the sensor 1s operational agaln,_
then reset ﬁhe state of [the name of the mfmstorage}
B -.hgw : ..' ' ' "11..: SR
IF the condltlon of any mfmstcrage 1s faulty;pressure senacr
;AND the - state of - the mfmstorage ig’ nah_- '
' »ifaulty;preqsure sensor
THEN conclude that the state of the mﬁmstorage is-
' - faulty;pressure sensar Al :

C AND 1nform the operator for the next 5 secdndszghat " f?h31 .f'

" name of the' mfmstorage} has a Faulty preBSure'?

- sensor Check the sensor and onae the Bensor g

: ”:_f operatianal again, then reset the state of [the
-'_?':; name\oﬁ the: mfmstprage]

T

IF the condltion oﬁ any mfmsource lS not normal

AND the condmtxon of the mfmtransport connectea to the
S mfmscurce is. normal I R B
o AND {(IF there exists a mfmétorage connectad to~the N -

' L ' mfmtransport the condltlon of the mfmtransport -

:LB %h
o GR (IF there exists a mfmsink connected to the
T mfmtransport L

THEN the CDﬂdlthﬂ of the mfms;nk COnﬂected Egnthe L

S _ mfmtranspart is’ normalJ) _ '
THEN 1nform the operatar for the next 2 secands tbat
L source [the name of the mfmsource] has a faulty sensor" _f
AND 1nvoke transport rules | | IETE T

am

o .



:}L ANﬂ CDnClude that fau;tl
' AND ¢onclude that failed :

o TIF the gondltlan\of any mfmtranspert ig npt normal
'*_:AND (iF there exigts a mfmsouroe connected to the

AND eonolude that the state of the mfmsouroe is fault

II

faultl

e s

E 'mﬁﬁtransport S . |
:"THEH the gondition of the mfmsourre connected ko the
- mfmtransport ig normal) ' :

,*JAND ((IF thars exists a mfmstorage connected to the ;

S

l 3

mfmtransporu_'ag__z {3

THEN ‘the oonditlon of the mfmstorage oonneoLed to the o

mfmtransport i rarmal)

T[EOR er there exlsts a mLm91nk connected to the w__ _f*

o j mfmtransoort SRR - ol
o THEN the condition of the mfmsink oonnected to the o
mfmtransport is. normal}) ST S ~2ﬁ-eﬂ'f

e'THEN 1nform.the operator for the next 2 eeconds thetf

"{Lhe name of the mfmsource}u;'”'; L
i'f"ff°”“'_'f-“.V?ﬂf*e R

Ty

"“Transbort [the name of :the mfmtransport] ‘has 1ow flow SERTEE

and’ low pressure -k sensors" R -~-']§:'-

LT_ANQAinvoke storage ruleb-f
. .AND invoke ‘sdurce rules . . :
'3-:AN3 conclude that the state of the‘mfmtransport s faulo'
"e,AND oonolude the faultl'"_“{the name of the mfmtransport]“"
;efEND conolude that feultz faultl .ﬁ_ -

T, -

Ll

r',i.

IF the oonditlon of any mfmetorage is ﬂot normal .
. AND the oond;tion of the mfmtranSport oonneoted at the 1nput
of the mfmstorage 13 normal - ’

'“AND the" ‘condition of- the mﬁmtraﬁﬁportfoonnected at the outputf e

i

of . the mfmstorage is normal .' s --_g
THEN '1nﬁorm.the operator for the next 2 seconds “storage
[the name of the mfmstorage] has 1ow 1eve1 - oheok

“ sensor e .
AND invoke tranSport rule'

AND conoluﬂ:a

atate of the mfmstorage is fault



o

| | &_,_oo. “H”'o'oﬁ'-7-""5 __.“ :ﬁ_ ” | L
ANIJ conclude that faultz =' " [the name of the mfmstorage] W
AND conclude ﬁhat faultl faultz :

1F the_oondltlon of . any mfmslnk is not normal U
"AND the CGndltlbn of. the mfmtransport connected to the
L mfmsink is moymal oyt oo U AL
':7AND ({IF there’ exmsts a mfmsourco connected to the-oaz“"Jo
mfmtranaport oﬁ.=t*‘;~~.'“'-'f=,'f*:"-< 7aiﬁf§”
THEN the oondltlon of ‘the mfmsource connected to the.’
) mfmtransport ;s normal)' ' _ f"j :
?f_OR (IF ‘there’ EXIStS a mfmstorage connected to the PEA Y
" n&nmransﬁort t§.. oS e e *oigfﬁ_fﬂ-*?
THEN the condltzon of the mfmstorage connected to the of-:gl
: mfmtransport is normal)) H-*:,- S .-ﬂ-_ ,'-~.~'j3Q[} 
VfTHEN 1nform the operator for the next 2 seconds that" ‘sink Y
[the ‘hame” of the: mfm31nk] has. a errOR in- the sehﬁor,f'"_ L
- readz.ng" e e 0 o .. A )
A’ND Smveke transport; rules SRR o - L " - | .' LT e T
"AND conolude ‘that tho atate of the mfm51nk is fault
. aND conclude that fault2 = *[the name of the mfmsink] " _' o
o AND oonclude that faultl faultz Sl e

Gon o - . . o
SR PR R : . aon . . “ .

.II_

Il

T

o

S

ey
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F.1 -ss-'mce-_ Rules .

Rulee used bo determlne secondary alarms w1th mfm SOurce

y sncennanx;sounez“'“

.Q,

IF the condition of any mfmsouree 15 low.. flow

AND £the condition of the mfmtransport connected tQ the '

- mfmsource 13 low £low highhpreasure

OR the condltlon of the mfmtransport connected to the .

mfmsource is highhpressure'

.zﬁR (IF the condltmon of the mﬁmrransport connected to the :

mfmsouree ie no sensory data
THEN reflectlon secondary{the conditlan of the

:: mfmseurce,the flow functlon connected at the output of

' the mfmsource ,Output) ) is faulty}) _
- THEN inform the operator for the next. 2 seconds that
| _ saurce [the name Qf the mfmsaurce, has low flow'"
AND. 1nvoke transport rules '

{AND concluded that the state o£ the mfmeource 15 secondary

This appendix contains the rulés used for alarm Analysas. =



OR

: '_'_Dn

0w,

-eTﬁEN infarm the cperator for. the next 2 seccnds that -

IF the condition of any mfmsource is hlgh flow h;gh_preSSure j;;:“
N ANn {the condltlon of the mfmtransport connected to the g;;f"""

_ mfmecurce 15 hlgh Elow hlgh“pressure'{
the condition of the mfmtransport connected to the

N _---..‘.:

mfmseurce as hlgh_pressure SR :-w': .q': o
rhe cmnditicn of the mfmtransport connected te the

. n&msaurca is high_ﬁlow

the’ condition of the. mﬁmtransport connected to the;*fy £:f
 mitmscurce. is high. flowlow pressure .

'{IF ‘the, condltlcn of the mfmtransport connected te the_ f'“:'”

mfmsource is no sensory;ﬂata R S
THEN reflectlon_seeondary{the qondltlon of the ':”
mfmsouxce the‘flow functmon eonnected at the output cf
the mfmsouree ,output)} is faulty) L '

=5

Source [the name cf the mfmsource] has hlgh flow and
hlgh pressure"f;' ' ' '

QZAND iﬁvoke transpert rules _ L c _ :
feAND conclude that the state of the mfmsource is secondary

+

IF the condition of any mfmsource is high“flow
AND (the condltmon of the mfmtransport connected to the

OR

mfmsource is h1gh_flow_h1ghhpressure : _
the candltlon oF ﬂﬁe mEmtransport cannected to thp

_ mfmsourca 1s hlgh flow;lcmLpreSSure

DR

Ehe: candltlan of tha mfmtransport cannected to the '
fmfmsource is h;ghmflow '

the condxtlon af the: mfmtransport connected te the :

-  m£msource 13 hlgh_pressura'
OR

{IF the condltlon of the mﬁmtransport ccnnected to the o

'_enﬁﬁmource is mo_  Sensory_ data o R
57THEN reflectionﬁsecondarytthe condltzon of rhe

e

mfmsource,the flew functlon connected at thHe cutput of

: the mfmsourca ,output}} is fauluy) _
 THEN inform the. aperater for the next 2 secends that

_ L 3“source [the name of the mfmsource] has hlgh flow"_e}
'_'AND ;nvoke transport rules '

)



5tLhNo;conélude'thet“theastate]of.theimfmeouroeHieteecondety_'

s:?":l. e ' ' ' L
IF the oondltlon of any mfmsouroe 15 low flow;higﬁeﬁreééure

AND fthe condltlon of the mfmsource connected to the
-:“%g"7f“ gfwmfmscurce is 1ow flow_hlgh_preesure'

OR the condition. of the mfmtransport conneoted to the'_t e

mﬁmsource is. high_preeeure B _ el
{IF the condltion of the mfmtreneport connected to the'
mfmsouroe 1s 1o sensory data s "Q“' .
THEN reflection secondaryfthe oondit;on of the : )
mfmsource,the Elov function connected at the. output ofrf.
_ the mfmeourc ,output)) iy fau]ty) . '
_'THEN 1nform the’ operator for the next 2 Seconds thet
“source [the name of the mfmsource] has 1ow flow and
S+ high: pressure"." SR o . ”
';AND 1nvoke transport rules TS _ _ :
oAND conclude that the state of the mtmsource 15 eecondary_;efl
G . . ) :. L o - o 3 \ : ’ N
IF the condltlon ofmthe mfmsouroe 15 hlgh_preseure | _ s
AND (the COHdlthﬂ of the mfmtran5port aomnected to the t'
. mEmsource is low flow_hlgh_preSSure___l.a-" ST
" OR the condition of the mEmtransport connected to the
- 'mfmsource is hlgh_ﬁ*aw . ' T
chR the Condltlon of the mfmtran pcrt connected to the
_'7H:mfmsource ig high flowuhlghhpressure | o
:OR_the oondltion of the mfmtraneport conneoted to the
- mfmsou cee is highhpressure_ E : R -
OR. (IF the condltion of the mfmtraneport connected to the&3
"_mfmsource is no seneory_data *'_ _ .
:_THEN reflectlon_seCondary(the condltlon of the o
_mfmsource,the Elow_, functlon connected at the output of"t
:f .the mfmsource ,output)} is faulty} e -_' R ,a._
~.jTHEN 1nform the operator for the next 2 seconds. that . o
. pource [the name of the mEmsource] has hlgh pressure“-f-
. AND invoke transport rulee.ge',ej_agye ."-ﬁ'.“" .




a

a e i

BND conclide that thestste of the mfmsource is secondary

IF rhe condltion cf the mfmSOurca 19 hlghhﬁlow;lawwpressure _

aND £the cowdltion of the mfmtransport cannecte& to ﬁhh
mfmsour&e ig h;ghﬂflow 1ow_prgssure ; 'f-r-'n.u~

-d{m‘msourﬁe 15 hlgh_flow
he’condxt;an of: the mfmtransport aonnected to the
- - 57

.mfmsource lS lnwipressure

 ?jmfmsQurcé ia no sensory;ﬂata
THEN- reflection secondary(the &onditlon of the

'f_”ﬁ'the mfhacurce ,output)) g faulty) CUE o
THEN infoxm ‘the operator fnr the next 2 seconds that ‘?_

“source {the namée of the mfmsource] haa.hlgh Elow%and S

LIg

I 1ow pressure'_”f,ch-~';a_.;_;” L L

'AND 1nvoke transport}rules

'AND conclude that the state of the mfmsqarce is sﬂcondary _

] o e I

NI

OR the condltlon of the mfmtransport connected to the ST

mfmsourbe,tha§flow functlon connected at the autput of _

(IF the qondition of the mfmtransporh cennected ta the :”._ﬁﬁ
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Rules used to determnne secondary alarms Wlth mfm transport

funct::.on.-:__.: T TR T e

u o

IF ﬁhe condition of any mfmtranspdr; is 1ow;pressure
AND TlF nhere exlsts a Hfmsoprce connected to & e}uof'[_
' mfmtransﬁort o-3""' :fm. : 3-“_ %\v P P%\
THEV (the conditioniof the mfhﬁOurce connected ‘o tﬁe
. 'Mfmﬂrdnﬂport'isplowqpressure . ﬂ'““_._. S
OR\Eha condltlon*of'the nwmsource connected to the .
mfmtransbort.is'low Elow. low_pressure .
. OR the conditlon'of_the mfmsource connected to the
']§>';_3 mfm,fansport ié'low flow)) T )
. THEN inform-the operator £or ﬁ s next 2 saconds that
. 3'Transport £ the name o: the mfmtranspnftl Tas 1ow

pressure« : _wfﬁ S D n:3'$'T:,
. . T T

' AND invoke  sourte rules'“f““‘ _ - g
_AND oooclude that tho_otate of the mfmtransport 13
"seconda:y '

B

_ @I""Ty-o*f _ ”;3_= wfj “_LE;*_

IF the condltlon of any mfmtranoport is low. flow R

(IF there ex;sts a mfmsouroe connected to the e
nﬁrmransport R -r'- oy
THEN (the condltlon of the mfmsoﬁroe conneoted to the
S ' ' _ mfmtransport is low flow low_pressure
e OR the condition oF. the*mfmsouroe connected to the
e mfmtransport is 1owupr985uﬁE)) wﬂ
THEN inform the operator for the nexn 3 seoonds that

S check Senpors“

Y

:“transpOrt [the name of the mfmtranSport] has low floW’.";.'

AND 1nvqke source rules o _ﬂ_ﬁ?:_}“Q Lo s e e




AND oonolude that the state of the mfmtransport is”

o secondary “;_ o :
_:; IF the oondmtmon of any mfmtransport is lhw flbw low_preseure
_ooAND (IF there existe 2. mfmsouroe connected to rhe RS
e mfmtranSport f“;~~;.~¢,;“ ' S . L
'T'”  THEN (the condltlon of the mfmsource connected to the ,F

: ' B mfmtransport 19 low.. flow 1ow_pressure f' _ 'e _

: OR the condition of the mfmsouroe conneeted to thef:'

*gg-f-j{{Q~ .mfm;ranSQOrt is low_flow - | S
L '; ORthe conditﬁon of. the mfmsource oonnected to the;~

o mfmtraneport is 1ow_preseure)) . S

-f ;AEN 1nforntthe operauor for the next 2 seoonds that

"transport [the namewof ahe mfmtransport] has 1ow flow“ﬂ"'

AND 1nvoke storage rules

AND 1nvoke eource rules

AND conolude that - the state of the mfmtraneport 15
' secondary ' o o

) :IF the condltlon of any mfmtransport im low flow :
'-AND {IF‘LhEre exmste a mfmstorage connerted at the 1nput Gf'b
th,e mfmtransport o Lo '
THEN (the condit;on of, the:mfmetorage connected at the '3~T
) _.;input of tde mfmtransport is hlgh_lev&e i*] v _
 OR the condltion of the mfmstorage conneited at the inputgl;
';A'of the. mfmtraosport is hmghhpressure A _RL.- S
OR'the oondltaon of the mﬁmstorage conneoﬁed at tae 1nput"'.
_;}of the mfmtransport ms hlghnlevel_hmgh_@ressure :
COR ({IF the oondltlon of the mfmstorage connected at the
”__ input of the mfmtransport 15.10 sensoryﬂdata g '
THEN refleotlon_secondarthhe oondztlon of the
-_“mfmtranaport the £low_function connected at’ the input-”“=
of the mfmtransport ,1nput)) ig faulty)) e o
'51THEN info*m the operator for the next 2 seconds that o
o “transport [the name of ‘the mfmtransport] has low flow B
ANn 1nVoke sink rulea S . o



AND oonclude that the etate o£ the mfmtransport 13 ij;:j.f
secondary : : . LT - o

_ f " the condltion of any mfmtransport ie 1ow flow
n*'AND tIF there exists a mfmstorage connected at the output of
B ~“the mfmtranSpono . _ : r- AR B
fTHEN (the condltlon of bhe mfmstorage connected at the
e “' outpuL o the mﬁmtransport is low_ 1evel L
'TfOR the oondxt;on ‘of ‘the nﬁmstorage connected at- the FTTV““
:m__' output of - the mfmtransPOrt is hlgh;pressure )
.:f:OR the oondltlon of the mfmstorage connected at the
_:”;E%ﬁoutput of the mfmtranspomt is. 1ow 1eve1“h1ghhpressure
'“e’jfe {IF the condmtlon of - the mfmstorage conneoted at
the outpur of ‘the mfmtranSporn is 1o, sensory_data :
THEN refleotlon secondary(the condltlon of the - -
h mfmtranspOrt the flow_ funotlon connected at the
output of the mfmtransport ,output)) lS
_ PR faulty)) T T o
THEN 1nform the operator for the next 2 seoonds that _
'-Z"transport Ithe name ‘of the mfmtransport] has 10w flow f
AND - inveke- sink rules B S 7 -
AND oonolude thar the state o£ the mfmtransport 1s

-'zsecondary

CIF the. COHdlthH OF" any mfntransport low flow highﬂpressurelnﬂJ
_AND {IF there EXlStE a mfmstorage connected at the inbut of L
_the. mfmtransport _ S _ B B
THEN {the condltion of’ the mfmstorage connected at the'
_ input of the mfmtransport 1s hlgh_pressure ' .
QR the cond;tlon of the mfmstorage connectedaat the input
" of the. mfmtransport is hlghhlevel high_pressure__” _
DR the condltlon of the mfmatorage conneeted at the 1nput
) ' of the mfmtransport is- hlwh&level _ o '
:nOR (IF the COndltlon of tne mfmstorage connected at the
' 1nput of the mfmtransport i8 no, sensory aata
THEN refleotion secondary(the conditlon of the




IR U,

mfmtransport the flow functlon connected a& the 1nput

_ of the: mfmtransport ,cnputji ig faulty))
THEN 1nform the operator for the next 2. secondﬁ\that

“transport [the name of the mfntransporti ha§ low flow -

', and high pressure "oz . T UG
AND 1nvoke sink rules f-},-”-'"ff'ﬂ_ S ek %_

AND conclude that the state ofgthe mﬁmtranaport lﬁ c
N secondary LT e a* e

IF the condltlon of any mfmtransport 15 hlgh flow _ _
AND (IF there EXIStS a mfmstorage connected at the output of

thc mfmtransport B T h.g_w
THEN {the’ condit;on ‘of the mfmstorage connected at. the
B output ofkthe mfmtransport 15 hlgh_level _;;;p;.f.w

e OR ‘the condltlon of- tho mfmstorage connected at the omtput

“of, the mfmoransport is high_pressuro fﬁF ":: = ‘uﬁm%

OR the comdltion ob the mfmstorage coinacted. at the output_'

3

- of the mfmtransport is hmgh level hlgh_pressure

OR the condition of the:mﬂmstorage connected at the output;ﬁi'

. of the mfmtransport ig hlgh*level low_presspre

OR {IF the condﬁtxon of the mfmstorage onnected at the .

output .of the mfmtranaport is no, sensory_ﬁata

THEN reflectlon_secondary(éhe condltlon of the
mfmtransport the flow functioh connected at tce output
of the mfmzransport ,output}) is faulny})

THEN inform the: operator for the next Z seconds ehat
ntransport [the name of the mfmtransport} has high
.m'. level*f _e? o S REY ~?1_
: AND invoke source rules S
_"gAND invoke. storage rules - : .
B _AND eonalude that the state of the mfmtransPort 15
B ' secondary 'f__.,-.ﬁ._ _
) S i :o. R PRI

IF the Condltlﬂp of any mfmtranspoft 15 hzgh_flow _
AND {IF there exists a. mfmstorage connected at the 1nput of
the mfmtransport o R v




- i

' THEN (the condltlon cf the n&ﬁmtorage connected at the '
f:ln%ut of- the mfmtranspart lS high 1evel '__ o L
) -"OR the ccztidition of the mfmslt:o’rage cgnnected to thef +
) ]_ 1npum af the mfmtransport is high_pressﬁre B
. fOR the Condltlon of ‘the mfmstorage connected at the:_
'Tf”lnput cf the mfmtransport is high level hlgh;pressure
::.OR the condlt::.on of the mﬁmatorage connected at tha : ' S
. ;anut of t:he mfmt:ransport iS S . o B -:.":\.‘:
highﬁlevelmlowﬁpressure ';?[' . ".'"ﬂﬁ."' SR
(IF ‘the condltlon of the mfmstorag’e conneeted at B
the input of the mfmtransport is nd_ﬁenaory#data o 3
THEN refLECtlon secondary(the cond;t;on of the
nﬁmmxanSport the flow function conpacted at the
_ i input of thae. mfmtransport ,:anut)) is faulty))
THEN 1nfarm ‘the cperator for tha next 2 secunds that o
"transpert [the name of: the mfmtransport] has high .

_ IEVel“ff“ _ R
'ﬁmn 1nvoke sourée'ruies .3;«f {ﬁ'F“.”. Lo Sl
. AND. invoke storage rules .':_-*"”-;f L l" - f;fgﬂ';ﬁ::'_Lﬁc
. AND .conclu&ehthat the State of t_—,he mfmtransport: is ) R - .
,Sec::ndary : . e . LR

fIF the capdltion of any mfmtranSport is o B
“high_ £low, 1ow_pressure'.i.'f, R fff " ;?-uﬁ,ﬁ,i _
.ANﬁ (IF there exists a mfmstorage bonnectpd at the output of

a

the mfmt:ransport T S8
THEN (the ccnditlon of the mfmstorage conneﬁted at the _
"dutput of the mﬁmtranspdrt is 1ow;presaure “ N &n@_f
- OR- the condition ef the- ﬁmmstorage ccnnected at the o
. cutput of: the mﬁmtranspart 13 hlghmlewel .
_ _ low;pressure ' B S : _
?hj OR thp condltlon of bhe mfmstorage connected at the;ﬁ}f
B output of the mfmtransport is h:l.gh__level | _
.. OR the ccﬁ'Ldit:Lon of t:hé mfmstorage ccmnected at the -
output of the mfmt:ransport 15 _ »:: o
highwlpvelﬁhighupressure : L




'e”lmJR {IF the condlblon of the mfmstorage connected at';,'

the. output of the, mfmtransport 18 1o, eensory;ﬂata_g.h:“

Coeg

THEN reflection_eecondary(the COﬂdltan of the
AR B mfmtrlnaport ‘the flow functlon connected at th§
ffﬁg“{?'fff :Q_ output of the mfmtraneport ,output)) is v"*'

"f THEN~1anrm the operator for the negt 2 aecondo that _ _
' ‘i-"transport Tthe name’ of the. mfmtren3port“ AT h;gh flow

and Low pressire " ffégo,ef“H;_;__gv,¢"¢¢51i_aﬁ; o
hND 1nvoke Elnk rules o l:']]Li B :? ;
AND conclude that the state of the mfmtraneport 1e

e 'ﬂ} eecendary L

Te 8 .,rf-_ =T??.5*H-'f“".]-h T T s -

_ .- P S _
S IF the cdhdltlon of any mfmtrangport ae hlgh_prESSure o}f o

BND (IF theFe exists a mfmsthoge conneated at the output of

. the mfmtransport 5 S e : _';
_-“6';1 THEN Cthe condition of the mfmstorage connected at the _

: ' :Fﬁ . ':.ﬂf-. output of ‘the. mﬁmtr@n port is . 10w level

OR the oondmtlon of" the‘mfmstoraQEuéonnected at the
utput of the mfmtransport 15 hlghhbressure

QR the condition of the mfmstoragn conneﬂned at the

- AT

. output of the mfmtransport 15
_ 1ow level high_preseure , : : . -

OR the condltlon of the mfmetorage connécted at &he
output of the mﬁmtransport is_ L B

L “hlgh_levelmhlgn;preseure _ . .

- _;ijﬁ;”(IF the condltmon of the’ mfmetorage connected at
?f:;:ﬂ} qthe output of the mfmtranSPQrt ig no_ seneﬁ;y;ﬁaua
' '.THEN reflection, secondary{the condltlon of the

o nmnmrensport the flow function eonneotea at the- .

IR _ output of the mfmtransport ,outputhJU1s

. faulty)) ‘_; T L j;_“*”
THEN inform the'operator for tue next 2 eeconde th&o’

q':“transport [the name of the mfmtransportl hes hlqh ffgi--_.;f:

o pressure * g' T
. AND invoke sink rules el ey ..&;_

2
]
a
PR

_..—
<. ..
b
&
n

B



2D conclude that the state of the mfmtransymzt 16

f;f secondary - ﬁ_fafr':'.@:g%.::ﬂ-.j?’f;_-_IVﬁe- j-.qaz

IF the conditioﬁ efﬁﬁny mﬁmtranspert is high_pressure
AND (IF there exists e mfmstorage COnnected at the 1nput of
the mfmtransport R '

THEN (the eondltlon of the mfmstorage cennected at the'”

L 1nput of: the mfmtransport is. hlghelevel;fyﬁl

OR the conditlon of the nﬁmstorage connected at the R

eQT_'§§QQ 1nput of tha.mﬁmtransgort 13 hlgh_preSSure

a

OR the‘eondltlen of the mfmstorage connected at the
1nput of the mfmtransport 15 B o '
high level highdpressure - ' . 5
(IF the conditlon of- ‘the mfmstorage connected at--e
the 1nput uf Lhe mfmtransport is. no. sensory;data
THEH reflectlon seaondary{t ‘condltlon of- the

' mfmtransport the flow functlon conneuted at the"'

. input of the mfmtransport ,1nput}1 is faulty}l

THEN 1nform the operator for the next 2 seconds that
""traBSport [the name of the mfmtran5port] hag ?;”
'hlgh_pressure "  1_,:_ o :'__'“_ 2 _'=;_

AND 1nvqke 31n? rules'-_' - "'] T

AND conalude that the snate of ‘the. mfmtraneport 15.

‘ secondary

IF the condition oF any. mfmtransport 1s _
high_fIGW‘lew_pressure _TL*;.-'- ' '.H*."'-'”;'e'
AND (IR there existy a mfmsterage connected at the 1nput of
the mfmtransport:f ' : T

N THEN_{the condition Qf the mfmsterage counected at. the.'

w*-
’ lnput of the mfmtranspert ig”

s S lowqpresSure:_m_ S
QR the condltlon ef the mfmetorage connected at the j.
1nput of the mfmtransport 15 S S
hlghhlevel low;pressure '

OR the conﬂltlon of the mfmstorege connecte& at the ﬁ:f'"

C X




¢

1nput of the mfmtransport is hlgnﬂleval
(IF the cnn&it*en nﬁ the mfmstorage connected at
o B the input of thEtmfmtransport iawno aensory_data
_:I' fnf' THEN reflecti i_secondarygthe conﬁntmon of the _
R JL_?:nfif;Lfgﬂ'mfmtransporb;the flow functlon connected at the _ .
fﬁﬁﬁﬂ;:ff{nnﬂﬁn.ﬁu_ﬂ-ﬁ inpdt af th@ mfmtranspart input}) 13 faulty}) ',,;'.ﬂ;
T Tngu inform the operator for the next 2 seccnds that T
“transport [the nama of the mfmtransporb] has high
flnw and 1ow pressure“'-- o ;_pf__.rh L
AND conqkuda that the state of the mfmtrqy”port 15
‘segondary i T %

S ohL o .n;.-_wgua_:?;; LT o o

e Co
o IF tthCQndltan of any mfmtransport 15
g low. flow hnghhpressure e L
| AND (IF thereJexlstSaa mﬂmstorage connected at the output of
the mfmtransport - | - S e
qHEN {the COnditlon of tha mfmstorage connected at the _}ﬂfgl’””
_ ST output of the' mfmtransport 1s
-_i_f “';eL;.ﬁﬁ; o hlgh_pressure ~{ "s? n
R GR the condition of the mfmnmanSPOrt 1s -i;-
1ow Jevel, hlgh_pressure : o
\OR the ﬂonalthn of the. mfmstorage counected at the _
-“é output of the mfmtranspart is. low 1eve1 S _" o
OR ;{IF the condlLlon of tha ngstcrage connected at :
' th toutput: of the mfmtransporf is no sensory_ﬁata '
THEN reflectlon_secandary{thekconditlon of the
mfmtransport the flow functicn connected at the output -
o . of. the mfmtransport_,output}} is faulty}} ' o
o THEN 1nform the operator for the nexL 2 seconds that
' ;f "tranaport {the name of the mﬁmtransport] has low flnw _-f-
' ;and high pressure’ S _ - = |
AND invoke sink rules R ::{:. 't£Q :h“5j_ j..{-rfi'
‘AND. conclude that. the state pf the mfmt«”ansport is R
seconﬂary ' EE : - - K

[

1.E-

i :
rn b




S

hlgh flow hlgh_pressure ‘Tf‘i“w . : : _
ANE (TP there e.xists ‘a mfmstorage connected at t:he output of

*n

% the,mfmrransport

THEN \the condmtlan of the mfmstorage conneched at the .fo:'

: “output of thé mfmcransport is hlghhpressurejﬁ_~--'"
bR the ‘condition of the mfmstorage connected at. ther”?" ﬁ'=~

output of the mfmtransport is hlgh_level _;gi' B
OR the condltlon of ‘the nﬁnmtorage connegteﬂ at &he_ﬁ?'
' output Qf the mfmtranaport 13 e

highnlevel_hlgh_pressure - S o .
(IF the- uondition of the. mfmatorage connected at

il

the output of the: mfmtransnort 15 no sensorY data--“““

THEN refleetlon_secondary(tﬁe condltlon of the-:r-w

: mimtransport the £low, functlon cannacted at. theifkﬂ“

: ff.fﬂ. output of the mfmtransport ,output)) is faulty)!
THEN 1nform the operator for the next 2 saconds that
-f“transport Ithe name of the mfmtransparb] has high o
level and hlgh pressufe“'::' o ”," S
AND 1nv9ke starage rules . o Tns

. AND 1nvoke source rules o S
AND conclude that. the state of the mﬁmtransport is

secondary e

I

IF tha condltlon of any mfmtransport is &ow flow ldw_pressura

AND (IF there exlsts a mﬁmstorage connected at the input of e

Hf:_ ' the mfmtransport : . o _
THEN (the condltlon of the mfmstorage connected at the
' ' input of the’ mfmuransporc is '
o _ 1ow_pressure PR L
OR the ccndltlon o£ the mfmstorage connecteﬁ at the o
' input of the mfmtransport is: low 1eve1
OR the condition of. the mfmstorage connected aP‘the _
1nput of the mfntransport 15 low._ 1eve1 lmmeressure

.(IF the condltlon of the mfmstorage Connected at .__5__

"



w o
.

f;hthe'inpﬁt'q“tﬁ" mfmtrensport'fs né-SensorY-data f-
A }_"5@HEN reflection, seeondary(rhe condition of the -
EEEE ?1f?f ?- mfmtranspart the’ flow %um&ulDﬂ COHnected at the

input of the mfmtransport input)) 1e faulty))

THEN concludezthat the state ef the mfmtranspert is-g;,;aug_fV

secondnry

IF the condltlen of any mfmtransport 13 j_f“
1ew flow hlgh_preseure ' o '

AND (IF there exlsta a mﬁmamnk cennectea HL the mfmtransport .

THEN (the CQndltlon of the. mfmsznk connected to the
-*ﬂy~‘ . ;_-;y]g? v mfmtranspart is. hzgh_pressure “

D _' ‘OR the conditien of the mfmsink connected to the
' - mfmtransport is . 10W%£10w hlgh_pressure R
R OR. the eonditien ef the nﬁmsink connected to the _
_ttnf:-_jrf- _ mfmtrenepert is low. flow?Q T !

L THEN infoxm the operator for the next 2 seconds that
o ' *“transport Lthe ‘name of the mfmtrensport] has 1ow flow

S 'dﬁ.-and hlgh pressure“'d' : ' '

-,&f*fﬁf AND invoke sink rules
AND denclude that the state ef the mfmtransport 15
| secondary .ff _; ::t-_ ﬂ_ ﬁ' ' : :

K '-,-fV R -;"._ S L RCEE - R

PR

IF the condltlon of any mfmtransport ls
' highhflow high_pressure h S
‘ AND (IF there eX1sts a mfmelnk connected to the mfmtraneport
- © THEN {the candltlon cf ‘the mfm81nk connected to. the
; g nwnmransport is hlgh_preseure o
-.;ﬁu_ MmEmtransport - 1s hlgh_flaw N . .
" OR- the condltmon of the mfmsznk conneated to the
- mfmtransport is high-flow hlgh_pressureJ}
'fTﬁEN lnform the operator for the next 2 seconds that
“tranSport [the name of the mfmtransport} has hlgh flow

IR

and,hlgh pressure" -

64

&R the . cendition of the mﬁmsink cenneated no the ' a



):__
L

AND ﬂ.nvoke Btoraée mles :'_..: ;::{.l_ . .- = :. - o -I B
ANﬂ 1nvnkg source rules.;]_-:.“ S e T jﬁ

*- AND conc1uda that the state of the mfmtranaport is I :"_'fnm'

5&condary

T

IF the Go{dltion of any mfmtransport 15 ddﬁddhj- ::k;_ L

f J,AND (IF'/fere exists a*mfmsink.connected to, the mfmtransport B E

.:f TEEN {the Londltlon of the ‘mfmsink connected to the _‘q
e - mfmtransport is 1°Whpressure .._ mv -
OR the ccndltlon of the mfmslnk connected to the ;TQ O

”iﬁ{_{fflt}_ %fmtranspdrt dg high flow low_pressure-n g

OR the aondition of . the- mfm51nk connected,;o the'3
L mfmtranbport is highﬂflow}} T
THEN‘infarm the onerator for the next 2 seconds that -
: transport [the name of the mfmbranspcrt] has bigh flow .

B R

and 1ow pressure"’

AND invoke 51nk rul@s
AND conclude that the state of the mfmtransport is

secondary R

- .

_dIF the condlticn of any mfmtransport is low flow
:.ANﬁ (IF there ex1sts ‘a mfmsink connacted to. the mﬁmtransport

THEN {the. condltlon of - the mfm51nk connected to the'
_ Fﬁ:.%;-i ' mfmtransport 1s low flow o
i OR ‘the . condltlon of the mfmslnk connected odtﬁe-~:-
f mfmtransport ig highhpressure _ S
OR the COndltlon of the mfmsmnk cnnected to the
3 o ';,mfmtransport is low_ flow hlghhpressure)\: '
’-_THEN 1nform tha operator Ffor the next 2 seconds that _
' “transPQrt [the name cf the mfmtransport] has low flow :

f",AND invoke 81nk rules. - _
::AND conclude that the state of the mfmtransport is

oA
&




  1¥'the condition of ﬁny mfmtransport is low flcw o
'_'AND iIF there exls's;a mEmsink donnected to ‘the. mfmtransp@rt I
o THEN {the condltlon of the mfmsink connected to the '
= mfmtranspefk IS low flbw low_prassureJ)

i THEN lﬂf@rm the operator for. the ‘next 2 ‘seconds ‘that . R
| "transpcrt [the‘hame of the mfmtran9port] has low flcw“-“ |
|AND ‘inyoke storage rules | .. o .o
ANQ 1nvoke source kules ¢ fﬂh£}ng,T T :JJ.V;T*ﬂEF" -
~ANB conclﬁa;‘that the state of the mfmtransport 1s
-.-Semndary_“”._- S
e o W
”J_,lF thej “nditlcn of any mfmtransport is hlghmflow _ _ 
“ ”AND tI? there exisqs a mfm51nk ccnnected o the mfmtransporE i
THEN IthP cor&ition of the mfms;nk ccnneéked o the : ?&;;;
w-' ’ﬁ' mﬁmtransport 48 hlghhflow S e
: qR the condition:of the mfmslnk connected tc the*-”
i - mEmtranspork is hlgh_pressura, SR
OR the condltlon?of Lhé mfm31nk connected to thef L #

. ”'“mfmtransport'is high ﬁlow hlgﬁbPIESSure  ; |
_,3_ "* OR bl condltlonfof the mfmsink connected to the;},"__a_
o | _ ':nmmﬁransport’is “high £1aw. low;prgssure)J S
,'THEN 1nf0rm ‘the operator fcr the next 2 secunds that -

' “transport Ithe name of the mfmtransport] has hlghﬁu“&

Cflow o g T e e
_”=AND invoke source rules’q’ e  3}5'§ﬁ “"f
©AND imvoke storage rules Mff;f]] L '-";;',_f-ﬁf 
'fcfAND concludé that the state of the mfmtransport is
| aecondary : - » L
pE R

;'IF the condition of any mfmtransport is hlgh_pressure ;

: AND (IF there exzsts a mfm51nk connected to .the mfmtransport

B THEN (the conditlon ot the mfmsmnk cmnnected to the
' ' g mfmtransport is hlgh_flow o

s
Lt



Ay

7fﬂcogfthe condlticn of. the mfm51nk connected to
P the mfmtransport is, hlgh—pressure : '
. -_“OR the cmndit:.cn of - tl;xe mfms:l.nk connectﬁd tO

.OR l:he ccndlt:.on of i;he mfms:.nk connected Lo
' the mafmtrans_t_)ort is S e
R hlghhflcw ﬁlgh_pressure)) '
THEN'lnform the Qperator for the next 2 seccnds that

_fﬁﬁ;,utranscgyt [the name of the mfmtransport] has hlgh ﬂ.ﬁ:f:?' :

© pressuré " . \
AND mnmcke storage rules o ) o
AND ccnclude that tpe state cf the mfmtransport 13

P

. -~ = . }‘ i L . . . . ) )
N tJne ccndit:.on cf any mfmt:ranspcrt ],ow flcw_hzguressure
7_’AND (IF therc exists a’ mfm51nk connected to Lhéxmfmtransport

_ THEN (the 1n condlticn of . the mfmconnect;on ccnnected
' o -at the 1nput of the mfmtransport 1s

low__pressure“ R SR R ,

t%OR the 1n condltion of the mfmccnnectmon.ccnnected
at ‘the :anut of the mfmtranspcrt :Ls '
1ow f%ow low_precsura)) :

THEN 1nfcrm ‘the 0g§rator for the next . 2 seconds than

'"transport Ath nj:e of- the mfmtranSpogtl has hlgh _ff
Yoo

lavel and high pr sura"- e -ZQLJ
AND 1nvoke stcrage rulesw S _ i_
| AND :anoke scurce rules s L -
AND ccnclude that the state of tha mfmtransport isg S
' 'seccnda:y
fIF Lhe ccnditlon cf any mfmtransport is 1cw_presbure

AND' (IF there exists a. mfmconnectlon connected at the 1nput"'””

"

of the m?mtranapcrt
THEN (the in_condltlon of the mfmconnf‘ticn ccnnected
at the 1nput of the mfmtransport ia

1ow__pressure
| . L
:._ ~ : .. & o

.

'the mfmtranaport is low. tlcw_hlgh;pressure

A




jﬁgfh__::_: B O L LR

OR the inbnonditlon of the mfmconnectlon Cbnneéted_
N - at:the input ef the mfmtranapprt is S
¢_$M§_ low flow low_pressure}) | .._h_ _ _;.. .”i. hi .ﬁ  f=;7f';
THEN 1nfonm the. operatqv for- thé next 2 5eg0nda fhat ' :"”” ;_ .
'-Jﬂtransport [the name of the mfmtransport] has hlgh _fﬁ"jﬁaf :

o

leve* and hlgh pressure" 3__=__.:; '-;._ - 15;5'{ R f@_*;

iHVOke Storage rules : HU :f “Q B
?ND DU Lg--,q__.-uj_"-_ff“

;'ANI 1nv¢ke sourcetrules

IF the conditian of'J
AND (IFnthere exlsts
of the mfmtransp{itf- Sl .
THEN (the in, cén&itlon of the mfmconnection connectad
aq the lnput of the mfmtransport is
_ _ lowhpressureﬂ AR -; a
OR the 1n_cond;tion of the mfmﬁqpnection connected
Cat bhe.ﬁrpqt of ‘the. mfmtransport is '
_ _ 1OW'flowV10w4pressure}7 . s“.{u;:
'”’-THEN 1nform the operatbr'ior the next. -2 seconds that’
. “transport [the name of the mﬁmxransport] has high
' lewsijand high pressure”“fm_;' el LT
":AND invoke storage rules e RO 7-1::; 3f
. AND invoke source rules’ jﬂf'l' ;'”j'l 'Jjﬁ o
.'_AND conclude Lhat tha state of the mfmtransport is g;'_],,;ff;-'

2

secandary

Sy
IF tha’&ondltlon of any mfmtransport is hﬁgh fan
AND (IF there exlsts a mfmCOnnectlon conneateﬂ at the outnut 
of the’ mfmtransport S ' ’ﬁ,_ : T
THEN’{ﬂh&ﬁfut ccndltlon of the mfmconnectlon connectedf' L‘~
" at the output of the mfmtranspont ig

h&gh;pressure CEL w:.'v . ?ﬂ-'gw
OR the out conaltlon of the mfmconnectlon connected L

R S . T o L . .
ST B g . . v




]

i -'

5 'at thg \tput of the mfmtranspart is high flow
- OR the out_condition of the mfmuonnection Canected; |
anthe'butput of the mEme ransyort ig - e
o hmgh flew_hlgh_pressurei) S
'3.'TBEN intorm the Operator for the next 2 saconds that  f“"
| '*"tranaport [the nama of" the mfmtransport] has .ﬂz'
. high_level and high pressure" R
:’AND 1nvoke sﬁorage rules ' L
o _-ff{:AND invoke. source rules 7*-14-- o
=y ﬁ__;: f ﬁkn conclude that the state of the mfmtransport is

o secondary O oo

IF the condit on'of'any mfmtfansport”ié highhﬁreSEure*

AN‘D (‘J:F thera exists a mfmcc?mnect:l.on connected at: the output

the mﬁmhransport ' -_., L [* .
THEN {the out, conditlon of the mfmconnectlon connected_'.-
cat kthe out:put of the mfmtransport :Ls |
'i hlghhpressure' o ' =

at the output of the mfmtranSQGrt is hlgh_flow .
OR the out CORdlthn of tha mﬁmconnectlon connected-
at. the output of the mfmtranspart 15.3d;j#..
B high_ flow hmgh_pressure)) S oL i
5f -THEN 1nform the- operator for - the next A seconds that '_
o “transport [the riame of the mfmtransport] has h;ghf*
o level. and. high pressure"
AND 1nvoke storage rules
:AND invoke"source rules _ _ :
'_AND conclude that the state of the mfmtransport 15

)

: seconﬂary .-ﬁJ

IF the condition of any mfmtransport is

hlgh_flow‘hlgh_pressure oo S
AND (IF there exists a mmeonnectlon aonneeted at the output

,gf the mfmtransport

69

OR the out, condition ‘of the mfmconnectlan ronnected SRR



THEN (thé Out Gondltlon oF the mfmoonﬂect;on oonneotad R
at the Output of the mfmtransport 19

: . hmghwpreasure .
QR the out condltﬂon of: the mfmoonneotlon.oonneoted_'

K;ﬂ-at the output of" the mfmtransport is hiqh_flﬁw ; 1.;f.5

OR the out_tonditioh of the mfmcohnection conneoted_jﬁ"

“at- the oﬁtput of the mfmtransport ig -
_ _ _' hlgh_flow 1ow_pressure}} o o
.1fTHEN Lnform tho operator for the next 2 seoonds that
' "Eransport [the name of the: mfmtransport] has hlgh
”  level and high pressure *. .~ o
"AND invoke storage rules ff”:oj‘ffoo:'f;fo..j :oo;q Y;
: AND invoke SOU.I.‘CQ rulES N . - . '. e S
'-;AND oonolude that the dtate of the mfmtransport lE
S seoondary ' ' : S

IF the'condlrlon of the mfmtranSport 1s E _

hlgh_flow low_pressure %ﬂ;-'“_ a- ~--: B _F}-_-_”' 'a'goof o'

o AND (IF there is a mfmconnectlon connected at’ tha output of
the mfmtranSport o . _" o e
THEN {the out _condition of, the mfmoonneotion oonnected ';
s .+ . at the Qutput of the mfmtransport is
'_?j_:'j=_'f_fﬂ o ;”' hlgh flow = o o ) o
' '“uoﬁf OR the out condltlon of the mfmconneotlon connected
. at the output of the mfmtransport 18 ’ -
_ o high flow 1ow;pressure}) _ _
"THEN 1nform the operator for the next 2 seoonds that
| “transport [the name of the mfmtranspoxt] haa high
o level and hlgh pressure" S :
. AND invoke storage :
:__“AND invoke gource rules o
. AND conclude that the state of the’ mfmtraﬂsport 1s '”L_;_n"
secondary o L _ o

BT
Rl

xF the condmtion of any mfmtransport is
1ow flow_h;g* pressure

70



S ‘I‘HEN (the out condlt:.on"of the mfmconnects.on ctmnected

Lo

hlgh__preSSure

at _'thes'_out;ﬁut cf the mfmtranspmrt:. :Ls

1aw .:’u‘c}w' 1ow_pressuu:e) F

“transpwi: {the name pf the mfmtranspbrt] has h:l_gh .
at level and hn.gh @ressure“ e AR :
AN‘D :.nvok_ £t

-::'-AND invoke” sc:urce rules B -
mp conclude that the state of t.he.l mfmtr@:-sﬁcrt :LB

aecondary £ S : S

at the putput: of the mfmtranspart J-a

A

o



= %_5\\

R D

B A et

:.-e - low preesure o AT S S N
| AND “Anvoke trenepcrt ru}eS-*f;-;'l“f e
AND concjude that the e?ate cf the mfmstcrage is. secondary

B

4

e

Rules useﬁ tc determlne secondary alarms W1th mfm etcrage

=

functlcn. _.aa-c:

BECONDA:RY S‘I‘QRA.GE R . 0

4,.

IF the condltlon'of any mfmetcrage 19 lcw level 1cw;pressure.nf;lf;
- AND (IF there eX1StS a mfmtranspcrt connected at the input oF

"?]?’ khe mfmstcrage SRR : . : :
THEN (the ccndlticn cf the mfmtranspcrt connected at

the 1npue cf the mfmstcrage 15 1dw_preesure '

{ input cf the mfmstorage ie lcw flow_lcw;pressure

OR the ccnditicn of the mfmtransport connected at the
1nput|of the mfmetbrage is low _ flcw ' '$ - -w'
(IF the ccnd tlQn of the mfmtraneport connected dt
the input of ‘thé mfmetcrage is" no. eenecry_data :
THEN reflectxcn_secondary(the condition of the _
mfmstcrage the flcw functlcn connected at the
. _ ' 1nput of the mfmstorage ,input}) is faulty))
THEN 1nfcrn the. operatcr fcr the nextoz seccnds that
- "exorage [the riame cf the mfmstcrage] hae lcw 1evel ‘and.-

LT,
R

 IF the condlticn of any mfmetcrage 15 1cw 1eve1

AND {IF there ex;ete a mﬁmtranspcrt ccnnected at the 1nput cf
_ '_ " the. mfmstorage o . .
THEN (the ccndltlcn cf the mfmtransncrt ccnnected at
© 7 the: 1nput Of the mfmstorage iy lcw flcw L
‘OR the condltlcn cf the mfmtransport ccnnected at the

-;jﬂ S inplt of the nEmstorage As low_ptessure

OR the CGHdlthn cf the mfmtranepcrt‘connected at the'

A

it .
LY

S “OR the ccnditlcn af ‘the mfmtransport connectEd at the =



EEL

[

| _._f};nput of”the mfmstorageﬂgs low floleow;pressure
'1_=OR_¢(IF the oondntign of the mfmtransport connected at
. S the 1nput of ‘the mfmstorage is no_sensory.. data\ ”
"“tTTHEN refleotlon secondary(the oondltlon‘of the
mfmstorage the flow funcE:.on connected at the
I 1nput of the mfmstorage ,1nput}) l$ faulty)}

: THEN :.nform the ope::'ator for the next a2 seconds ‘that : _
"*W*"otorage [the name of- the mﬁmstorage] ‘has low‘ieve‘“'nn”n:
*uAND 1nvoke trnnsport rules ", o _;h ,_;-_ _,'. _

AND-conclude that the state of the mfmstorage ms eecondary
R IF the condit;on of any mfmstorage 15 hlghhlevel _ fﬂ
AND:(IF there exlets a n&nmranSport connected at the output -
o T oﬂ tho mfmetorage R vs.-' Lo '-u~f“ N
e fzfif THEN {the condltiOn of the mfmtransport connected at'“JV o
L "’";f?f: “the output "of the mfmstorage is high flow _:«'“=-.€,ff""
'”’§ 0R the conﬂltlon Of .the nmnmr%nsport connected at the :
B output qf ‘the mfmstorage ds hlghhpressure -~ '_ T
L _-OR the cond;.tion of thei,mfmtraneport connnoted a.i. the _
"output of the’ mfmetorage is hlgh flowhhigh_pressure g
OP, ‘the oondntlon of the. mfmtransport connected at the -
output of the mfmatorage is high flow low;pressure
{IF Che Condltlon of the mfmtransport connected at
t:h,e outpat oﬁ the mfmstorage :LB no._. selzisory data '
T HEN. reflection secondary{the condition of the N o
mfmstorage the flow function connected at‘. the ﬁ
- _ output of the: mfmstorage s OUEpUE) ) is faulty))l B
'_fTHEN in€dkm the operator for the next 2 seconds ‘that L
| “storage [the name of the mfmstorage} ‘has hlgh flow " TF g::;
AND invoke source rules - .“, *-;=:u': e o B
AND invoke transport rules - R

5ﬁffAND conolude that tha state of the mfmstorage is secondary _ |
o *_ﬂ: T

IF the "Onﬂitlon of any mfmetorage is
hlghﬂlevel_high_pressure

s

_7'3 f




o B oL - g o : o i .. o . )

(IF there eXlStS a mfmtransport ebnnected at the output

;e ?HEN (the condlblon oﬁ the mfmtraneport connected at
' the output‘of the mEmstorage is highipressure
OR the conditien of the. nﬁnmxensnontbdonnected at the
":wa-_: eutput of the mfmetorage is hmgh_flew ;“

OR the nondetlon qf ‘the mfmtranspert Connected at thﬁ

output oﬁ the-ﬂfmstorageume hmgh flew hlghbpressure;;;ﬂn

{EF the eandltzon of the mfmtraneport cennected at
the butput qf the . mfmstorage ig no_ sensory data
THEN reflection_eecondary{the condltlon 9% the

: “. output of the mfmsterage ,ouhput))&;s faultﬁJ)
o THEN 1nfoxm'the cperator for ‘the next’ 2 seconds that
nef¢5ﬁT "etorage {the name of the mfmstorage] has hlgh flow and
: _. {‘1 j;. h:_g];l. pressura “ur n-._. R _',!_..” .
- KND'lnvoke transport rules A -
AND invoke source rules e

AND eonclude that the state of the mfmsterage rs secondary

".-.‘-‘

IF the condltlan of any mfmstorage is hlghhpressure J'ﬂ*
AhD fIF there exxsts a mfmtranspoxt cOnnected at the Gutput
o of the mEmstorage - L T o 'hﬂ_

THEH (the Gondiblon ‘of the mfmtransport connecteﬁ at’
_,the output of the mfmetqrdge is hlgh Elow _J;w‘"

'!OR the condltlon of the mfmtransport connected at the
autput of the mfmstorage is high pressure

_OR the, con&mtmon of the mfmtransporgxcennected at the

g output of the mfmstorage is hlgh_flow_hlgh_preSSure

'_UR the conditlen of the mﬁmtransport connected at<*he

' ~olitput of the mfmstorage is hlgh £low, 1omLpressure o

(IR the condit&on of the mfmtransport connected at
R the output ‘of the mfmstorage is no sensory;data
THEN reflectlonusecondary(the condltlon of the
- mfmstorage,the flow. functlon connected at the
-_output of the mfmstorage ,output}) 13 faulty))

jf&e_ mfmstovage,the flow;ﬁunctlon conneﬁted akt. the ;"



:Z.. "1‘} o
-

Ji THEN 1nform Q?e operator for tho uext 2 socondo that
' f“storage [the namo af the mfmstoragel has hlgh«
p?easure" '}J,o'j-.,'{:*f .;.ﬂ?“”_Qf' E

_ IF the condition of any mfmstorage ig lowgp;essure fﬁ~fTi"f“ﬁi'gl :f*
AND (IFitharo oxlsts a mfmtransport connectediat tho lngut dfﬁf;
' 'ifm ‘the mfmstorage fVﬁ,;;_: o e LT -
THEN (tho oondltlon of thy mfmtransport connectod at
the 1nﬁut of the nﬁﬂstorage hs low_pressure o; j _ L
OR Ehe gondltlon of the. mfmtransyort conpected at the. %;f’ﬁ{@-'-
_ 1n JL of the mfmstorage 15 low flow low;preasure .
OR the ﬂondlhlﬂﬁ of tho mfmtranspoxt connected at the
| dnput of the mﬁmstorago 13 low flow ". SRR
IF the conditlon of the mfmtransport connected at o
the lnput of the mfmstorage is no sonsory data :'Q;.] _;f
THEN roﬁleatlon_secondary(the oondltion of the - F
o mfmstorage the fiow functlon connected at tne
'”g_vf“ '_z 1nput of the mﬁmstorage ,1nput}) lS faulty)]
THEN inform the operator for the next 2 seconds that“-' o
storagé IthE‘name of the mfmstoragel huS 1ow pressure [f. s

- and pressure" fﬁia e _ _
| AND invoke transport rulos o o _ _
AND conclude that ‘the state of the mfmsLorago is sacondary.f;

. - -
Emene®

A

Sy

- ki . S T S . . ’

:oio %f "
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1l e



R

fEn LI : i .
F 4c:ra::.cu1at mn Rulea G PR e T

*Rulee ueed to determine secondary aiarms w:*““‘“g“

:_aenconnanr caneonnmmon _fj~iff ff{;;;,{_;

- ;(IF there exists a mfmtransport conmec;ed at the input of
- Qhe mfmcalc T -3 +j- __--”- S L
THEN (the condltion of the mfmtranepont connected at

e thealnput of ‘the mfmcalc is low_pressure
: OR the conditlon of the nﬁnmransport connected at tne
input ‘of the mfmcalc 18 low_Flow low;preesure B .
oR the oonde“*on of the m&mtraneport connected at, the i
lnput of the mfmcalc 23 low flow-"" . '
{IF the condltxon of: the mfmpransport connected at
the 1nput of the mfmcalc is. no. sensory data
THEN reflection. eecondary(the condition of- the'
' nmmcalc the flow‘fdnctlon connected at the
© input of the mfmcalc ,1nput}) 1s*faulty)]
THEN inform the operator for the next 2- seconds that _ o
f'"storage [the name of the mfmCalc] has 1ow flow and 1ow»ﬂf”f:
preesure . - _ : . o
AND 1nvoke traneport rules S e
] AND conclude that the state of the mﬁmcalc is secondary f_i-w' )

_ nIF the condztion of any mfmcalc is low flow . o
'-n.AND {IF there exists & mfmtransport connected at the 1nput of
the mfmcalc o o S S .
HEN (Ehe condltion of the mﬁmtransport connected at
_ the 1nput of the mﬂmcalc is low flow
OR the COﬂdltiOﬂ of the mfmtraneport connected at the
1nput of the mﬁmcalc is. low;preesure e T

OR the condltion of the mfmtransgort connected at the




L RS S T
. 1nput of the mfmoalc 1s low flow Iow;press\fe -
f'f(IF tha cond1tlon oﬁ tha mfmtransporh_conne%ted at
the 1nput of the mfmcalc ig no QEnsory_data
wHEN reflection secondary{tho ogpdmtlon of - the :
mfmoalc the fldw function connecned ay’ the
”-lnput of the mfmoalc input?) As: faulty))

THEN 1nfonm the opexator for the next 2 aeoon&ﬁ that

. “storage [the name of the mfmcalo] has loW.flow" -;if%'
AND 1nvoke transport rules “xu .N* e ”v.t. -'“ﬂ] '
AND oonclﬁde that the state of the mfmcalo 15 seoonda:y

e

T L o

IF the GOﬂdlLlQn of any m@mcaﬂb is. hlgh flow

CE

AND {IF there ex;sts a mfmtransport connectgﬁ at thetoutput !_';;~'”

E-

Mf'of the mfmoalo 'f' P S FRE -‘15;
THEN (the conditlon of the mfmtransport eonnected at
"¢__7 the outpyt OF: the ‘mfmcalc is. hlgh_flow o

output of the mfmoalo is hlghmpressure

oubput of tha mﬁmcalc 19 hlghhjlow hlgﬁhpresaure

:;_jvaR the. corditlon of the mfmtransport connected at“the =

output of the nﬁmcalc 15 h;ghhflow low;pressure

OR {IF_the oondltloﬁ of the mfmtransport "omne&ted atf'

ths output of the mfmcalc is no: sensory_data -
THEN refleotion_secondary{the oondltlon of thed_;

L nimcalo the ‘Elow._ functlon connected at the

¢ '}L ' output of the mﬁmcalo ,output}} is- fadlty}l

HTHEN 1nform the operator for. the next 2 seoonds that

_ “stgrage {the nams of. the mfmcalc] has hlgh flow "
2D imvoke ‘source rules N - -
,E_AND invoke transport rules . S _ o
'5AND conclude that the state ‘Of the. mfmoalo is secondary

IF the condltion of any mfmoalc 15'? hlgh_flow hlgthressurel_
AND (IF there ax;sts & mfmtransport oonnaoted at the output f

g

0& Qhe condltlon of the nﬁﬁmransport conneoted at the L i

Tl
LR

T o

\DR the oondition of the mfmtxansport oonﬁecte& at’s the__i}:_o~-?(



o :;f.:'wtifift?fo; 'ine;_ f_7f :if"}ffffq“sjff' | LYﬁfo~ uf-F'ti
. .. i Of t:he mfmca.‘lc' .: ST o IR =r_- ce //,Dg . o
- THEN {the dzt*on of the‘mtmtrensport connected at o
e the outpat of tﬁe mfmeale is nghhpreesure
"ffeR the condltlon of thp:mfmtransport connected at the ;'t}-gf
__“.  :n_outputﬁof(the mfmcalc 1is hlgh_flow S
'-_fOR the condltlon‘bf the mfmtran port connected atqthe
' output of the mfmcalc is high_ Ilow_high_presgure o
IR the: conditzon of the mimt:ansyort connected at .
L the Qutput 6f the. mfmcalc is nd. aeneory;data T
'*f;f' THEN refleﬂtmob_se‘ """

o daIYIthé conditlon of the %ﬁ::_ o

B f;;ﬁfﬁjr mfmoalc,the £low functlon cOnnected at the ;?:f;; ; :el€

RN :,,n;} output or the mfmoelo ,Qutput)) is faulty)} PRI
_:nohTHEM 1nform'the operator fbr the next 2 seconds that

"storage [the name of the mfmoalc} has hlgh flow and ;€
“high pressure ":trf - ~ : S .
AND %nyake transport rulee Lo
T el . eource rules ' "‘Ifo""r'5f'o ‘,-
:%ﬁ“_Ett AND‘conclude thet the etate of the mfmoalo is® secondary
};V.Qf'f ;t= £.._ o ”7f} ”:.;;*_n..t_: : ﬂf._;_ﬂ

| IF the oondltmon of any mfmeﬁlc 15 hmgh_pressure _
AND (IF there exlets a mfmtraneport connected at the output
of the mfmCalc el T -
o THEN {the condition of the mfntransport connected at
. the. output of " the mﬁmcalc is hlgh_flow :f-_ R t'
fOR ‘the Condlticn ‘of the mEmtransport connected at the ' '
e output df the mfmcalc is hlghuprESsure e :
" OR the condltion of the mfmtransport connected at the” )
_  output of the mfmcalc is hlgh_flow;hlgh_pressure e je_n"
eDR the condltion of the mfmtransport connected at thei L
e o output of theemfmcalc is high flow low_pressure s
BT 5 " (IF the condition of the. mfmtransgort connected at
: “the. outpuﬁ_of ‘the mfmeale is no. sensony*data ff;}_fji '*-
THEN reflectlon se00ndary(the condltton of the -
mfmcalc tne flow functlon connected at the"
o output of the mfmoalc output)} es faulty)}
THEN infonm the operator for the next 2 sed nds thaE

3 '781.'-

N P T S T



AND 1nvoke traﬂsport rules o A ."‘
AND vonclude that the state oﬁ the mfmcalc is SECOndary

Lpf any mfﬁcalc 15 lowupressuré S R
AND (IF ther‘"exlsts avﬁgm%fansport connected at the 1nput af

IF the condit

S e

P .'

- the mfmcalc

' f; THEN &the condltlon 65 the.mfmtransport connecteé at
' the 1nbut cf the mfmcalc 1s loW_pressure - _
OR the condltlon of the mfmtransport connected at the
_ lnput of the mfmcalc is. lew flow low‘pressure f%ﬁﬁ
OR the. Condl 1an of the mfmtransport connectedcat the

’ ;'4  ;f3ﬁ¢; 1nput of the mfmcalc 13 lcw flow

VR

tIF the conditlon of the mfmtransport connected at'
‘the input of the mfmcalc is no;agnsory d&ta_ e
| THEN reflec+1on seaondarytthe condltlon of the B
' fmcalc,the flow funct;on connected at thg
input of . the mfmcalc_,lnput)} 15 Faulty)} .
THEN 1nf0xm Ehe operator ﬁor the next 2 SEandS that“"

storage {the name of. the\mfmsalc] has low pressure and
| S - o u e

T . @ : : . . o R

Cw ] AND 1nvoke transport rules

&

N A
AND conclude that thp state of the mfmcalc lS secondary I ~J;-

FOREE

LA



.:Ruleswysed to determ;ne secondary alarms with mfm eink R

L functn.on.- e T
N _sscomnx__“sxm

;dIF the oonditlon of any mfmsink is. high;flow

' AND fthe condltlon of the mfmtransport connected t¢ the  3.¢; fc_

E mfm51nk ig hlghhflow _ .
OR the COndlthﬁ of the nﬁmtraneport oonneceed to the

mfm51nk is hlgh flow_hlgh_pressure --;Jpﬁ=_..;-_:a£gfeg7'd

"ﬁ> °; OR the conddtlon of the mfmtransport connected to the .
(IF 'ﬁe condition of the mﬁmtransport coﬁneoﬁed to.

the 1;m51nk 15 no segsory;data

THEN refleotﬂbn secondarytthe ooﬂowwmoﬂ?of,thagf'
- mEmcalae, tbe Flow function ooaneotﬁd *odthe'

m£m51nk 1uput)) is faulty)} ‘;?QEL 3:]dK.“'

THEN 1nform Lhe operator for the next 2 seconds that "51nk¢
Ethe name of the mEmsink] hag. h:l.g'h flow" : ' : _

AND 1nvoke transport rulee --,' U

AND concludes that the state of the mfm51nk 1s secondary

;IF the condltion of any mfmsink is 1ow flow
AND ((the oonditxon of the mfmtransport oonneoted to the
: mfmslnk ig. 1ow flow _ o n_.ﬂ. S o -
OR the condltion of the mfmtransport c0nneoted to. the'.
E mfmsinF-ls low_pressure ' R '“"""'

OR the condltlon-oﬁ the mfmtransport connected to the : __ﬁ”

. mfmsiﬁﬁ is low_ £low lom;pressure
(IF the Condltlon of the mfmtransport coﬂneoted to
7 the mfmsink is no sensory data SRS
THEN reflectlon_secondary(the conditlon of the
mfmcalc the flow functmon connécted to the



'3   g - [the name af the mfm31nk] has h;gh flow and low

“_.T;’ﬁ.'_ﬁﬂ ¢ ' ' : V’:-'~ Cew deR T
5 *» S mfmslnk ,1nputJ) 15 faulty)) : o
:ﬂ TﬁEN inform the operator for the next 2 seaonds that 3’ )

' “s;nk [the nama of . the. mfmaink] has 10w flow“*ffg.-ﬂl.f-"

AND inyoke transport rUleS-fm'“';uf" ﬁ L 7-;-'rw-

AND Gonclude that the ‘state of the‘mfm51nk is ! secondary -ﬁ;j_ﬂ:V 5

u S S R s

o

Wy T

IF the condltlon of any mfmsink is hlgh_flcw 1ow_pféssure )
AND (tthe Qandltlon of. the mfmtralspart connected to the . "?}'

' mfm51nk is- lam;pressure S e ff% R
OR the ccnditlon of ‘the. mfmtranspnrt connected_to.the R TR
: mfmsink ig hzgh flowLAoﬂ;pressure e -

OR the condltlon of tﬂe mfmtransport connecxed to ﬁhe

'#- R

mfm91nk is. hlgh_flow- ._ﬁp: - _- . m: -aﬂ"_
{In xhe condltion of - the mfmtransport CDnnected to I
' the mfmsink is ng sensory.data : . N
THEN refladtion_seGOndary(the Condltlon o¢ the 5 T
' mﬁmcalc the flow function connected td tha
. mfm51nk input)} ig faulty)) UV

THEN 1nfomntthe operatOr for the next 2 seconds that “sink

T . .x_‘y.'_ S . s . L . t’j‘ . B ‘ . .‘...
fpreSSure B RS T

o AND 1nvoke transport rules
_'.AND conclude that q kstate of the mfmsink is. secondary

IF the conditlan of aﬂy fm51nk 15 hxgh_flowLﬂméh_pressure ""*;1”'
AND {the: conditlon of the mfmtransport wonnected to the

e

<7

: mfmslnk 15 hlgh_gressure T .--.~_: ' ': 'fﬁ-ﬁ__,
:F; OR the- condit:ou of the. mfmtransport connected to. the~ R

o . mEmsink. is highmfIOW - _.ﬁ* L '--i 3 .ﬂ-,-_ ” e
A OR the condltlon of the mfmtransport connectpd to the'f-_}}?k?'

it | mfmsink Is gh_flow hlghhpressure-g_ . :h-;
| OR (IF the condétion of the mfmtransport oonnected to '-::f fif
' the mfmsznk dg no _sensory_data: N ' S
- THEN reflection secondary(the condltzon of the
' mfmcalc,the flow functlon connected to tha. _
i o o N ,:?. .;—; h__’)__
. Bl -




S _ mfm51nk input)l is faultY) S -
: THEN_lnform the-operator for the next 2 second";that “51nk “iff

ﬁND mnvoke transport ruiee : : :
*_ ANa conclude that ﬁhe state of the mfmslnk is- socondaty

'rJ

'o'_AND ((the condmtlon of the mfmtraneport connected to the - e
| uﬂ'._'-.'.. mfmsink is 1ow Flow_low_pressure = - SR
GR the condltlon of the mﬁmtransport connected to the
mfms1nk is 1ow_pressure o ' SN =
OR the CDndithH of the mﬁmtransport connected to the
' ﬁiﬁmink is low. flow B ' B
_ DR (1IF the conditlon of the mﬁmtransport connected tc-_c
' the mfms1rk is no sen'{ry data L SR
'I'HEN reflectlon_secoﬁdary(the conoitlon of the
g mfmcalc the flow funotion connected to. the
_ mfm91nk Ldnput)) is faulty)) _'H“,-
THEN inﬁorm the Dperatmr for the next 2 seconds that "sink
' [the name’ of the mﬁmeink] ‘has low flow and’ low '

_ pressure“ _ o e S o _
ANDp 1nvokﬁ\traneport rulés SR ';' s o ﬂ'f:"”
ANP concfcoe that the etate of the mfms*nk is secondafy

'\'t. .

4]

A the condition of any mfmsink is 1ow%?ressure _ _ _
r”AND {(the condition off the mfmtranspor‘ connected to the S
. mfmsink is lowqprescure- : : :
' OR the condltlon of the mfmtransport connected to the o
mfmslnk ig low flow low _prassure _ o
" OR the c0nditlon of the mfmtransp0rt connected to the
mfmoink is low flow o :
~OR (IF the condltion of the mfmtransport connected to.
the mfmsink is 1o, sensory data - so:
THEN reflection secondary(the oondltlon of the



@

'.fnmhwalc~th? flow functlon connected to ;he
mfmsi@k ;:rz?ut)) 13 faultY RV

Ce

-
)
£
&

.r.uc_-_

31nﬁ gthe name @f the mfm51nk1 has low pressure
. ;;ANB inv@ke transport rules LA j"_ _ PRI
'*;'AND canclude that thergtata*of thaumtmﬁihk is- seaondaryw"”

o

e

- g

e

oW e




. THis appendix’ contains the rules used for fault diagnostic. -

ko

a

B J & ..u' .

el T : O o

iy

noo
7

'@.1 Source Rules . . - . L Q e

o

'j@-'

fault and the typa of Eault,. ?1_,'“_aT.

I

E .

‘ c__FAﬁhw-JS'Oﬁﬁﬁﬁ- R

S - o e .\. %

 -_ IF. the condltlcn of any @fmsource 15 low £low. high_preaﬁure

AND (the coﬁditisn Of thﬂ mfmtranaportcgonnected to the
' mfmébufca is low £low,_ low_preasure - =-u75'“«
OR the cbndxtlen of the mﬁmtraﬁsport counected"to the
S mfmsourde ig low. flcw "n T

- o - . - o I

OR the CGndltlchDf the mfmtransporL connected to the

mfmsource 1s low pressure “'-Q L . __' SRR

fgf: OR (IF the . ccnditinn Gf: the’ mfmtransport connected to

“the mfmscurce ig no, sensory;data ) _13- Lo
THEN reflection(the fLow functlon connected&at the ]

output Qf the mfmsource output blockage));s fagltyh'

i

'~z:_¢ﬁﬁﬁ iﬁférmfthé_dpexéﬁbrffdg'ﬁha.ﬁegt'z second$ that:_ r

h -5. 5[ '1;8éfﬁ:j_1; R

LS

ﬂ Rules usad to datermmné*w enLa mfm source’ function has a 'jhﬁf’;



.f5“80urce [the name of the\mfmsource] has low flow and_,;
hmgh preasure blocked " fr R e
© AND inyoke ‘tramsport ruleS'“* _
AND conclude that:the state of the mfmsource lﬁ Lf';f7_, =
. fault__hlockage L T P R ,*/“.
AND start set_manager (the state of the*mfmsouraf.“[nie-;f_ '
name of tha mf:msourcej b, 0 ",’l ' Sl : o

R

IF the condition wf any mfmsource & 1ow flow 1ow_pressura
THEN inform. the’ operatar'for the next 2 seconds that
o ) '-"source [the name of the mfmsourca] has low flow andf'
S low pressure - inlet. hkockp i | - |
| AND conclude that the stét%ﬂﬂﬁy

faultﬂblockage o g L
ANB start sec manager (tﬁ: ééambu?}hh mfmsource,"fthe
K | name of the mﬁmsuuraw?“ "“the nﬁmE‘cf the mfﬂ%ource] )

.}:! o

f

IF the condltion of any mfmsourn is low_pressure
THEN 1nform the operator for the next 2 seccnds that
' "source [the name of ‘the' mfmsource] has low flow and

~Llow pre&sure - 1nlet blocked. W _.  .NT_;*?
AND ‘conclude that the state of the mfmsource is
faultﬂhlockage ' U , -

BND start et manager (the state of the mfmsource,"[the _5 
 name of thi\ mfmsource]®,"[the name of the mfmsource]")

. IF, the condmt;on of any mfmsource is hlghmprQSSure ' L
AND {the conditlon of . the mfmtransport connected to the', 3
mfmsource is low Elow. low;pressure R o
GR the condltlon of the mfmtransport connected to the
' mfmsource is normal . . ."=:WV L f»

OR the condltlon of the mfmtranapcrt connected to the 3 :"

mﬁmsourae ig 1ow_pressure




oR the condltlon of the mfmtransport eonnected to the n%,'“"'

mfmsource is. low flow Lo .
OR {1F the cenaltion of the mfmtransport connected te
_,géthe mfmseurce is no: eeneory data R r'°
' :fTHEN reflectlen{the flow functlon connected at the
 fgautput of the mfmsouzce . R
'3~cennected,output blockage)}ms faultyl)

'“nTHEN inform theeeféraner f0ruthe next 2 eeconds that

if;ﬁ "source Ithe name of the mfmeeurce] s hlgh prassure' o
 AND inveke transport rules f*;'. "L'""}' e

AND conclude that: the state of the mfmsdilrce 15

IF the Condltlﬂn ef any mfmseurce ;s high_pressure

faulthblockage __' —

ﬂAND start set manager (the state ef the mfmeource,g[the S

_name of the mfmeourcej" ““) ~{: A

S

AND the condltion of the mfmtraneportvconnected to the_ ii

mfmeource is normal : S T

. THEN - 1nform the operator for the next 2 seconds that

.“source {the name of the mfmsource} hag hlgh pressure_—'

check sensors“.
AND invoke transpext

: AND eencluded that the etate of the mfmeourne ig fault

AND start eet_manager {the state of the mfmeourCe,"{the
name - of the mfmsource]" "[the name of the mfmsourcel )

BRI

) ."J- ) S T A ’ ) .. ’ L e

IF the cendition of any mfmsource ie hlghhflow e,.-

AND {the COnditan of the mfmtranspert 1e

S low flow high*preesure

OR the ¢ondition Qf the mfmtranepgrt conneoted te theF-T"'

mfmtransport donnected to ?he mfmeource is-

~low.. flow 1ow;pressune ?'. _ ! .
DR ‘the, ﬁondltion ef the mfmtrar port connected to thef

mfmeource is low flow _'g'ﬁ S S

OR the condltion of the m&mtranepozt connected to the ﬂf



bl

N mfmsource is 1ow_pressure - .
- OR (IF the Condltion of ‘the" mfmtranj ort connected to’ L
~the mfmsource is no sensory;dataz ST H;_.‘ '”'
 ,T%HEN reflectionlthe flow functlon connacted at thp
':output of tha mfmsource cutput 1eakage))13  ";:
_faulty)) T | ERTRT
THEN 1nfurm,the operatar fOr the next z secanda that_f"
_ 7“source [the name of the’ mfmsource} has high £low'
AND ‘invoke transport rules ;fﬁ.** E *“7-_.};5?;ﬁ; .;;   5 5
AND conclude that the state of the mﬁmsource is ;T ”_.'___1  ':,“

.r'"\ PR

AND start set;manager (the state of the mfmsource,"[the
name of the mfmsource]" "[the name of the mﬁmsource]")’~

IF the condition of any mfmsource 1a high_flow low"pressure
AND {the condition of the mfmtransport connected Lo the
: ' mfmsource s Low._ELlow. 1GW_pressure ' S
OR the conaition of thP mﬁmtransport connected to the
mfmsaurce is 1ow flow - : . :
_ OR the condition_af thejmfmtransport connected to the
f;fﬁm#;;_'_ mfmsourcé 18 low_flow highﬁpréssure . o
'._ OR {(iF the coﬂﬁltlnn of ‘the mfmtransport connected to - |
N ‘the. mfmsource is no sensory_ﬂata _ f:
_ THEN reflection(the £low LEunction connected at the
’,_output_cﬁ the mfmsource,ou:put,leakage)}13 faulcy))
-THEN iﬂform the operator for the naxt 2 seconda that
| '“source ithe name of the mfmsaurce] has h;gh flow and
low pressure " . '
 AND 1n6€ke transport rulas .
- AND conclude that ‘the state of the mfmsaurce 15
' fault leakage - . L .
”:-AND start set_manager (the state Qf the mfmsource,"[tha '
“-name of the mfmsourca?* "") R '

et a JL_. N R

e



Gz'rransmrtmles

fﬂ fau]t and the nype of fault._.

-

. mm_mmm_smcn R

': ” AND (IF there exlsts a mfmsaurce connected tc the
o .;.mfmtransgort R R R

THEN (the condltlon of the mfmsaurce connected to the

__'3m£mtransport SE-3 hlgh_flow;hlgh_pressure _ _
”[ﬁfOR thencdhdltlon'mf the mﬁmsouxce conneuted to the
mfmtra33port~1s high_prassure o B '

'=_;foR the candmtlon'of the mfmsource chnected to the:f

- mfmtransportnls high_flow Do T

"ﬁmmtransport ié'hlgh Elow, Jow;pressure

 : GR (1IF the condltion éf ‘the. mfmsource connecﬂwd to'_:zﬂ.

_ _ B the mfmtransport is 1o sensery_data -
v o rHEN reflection(thé Flow_function connected at’
B | the 1nput of the mfmtranspo&t, 1nput leakage)}
_ - ‘ 15 faulty)) ' ' R S
'f'THEN 1nform the aperator for the next 2 seconda that“ h

o

transport [the name of the mfmtransport] has low flowl:"fﬁ-

f anﬁ low préssure ~-leak"
_ - AND invokée storage rules L
. AND invoke source rules ‘f'“ﬂr"' I _
-~ AND . conclude that the state cf the mﬁmtransport is - ”
__.':' fault 1eakage _ R L R o
o AND start set;mdnager tthe state Of the mfmtransport,_
B “[the name of the mfmtransportjﬂ) ) |

B

IF the condit;on of aﬁy mfmtransport ls 1ow flow 1owupressure_

AND (IF there exlsts a mfmsource connected to the

9'_;q} fﬁf ?;:;. .zz;za ""ig;} '* S

;Rules used o ﬂétermlne when a mfm.transport functlon has a fﬁtﬁ"':.

 30R the COndlthlef the mfmsource connected to theq'_  hﬂ_£_



nﬁhmransport _ : ; : B :
THEN {the condltlon of the mfmsource connected to the
~m£mtransport is low £low hlgh_pressure : '

'a;QR the condltlcn of the mfmsource connected to the:

"; mfmtransport is highhpressure E _
eOR tIF the condltlon of the mfmsource connected to
_ the mfmtransPort is no seneoryddata e
 ?5f_THEN reflectlen(the Flow,_ functlon connected at
'wﬁthe 1nput of the mfmtransport, input,s.-'f

a

'E‘THEN 1n£orm the operator [the ﬁame cf the mﬁmtransport has

T

- 1ow flow and low-preesuré - blocked'f”
'fAND 1nvoke storage rules B

'cfAND 1nvoke source rules 7'f"“_flﬂ'feT_fe_ﬁa'A_*9=" 1 '”:”
" AND conclude that the state of the mfmtransport lS fault -

_AND start set manager (the state- of the _ =
mfmtransport,“" "[the name of. the mfmtransport]") 3

e

eﬂIF the COﬂdithﬂ of any mfmtraneport is 1ow flow

”AND {IF there exlsts a mfmaource connected bo the BN
mfmrransport L ' ' k

THEN (the condltlon of the mﬁmeource connected to the :

el mEmtransporL ig- hlgh_flow;hlghmpreesure
- OR the mfmtraneport is. high_flow -

i OR the conditlon;of the mfmgource connected ta the_“"'”'

e ﬁfmtranspoft”ie hlgh_flow low;preseure _
' ZOR the condltmon of the- mfmsource connected to the
: | mfmtransport ig high*pressure '_‘x ' '
. efOR (IF the condltion of. the mfmeource connected tos
the mfmtransport ig no sensory data IR ;”f

_THEN reflectlon(the flcw functlon ccnnected at

_the imput of the mfmtrahsport, 1nput. 1eakage)}
: P : _1s faulty)} _ . R N
THEN 1nform the operator for the next 2 seconds that
_ “transport] ‘has low flow-— 1eak"' ' :
AND 1nvoke source rules' ‘

4

”gg'ff"



3 &;fw AND conclude that the state of the mfmtransport 15

fault 1eakage - : Vi
ANB start sot*manager {the state of the _ )
ﬁj nmnmransport, “[the name of the mfmtransgort]"

:'fIF the oonditlon of any mfmtransport 15 :

_ _;fjlow flow high_pressure']_“';fu_m-q..: . - l,'fffa :f-i o h
"5,”AND (IF there exists a mfisource connactéd to gHe
Qf:.'f*-mfmrransport i r::~ '*-~,=e SR .“”2“'f””” e

v THEN (the condition of . the mﬁmsource connected to the - _

N S mfmtransport is high_flow;high_pressure R
OR the condltion of the mfmsource connected to the § f

,ﬂ; mfmtransport is- hlgh flow SRR L fo

~OR: the condition of the mfmsource connected to the jf"

'"? mﬁmtransport ig hlgh flow low_pressure o Hf

OR (IF the condltien=gf the mfms@uroe»connected to -

" the mfmtransport is no sensory ‘data’ e
TerHEN reflection(the flow functlon connected at
o .uT'the lnput of thé mﬁmtransport, 1nput, leakage))

' “ '.'].S faultY)) . : .. - _ -
THEN inform the operator for tha next 2 saconos that H_f;---“

o'“transport [the name of the mﬁmtranSport] hasmlow f]ow

f?h leak® o A ’ o

. AND invoke $torage rules j,j=oﬁ._"5iﬁ_qof. L
' AND invoke source rules u o e T

AND conclude that the state of the mfmtransp0rt is

| fault_leakage T | O

'  AND start . set. manage: {the state of the mfmtransport

l*{t:he name of the mtmtransport] 1 SRR

g
bt .

-

@

-

I

; : : S . _ P -
'IF the conditlon of any mﬁmtransport 15 lowwpressure
AND (IF there exlsts a mfmsource connécted to the
“?:_ ﬂﬁmmransport L : a -
' THEN (the oonditlon of the mfmsource connected to the
S : mfmtransport ig hlgh flow high_prassure
OR the COﬁﬁltiOﬂ of the mfmsource connected to the.




mﬁmtransport is. high_flow
| _ QR the canalt1on of the mfmsaurca cannecte$ ta th \
- .;-f‘dé‘.__:i, mfmtransport is hn.gh flow low,l‘_pressure
A OR (IF the caﬁﬁ:tmon of the mfmsource connected to
the mfmtransport: :l.s no sensory “data ' -
_QBEN reflectlcn(the flow functlon connected at
S the :anut of the mfmtransport, :anut, "eakage})
:.ifJ ﬂf , Ljfﬁjg is faulty}) .- C __. LR
;“%iTHEN inform the operator uor the next 2 seconds that

éf"transpart [the name of the mfm{ransport] has low flow “'.ffi'ﬁ'

Pl

AND inivoke storage mles RIS,
LEND 1nnoke source rules ';nfb;-ﬁ;vﬂﬂfﬁ_ﬂff:rf}:

AN'D conclude that the state of the‘ mfmtransport. 1s |
.f“fﬁ fault leakage R SO e
.._ANB start set, manager (the state of the mfmt;ansport
;; ;nn "[the name af the mfmtransyortl“} ' .
| FaﬁLi;ﬁR#ﬂsPdnm;conﬂﬂawidﬁg ;sﬁ-
g _ S
: IF the CDﬂdltlcn of any mﬁmtranSport is hlgh flow
o AND (IF- there ex:l.sts a mfmconnec:t:.on comiec;:!:ed tc the '
| ' mfmtransport Ce ) o ' . _
- THEN- (the in, conditlon cf the mfmconnectlon connected
_ L to the mfmtransport is 1gw flow o
IOR'ﬁhéﬁin_pond;tlon of the mfmconnectmon connocted-
”_":td'the‘mfmtransport 1s‘low_pressure ' ' “l
OR the_ln_conditlon of the mfmconnection connected:'?:
_ tdfthe mfmtranspmrt is low_flowulowﬁpressure
;'Qﬁftneuln conﬂltion of the mfmdonnéction donnédted-=ff
 '  “to the mfmtranspart is low.. £low. hlgh_preESure '
' OR .t_h'e : 1n,_condition of t:he mfrnccnnect:.on connected"
. - 'to the mffntransport :L& normal)} S
EHEN inform the operator for the next 2 seCOnds that
:-“transpart [the name of the mfmtqansportl has hlgh flow
 1~ lnak or Lheck sensors"' R

o



©AND :‘:avoke sink rules S . Co
AND ‘conclude that the state of the mfmtranaport is f; 35¢f:
_ fault leakage ' ' - . ' C
AND start set_manager (the state of che mfmtransport,“[the
name of the mfmtransPQrt]“ ““) . : Lk

"-Q?IF the condition of any mﬁmtranaport 1s

_ _Zhigh flow_low;pressure BT TRAD SRR \ e

'. ?AND (IF there exiats a mfmconnectzon connected to the.<: -'

R nﬁﬁmransport _ o _ e Lo e f'_

THEN (the in_cOndlthﬂ of the mfmconnection*?onnected

' o the mfmtransport is :
_ 1ow flow 1bw_pressure .
'ﬂ~0R the in condltlon of the mfmconnectlon connected
to the mfmtransport ig low flow))

THEN inform the operator for the next .2 secqnds that . -
“transport Ithe name of the mfmtransport] h@s h;gh flow :  
and 1ow pressure --1eak" _ L AR : |

AND state of - the mfmtransport 1smfault leakage -”"'_

AND start Setgmanager {the state of the mfmtran5port,“[the o

" name of the mfmtransport",“"}

"\_‘\_

| IF the ¢bnditian cf auy mfmtraﬂsport is’
' hlgh flow lcw;pressurn oo _
Z“AND (iF there exlsts a mfmconnectlonﬁconnected tQ the

mfmtransport Lo )J
THEN {the in’ COHﬂlthﬂxOf thﬁimimtransport is
‘high ,__prp“*"‘ Y RIT

_ OR the ln condition. of ﬁ Fﬁgﬂponnectlon aonnected
to the mfmtransport;iéunormal}J o “j _“g-~
THEN 1nform the cperator fo¥ the nekt 2 seconds that LN

transpnrt [the nane Qf- the ﬂmmtransport] has hlgh flow

. _and 1ow prESsure v .'ﬁ' o o BRI f&bf'-

ANB invoke storage rules
END 1nvoke souxce rules




'
e .

AND conolude that the start Set_manager (the state oF the-ﬁo ;

? mfmtransport,"[the name of the mfmtransportl“)

 ,fIF the conditlon df any mfmtra*sport is hlgh_pressure.
_ANﬂ {IF there exasts a mfmconneotlon connected to the

mfmtransport _ . o _ R
THEN (the in condltion of the mﬁmconnectlon connected

\3ffT'\:j;jﬂiﬁ RO - tho mfmtransport is low_prossure R
OR.thaﬁ“n_condltlon of the mfmconnectlon connected_'_ﬂ
| to the mfmtransport is low.flow. 1ow_pr655ure))j e

' THEN nnform the oper tor for the next 2 seconds bhat
transport {the nalh of the mfmtransport] has hlgh
_ preasure - blocked "?w_: iy S _
AND 1nvoke storage rules ;"ﬁ'ff_‘f?;i-'fo_ *7.fﬁg7r".“
o'AND 1nvoke source- rules B A

AND conclude that the state of the mfmtransport ig N

fault_blackage

:"AND conclude that the state of fhe mfmtransporu 1s

fault_blockage

AND start setumanager tthe state of the mfmtranaport,"[the_f"

+

name of the mfmtransport]n Y

IF the condltlon of any mfmtransport 15 hlgh_pressure
AND {IF there exlsts a mfmconnectlon oonnacted.to the
nﬁhmransport o '

THEN Itthln condltlon of the mfmoonneotlon connected .

o BE : to tlhie mfmtransport 1s 1or Elow
OR the 1n_oond1tion of the mfmconnection oonneoted
' to the mfmtransport is” low fldw;hlghbpresaure

OR the in__ condmcion of- tho mrmtransport is normal)lf

THEN 1nform Lhe operator for tho next 2 seconds that

”:j;’“ transport [tho name of the mfmtransport] has hlgh

presaUre ~-1eak " _ y o _
AND invoko storage rules T o o
AND invomo source rules ”7'Q"”-T' T

"'ﬁéfi“




AND conc:lude that t:h.e state of the mfmtransport is'f"_'.-.l'_":'_. &
S _' Fa.ult 1eakage ;{;T;"' f"*du- ?'wu--{?' o I*;;fiﬁﬂgfﬁqhﬁ5 fﬂ-}
f:%_: f“ Aﬁﬁ start set_manager (the shate of the mfmtransport,.a_~ 'T
L "[the name of mfmtranspor}il“ e L

. S K
_{v_\._. L

IF thu-:-. cond:.tion of any mfmtransport: is" B o
hlgh_flaw_hlgh_grevsure : L N e ! ] - |
AND {IF there exmsts a mfmconnectlan canneated to the ;*ﬁujT{;:_jg_jy3
mfmtransport . e S T
THE:N (the :r.n_cond:.tz.on of the mfmconnect:l.c;n connected
‘to the mfmtransport ig 1ow_pressure -7

...n - 1?

P

K OR ) th'é_;

-1n“coﬁ“dlt:\f;n of the
_tlle mfmtransport :Ls
in con&.:tmn of the
‘the mfmtransport is
'::I..Il cond:.t:xon of the
-_.--the mfmtranspart J.s'
'in (‘.'O"ldltlon of the

mfmconnection c.onnected
low_flow .~
mmconnectmn connected

low flow_}.ow_pressurse T

mfmc*onnectu.on coxmected

low :Elcw hlgh,__pressu,re

!‘.‘-‘

o

mfmconnectn.on connec{:ed Lo e

.the ﬁﬁmtransport is nor'na.r.)) : t« .'

S e )1 .
THEN 1nfor.m t:hé ope::ator for the rrext 2. aﬁcaﬁds t:hat;" '

transport [the name of the mfmtraﬁsport; has hn.qh flo'cg

J;

and h:Lgh presﬁura - leaM' R L
CAND 1nvoke s;nk rules t*' .-fi ﬂ o e R
| AND. c:onclude thai: the state of ‘the mfmt;ransport

ANIJ start Bet manager {the sbate of the mfmtz*anspoxt”l{tbe

. - name of !;he mfmtransport] W)

e

",.I\ . ’

/_:. C" W .,'_-:' :

15 faﬁlt

. A S 2
l._‘._ . PR 2l

T “he condition °f any mfmtransport is "’.-,'r”f*;;“”f.ffﬁ 4
-"Ow flow hlgl'LPIESSure _ LR N .

' : mfmtransport : . S L
'I'HEN (:Ln cond:.tion of the mfmc:onnee/ t:l.o.n &:onnectecl t:o\ . 0
the mfmtrans urt is 1ow_pre33ure Moo

,
e aad
et



IR I
L oo

1bR thé“iﬁ;gonditibn.cf_thé mfﬁconﬁeCtion”cénﬂECFQQ S

,"Etofﬁﬁé mfmtréﬁsﬁoft-is low fléw”iaw_préssﬁfé
"5oﬁ_tﬁe in coridition of the mfmconnection connectad;
- - ta-the mﬁmtransport is low flow}) ,'
"'THEN'infdnm the Operatar for the next 2 seccnda thét"'-"
' trausﬁort [the name cf the mfmtransport] has low flow
and high pressure-— bloaked"--~> : g
.. AND invoke sink wules e AR
7  AND . conciude that the state Qf the mfmtransport is
faultLblockage ' S

'AND smarﬂ SEt mdnager {the stata of the mfmmranapart,u[tha1. 1

name mf thé mfmtransport]“ "“)

j IiF the conqltion Qf any mfmtransport is _ 
1ow flow—hlgh,pressure _ | o
AﬂD (IF thelre exiats a mfmconnectlon connected to the
mfmtransport S : S '__\ §
THEN {the 1ﬂ'con61tlon cf the mfmconnection conneated
R _ to the mfmtransport 15 high £low
gfdafﬁﬁa inﬂgonditlon oF . the mfmconnecthn aonnected'
'tb_the mfmtransport is high_flow 1ow_pressure :
OR tha zn_condltlon of the-mfmconnectlon connected
to the mfmtransport is high_ flow_hlgh_pressurej

para iy

ORZEhe in_condition of tha_mfmconnection ccnnacEEdV 'i' 

-  7ftouthe mEmtransport. is.high £low o

= Qﬁ'thé in condltlon of the} mEmeonnection connected
_ ' tOLthe mfmtransport 1s'normal))jq\g"" N
';THEN infﬂhm the oﬁeratOr for the next 2 seconds that

) and: hlgh pressure LN
 AND invoke source rules N _ _
;'AND 1nvoke storage rules ='". L S
AND oonclude that the. state of the mfmtransport is fault
. AND start set_manager {the state of the '
.-_mﬁmtxansport]? "[the name . of the mfmtransport]") .

......

'”_':[__ "transport [the name of the mfmtransporr] has low flow L



M o

= nnnnwiﬂmgnsrdnnns:uxe\ .
O LTSI N

'ﬁnIF the cmndltlen of any mﬁmtranaport is hlgh flow

"AND teF there exmets a mfmslnk connecte& to the mfmtraQSport f~*553e

-l'ﬂ- THEN {the condltlon of the mfmsiyk connected to the'f
' S mfmtrakﬁggr_ﬂgf Tow. flow e' '
o OR the condztlon.of ‘the mfm%lnk cnnnented»to the
e mfmtransportnis low_pre sury 'j' . :
2: OR the condition of mfmslnk“connected to the
ﬁ 7'f mfmtransnert is_ low_flow. lom_pregsure
OR the condmtinn nf tne mfmsink connected to the
: nwnmransport is low flow highﬂpreSSure ]
fﬁ OR the cnnditlonfof the mfmsink connected to the
B mfmtransport"is normall) I |
B THEN ﬂhfonm the operator for the next 2 eecon&s that

-“trnnnport [the name of the mfmtransport} hns hlgh flow L

'f— lgak or check Sensnrs" -
AND 1nvnke sink rulee _ : T _
AND conclude that the: state ef tte mﬁmtranSport 1s_;n'
_ © Fault. leakage R : -e: S - S
AND start set_manager (the state of the mfmtranaport,#[the

i

' name of the mfmtran&port]" '.)nj]_:=

i

IF . the condition of any nmnmranSport 1s I

'-;'hlgh_flow low_pressure o S
'AND {IF there exists a mfmsink aonnected te the mfmtransport "
:xy= - THEN (the. condition of the mfmsink connected to the -

mfmtransport is low flow 1cwmpressure
OR the condltlon of the mfmsrnk connected to the
mmeransport is low flow)} A '
THEN 1nferm ‘the operatcr for the next 2 seconds that“

transport - [the ‘rame of the mfmtraneport] has high flGW_ 7'

. and. lcw pressure - leak".*

AND lnvnke sznk rules _ L o L
AND cnnclude that the state of che mfmtransport 1s -"

i



S o ' fault 1éakage o . T A T B :
o AND start set; manﬁger (the state of the mfmhranspﬁrte"[the?
R name of the mfmtransport]“ ““} R |

3. % RTINS

IF- the candition af any mfmgransport 1s ; _

highmflnw 1dw_pressure T _:_' T _

AND {IF there exists a mfmsink connected ko thé mfmtraRSport '
"'-”HEN (the cﬁnditmon of the mfms;nk connected o, ‘the

. (H.l

. 'z::

“; mfmtransport is hmgh_prassure R *"ﬂ.§_2=3“'” o

OR the condat:cn of the mfmsink connected to the o
o ' mfmtransport is normal)) N L
."_' THEN inform the operator ﬁar the next 2. secmnds that , E
K -“transport [the rame’ af the mfmtransport] has hlgh flij;jt
RO ‘and low pressure’ - ] I
5_.1?,: .;'.AND invoke starage rules ;$$%Il
|  T'AND invoke source rules L S -
- AND dbnclude that’ the ‘gtate of the mfmtranspokt?js fault

o

”ﬁf_AND start seﬁumamager {the state of the mfmtransport,#tthe""
. namé of the mfmtransport] ,""[the name of the BT
po o mfmtransport]"} - *"f-h_',fh,.;;'ﬂ'gﬂ*- Lo -‘?C L

IF the CQndltlan of. any mfmtransport is hlgthIEESHIE o
Aﬂn (Ir Lhere exists a mfmsznk connected to the mfmtransport
. THEN (the conditlon of the mfmsink conqected to ‘the
= 1~. _:-.5'= mfmtransporb is low_Dressure .
: OR the dandltion Qf the- mfmsivk ¢annected to the
_ _ mfmtransport is Tow, £low, 1ow_pressure)) : '
.;3THEN infoxm tha aperatar fnr ‘the next 2. section that

;”‘“transpoum [ehe’ name of ‘the mfmtranapcrt] has bigh *-f"_

e @ressure < biockeﬁ“ "*"ﬂ;a“g jﬁ,\wyﬁ_w- :"; _¢jﬂf_'

 'AND 1nvoke storage rules ?; o R  :. . ': 
- _AI‘TB invg].;;e SO'I.I‘L‘GL r}};:[_eg R ; RN - L h .
=f_wAND conclude that the state of the mfmtransport iz

Lo Eaultmblockage Co SO IR Lok

T

TN e

PR

Taroe

W



r .;M'..ge';j*-_ o OR the condltion of the: mfms;nk connected te the

i

AND etart set_manager (the state of the mﬂmtranspert P[the
name ef the mfmtransport]"'ﬁ*L _"_;_~~-f:ffﬂzg¢;1e5.;;--"

IF the eondi_lon of any mfmtransport 15 hlgh_preESure -
AND (IF there exlsts kS mfms;nk connected to the mfmtransport
vTEHEN (the condntlen af the mfm31nk connected to Lhe ’
8 ﬁ  mfmtransport is low flow o [ﬁ : *"“u-~-- o
ﬂ.GR the cendltlon of the mfmnink cennected to the
mfmtransport ls Low £low, hlghhpressure L
QR the tcndltlen of rhe mfmsmnk ecnnected to the

R mfmtransport is norma‘)i L _
“;THEN 1nfe&m.the operator ter the next 2 eecouds that
__ “transport Tthe name of the.mimtransportl has hlgh
- pressure - 1eak"" : S SRR

"ﬁ_:~" JIAND invoke storage Kulea i'.e.*;fj_alffﬁ*f*,;ajk .

"_END invdke snurae Lulee f??ﬁ”jtjiﬁ, o y"*“f"
_LAND"ccnchude that :he state ef mhe mfmtranepm"t is =

.'li LT

maats le“kage it R o CoE Y

: name Qf che mfmtransport]" “W

K]

a0 L . . . : .
|:_ ) B o . -:_’q-'.-. . C . . e

zF the cendltion of any’ mfmtransport is ”1_f-f .
hlghﬁflow_hiqhepreasure :r~;”_&.‘. o 'i* .,-ﬂ.af )

'ANB start aet manager LLpe state of the‘mfmcraneport,“~the ﬁf;;f;

s ANE {IF Lhere existﬁ a mim31nk Qennected to the mfmtranspart 'f’e:¥f

THEN (the CCndltiGn of- the mfmsink connected to the

o mfmtransport is low pressure - ';*'if;q -;-7

. =? OR the coadltion of the mfmsmnk connected to the”

mfmtfansport ig. 1aw tlow S o SR 'fef?i'~a;-'”

o

“J'.j_‘, nﬁnmranspegt is: low_flﬁw 10W“Pressure |

OR the condltlon of the mfm51nk ﬂonnected to the,fﬁ' .
mfmtransport is lcw flew_higheﬂressure N

. ‘mEmtransport is normal)):_ :
THEN infonm the operater for the nexﬁ 2 seconds that"'



transpurt [the nama of the n&ﬂmransport} has hlgh flow

andfh;gh presaure - leak" '5--gﬁ.gf;,iQH_=3:;- o ~a_ﬁQ3IT;ﬁ:mJ

AND inivoke sifk rules S )
AND concludé that thECState of the mfmtransport is
fault leakage e : ’ .

- AND start set_manager (the statp of the mfmtransport,ﬁtthe_ff{};*f

5 -

name Qf t:he Iﬂfmtranspgrt] ", )
_}IF the Cdndlthn of any mfmtranspart 19 :;;ﬁ;_;_,
" Tow. flOW highhpreSSure o R

| “?_ANB (IF thare exiats a- mfmslnk connected ta the mfmt{anSport

THEN (the Londitlon of - the mfm51nk connectéd ta the

_ '.-u ' mfmtranSport is low hpmessure ' _
: R OR the condltion of the mfmsink connected to the
'_g,] ” j_3g o ﬂﬁmmransport 1§ low_flow low_pressﬁre o o
. oR°the condltlon oﬁ the mEmsink- connected o the o

I

U “w;[_ mfmtransport is low flow)} S )
THﬁN inform the- operatar £or the next 2 that "transport B
[the name of tha mfmtransport] has low flow and pigh

pressure - blocked""' ".[.j'f;-~---«. '"' .'¢ ‘%ﬁﬁ:.ﬁ
AND invoke sink rules.;_f'f- f " ¢'" o T
AND conclude that thé state of the mfmtransport 15
fault blockage S R ;;*q, .
AND staxrt tﬂmanager {the state mf the mﬁmtransport,“{the-.'
- name o%ithe mfmtranSport]“ "") : S
y

_ 5IF the canditmdh of any mfmtransgort ig ¥7~L_
CLow. fldW'hlgh_preSSure R o '?§“ _
AND (IF there exists a mfmslnk cannected to the mfmtranspbrt
\EHEN (the condltibn of the m;maink connected to the .
-..\ _ m;;uﬁ . mfmtransport is hi h ﬁlow ' . '

s

A
| ?-_Tﬂ- mfmtransport i high”flow_low_prESaure
_ dh the condition of the mﬁmsink”connecﬁad to the )
5~\[ ; mfmtransport is high_flow hlgh,prassure e

[ . : St
\ om the coﬁdition of the mfmsink. connected to the_--'.



57F%Fﬁiiiﬁeﬂﬂfbaﬁwéhhcvhhmieu*1

| V_ffOR the conditlon.of the mfmemﬁk connected to‘the

L mfmi‘:ransport is. h:;.gh Flow SR S
'”jfeOR the cenditlon.of the mfm51nk connected to the o
Lo nﬁmmransport 48 nermalll e
'ffTHEN lnform.the o Erator for the. next 2 seconde t@at -
'"tranapert[ the name of the mfmtransport} has lew flow
and h:ngh pressure w0 ' ' ' '

. AND invoke souree ruLes

- AND invoke eterage rulee

3f 5AND conglude ‘that- thé state of the mfmtranepert is fault |
| AND .start set. manager (the gtate of the. mﬁmtraneporﬁ,"[the Lol

””f'name sf the mfmtransPert]“ “Ethe name of the
nihtranepert]“) o ' ' '

g
N N

IF the Candltlon eﬁ any mfmtransport 13 low flow low;pressure
AND (IF there ex:.sta a- mfrncalc connected:- aht:’z t‘.he output to the
mﬁmtranspertu B ke

o THEN (the condition of the mfmseurce connected at the,fkf_.

_m];lnput of the mfmtransgqrt is ;
‘high._ flew_hmgh_pressure coa e ".:._ . |
"ef'OR the condltlcn of the- mfmceic cennected at the f

input of the.mfmhransport ig hlgh_preseure

Locda T

. —
e

- OR the condition of the mEmcalc: connected at the ;;Qegf .

L r' input. of: the\mfmtranspcrt is high _£low ;-we
"eOR the condition of the mfmcals connected at the

.:1nput eﬁuthe mfmtransgerébis SR jﬂ_”'JQ_J_-

"7+ nigh flow_lqw;pressure o :
'-_OR CXF the condltion of the mfmca&c connected aL o
.. e
' the input of the mfmtraneport ie B 5 -

”[{;fﬂo Bensory_date'y'  . o .

.\ THEN reflegtion(the Flow, funetlon connected at |
¢ the input af the mfmtranspert, 1nput. leakage))?“

T faulty}) 55_ SRR ' :

'e THEN inform the operator for the next 2 seconds that"-

bR
= o
b

B U P



transport [the name df the mfmtransport] hee 1ow flew
{'and 1ow pressure - 1eak" ' IR ' S

;.“'51Aﬂn lnvoke BoUrce. rulee B o
o AND cenclude that the state ef the mfmtran5port is’ ;
_  fault_;eakage }f:. : '_q._u TR __;uw__: ;:ﬂf S
'e¢AND start eet_manager (the state of the mfmtraneport'“" {'
"'“{theﬂneme ef the mfmtran5port] J S L

- IF thﬂ condltlon Of any mimtransport is low flow 1cw_preseure} o

AND (IF there exlets A mfmcalc conneﬂted at the 1nput of the e 5J""

_ '_3 mfmtranspnrt R : :

: p{ THEN (the condltmon of the mfmcalc ccnnedted at the
' -"g-input of thﬁ nﬁmtraneport is low flow hlgh_preesura
" OR the. condltlon of the’ mfmcalc connected at. the '
7'f1nput of the mfmtraneport is ngh_preseure T
HoR {IP- the conditlon of the mfmcalc connected at
.fthe input of ‘the mfmtranepcrt is
' tio eeneary data . - '

_HHEN-reflectlon(the flow functlon Qonnected at ).
/-

_ _:_Tu____:' the . lnput of the mfmtransport, 1nput,
SR 7*gb1ockage}) is faulty) ) - '

‘ - THEN 1ntorm £he operator [the name of the mfmtransport hae ‘@,f

| T low Flow and low preasure - bloaked".-'
_'AND 1nveke etorage rulee ;e j __"’_1_*'-J°3_;_
| AND invoke source. rules R R G
'-.AND conclude that the state of the mfmtransport is fault
_AND start eet menager {the etate of the. '
mfmtraneport . “[the neme of - the mfmtranepert] )

. LR . . .-
. Q¥ S - S Talt
. o : X . - = . -

"

IF the condztion of any mfmtransporﬁ is 1ow flow’¢* _
AﬁD (IF there exi sts . a mfmcalc connected at the 1nput of the -
- mfmtjransport - e _ o
) THEM (the cokkltion of the mfmcalc cennected at the
“_ZQ* input the mfmtﬁaneport is high flow_hlghhpressure

L1010




W,

:"TAND 9Part setﬁﬁﬁnager (tha state af the f{é

OR the condmtlon of the m&mcalc connected at theng;__,

1nput of the mfmtransport is hngh_flow

OR the tondition of the mfmcale cnnnected at- the'f'nf”V

e 1npub of the mfmtransport 15 ,jkf”
'?high_flow low;pressure N

OR the conditicn of the mfmcalc connected at the;xfﬂ f
1nput of ‘the mfmtransport ig high;pressure TR

OR tIF the condltion of the mfmcale connected athff"?'”
the 1nput of the mfmtranspnrt lB _f,qfhgg”mfﬁ-r ER

*nqmsensOr?_data
THEN reflectiontthe flow function connected at

.;f':n_jf“'the 1nput of the mfmtransport, lnput, leakage})gnrnj

1{ THEN infnrm the operator for the next 2 aeconds that oy

'fﬂ_“transportl has dow flow - leak"'
AND 1nvnke source rulas SR

fault leakageaﬁ;j;_ﬁz- ~_-.. S S R

mfmtransport,““ "[the name of the mfmtransport}"}
IF the condmtmon qf any mfmtransport 13 R
low flow _high resaura, A T

™ N3 .. )

AND (IF ther 1sts a mfmcalc connected at the input of thean

L 1mmmran5port _ P : o
”'THEN (the condition of the mfmcalc connected at. the_
1nput of the mfmtransport is hlgnuﬁlowﬂhlghipressure
OR the condmtaon of the mfmcalc connected an the
input of the mfmtransport ig high_rlaw

OR the nond;tlon of the mfmcalc connected at the _'jf.

o

_input of the mEmtransport is'
high. flcw low;gressure o ;“'_ o _
qutiF tne condltion of the mfmcalc connected at
-€3.;ﬁ'” the 1nput of the. mfmg;anspcrt is n“ -
T ne, sensoryﬁdata _ S a
THEN reflect;on(tha flow;functlon conneeted at
_ the ;nput of_the-mfmtranSPQrL, 1nput leakage)j

"AND canclude that' the state of the qﬁmtran5port is ; gJ7€'n_ pn'

FRE P



S

O
B} isiiaulty)) _ o :
THEN infbrm tha oﬁarator for the next 2 seCondB that _
' ”’"transport [the name ‘of the mﬁmtransporh] has low flcw

e leak"i;g

AND 1nVle storage rnles 3'*{f {D"uf:-N ;”gf - }._yTg.f[f‘

AND invoke source rules SRRRTI : R
AND conclude thag the state of the ﬁfmtransport 13
’ fault leakage-fﬂfugu, = e m: b,.'g. : e L
AND start set;mahager (the state of the mfmtranspcrt o

..0

T,IF the condltiqn of any mfmtranspart is lowﬁpressure
AND {IF ther@ g ists a mfmaalc c0nnected at the 1nput of the

mfmtranﬁport \*3-:~ m"

THEM (the condition of the mfmcalc connected at the R

'f 1nput the: mfmtransport is hlghhflow_hlgh_pressura _j;j';

'f}fi- OR the candztlcn of ‘the’ mfmcalc connected at the
."'  : lnput the mﬁmtransport is hlgh flcw
o OR the candmt;on of the mfmcalc conneched at the
' input of the mfmtransport is o ni L '
_ hlgh flow low;pressure _ S
o OR the ¢ond1tion of the mfmcalc cannﬁcted at the
- &f: Qj3_; input of the. mEMtransport is: high_pressuxe
' OB {IF the\bgndltlon of the mfmcalc connected &t
_ ‘the input- of the mfmtransport is o "3_h:
3.'no aensorymdata--“~' S =: }*.f ﬂfr' o
THEN reﬁlectlon(the flow functlon conpected at
athe input o£ the mfmtransport, 1nput laakage))
eig faulty)j S - o
THEN inform the operator for the next 2 seconds that
| “trafnspo:;t [the namé of the mfmtra.nsport] has low. flow

= leak" o6
AND”lnvoké(storagémrules
AND invoke source rules . L B
AND conclude thar the state of the mfmtransport 15' :
fault leakage : A '

103




:JI - =

b AND start et manager (the state ‘of the mmewanSport

H——

.ga;” L.ﬁJf';u_:_uf%_“

IF the condltloﬂ'of any mfmtransport 15 h1gh_f1ow

mfmtrahsport SR :.f L _---- :'W'---”- ¢='
U THEN (the condltlon BFf . the mfmcalo conneoted at tha
:f@Q:: output of the mfmtransport is Aow._ flow _f' SR S
D OR the condltlon of tﬂe mfmcalc connected at tha;;i:fo”

_r'_output of Lhe mﬁmtransport 15 low pressure
OR- the condltlon of the mfmcalo connected at the,
' output af the mfmtransport is e ' )
ST low flow low_pressure _ T ) .
‘W[?<0R the condltlon of. the; mfmcalc connected at tha iﬁa"w
" “output the mfﬁtransport is :
_ '”‘1ow flow highhprESSure N “-.'}f.* '“;gto
'uffOR the conditlon of the mfmcalc conneoted at’ the':,f'”
o SR ?'output of the mfmtransport is. normal | L
P S oR (IF the condltion of the mfmcalc connected at’
.T"o:____E  h '.o':oj »the output of the mfmtransport is _-gﬂ$#;
R _ 5:% - _,:..1nﬁ sensory;ﬂata . N By -
o IHEN reflection(the flow function connected at .
E:'il“' j f_i"_f_* f3ﬁ__the output of the mﬁmtransport, output,u
. o | R EE "'.leakage.}) is faulty)) _ .
: ﬁgﬁ,-'f . THEN inform the oparator for the next 2 seconds that
R 3"transport [thethame of the mfmtransport]‘has hlghhilow"ﬁ'
.-~ leak or oheok sensors" S 7-'f S ' L
' AND . 1nvoke s;nk rules S "'ﬁ" :
o AND oonolude that the state of the mfmtransport 1s
fault leakage - : . . Lo S
. AND start det_manager. (the state of the mfmtransport,“[thei’
' name of the mfmtransport]“ "“} A ' '

_:IF-the.coﬁ&itionjof,any'mfmtraﬁ9§ort is

104
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7 ;{:x_;fo:?-"Ithe nama of the mfﬁhransport]“} ngf.}j'fﬂéﬁfff'9o=~ o

._; AND (IF ;here exmsts a mﬂmcalc connected at the output thei_;~?ojfgf\



o

_ high_flow low;pressure _ . .
AND (IF there exists a mrmoalo connected at the outpun of th%

the mfmtransport 15
low flow low“preseure _'] e o
DR the oondltion of the mfmeelc connectedwat the

GUtput of the mﬁmmransport 1s low flow fo"f”glf*“

  :0R (Iﬂ the oondltion ‘of ‘tha’ mfmcal connected at
':;Jthe oﬂtpur of thg mﬁmtransport%§ o

_;][fno sensoryhnata : o S

' 5fTHEN refleotlon(the flow function connected at

W

;j.ﬁ?_;ﬁai5;5:¢;the output of the mfmtransport, output,_; jﬁ

':[ AND start set_manager (the state of the mfmtransport,ﬂtthe-e

‘:leakage)) 1s kdulfyj}

THEN 1nform the operator for the next. 2 seconds that“"**jf

\,

t;ansport [Fhe name of the mfmtranSport] has high flow JQTf

n—')

and lOW'Preésure - 1eaku?:_q

AND 1nvoke sxnk rulegj-'-_V-f’-Gﬁ--ﬂii” T ;'iﬁ_'f;- ::'-};J_

AND oonolude that the state o% the mfmtransport is.
fault 1eakage _“;- e .-~--.a”.- o

name of the mfmtranbport]" "") {j’;,'--i_m_ S

_.”\".

IF the COndltloﬂ of any mfmtranSPort is hlgnﬂpreesure

AND (IF there exists a mfmcalc gonnected at the output of the N

nmnmransport
THEN (the condltion of the mﬁmoalo connected at.. the
output of the mfmtransport 18 low_pressure-:i
OR the conditlon of the mﬁmoalo oonnerted at’ the

ufput of the mfmtraneport 2 Low flow low_pressure-:

OR {IF the coudnﬁlon of the mfmgale connee#ed?et
. the output of the mfmtransﬁgit ;ﬁ-f@]_-”

';fino eensory ‘data ”ﬁ:'o e
| THEN reflecty nﬁiheffloWEf
” QUthe oubput oﬁ thé&mfmt"ﬂnspo;“'

ndltion of the mfmcalc connected at the jf}"“”*"



_ 4?"'

-_ bloc:kage}) is f.ault: oot |
-;h_THEN 1nfoitfthe operator for tE% nextﬁzfeecp%an uhat
B v'"tranSPQrt [the name of the mfmtran D rtj uas hlgh
 pressure -, blocked" T Y S
- awD invoke storage rules = . (% ,5'

W R
w4

s

_'AND 1nvoke eource rules _ . A
'_”1AND conclude that the state of the mfmtransport 15: B
ault. bl cka L RURTRRE . . .
S toblockage e
,_;ﬁ AND start set manaqer (the state ef the e“¥tranepert,“[the -

' name of the mfmtraneport}“ “"lu_ PRI
IF the Conditlon of any mfmtransprrt lS hlgh_preesure :
AND (IF there ex;ets a mfmeale connected at the output of the
' mfmtragﬁPOrt S : e -.._ : ST
' THEN {the conéitlon of tﬁé’mfmcalc eannected at the&

Outvut of the,mfmtransport is low_ flow L -_ 'fiﬁz'gf

OR ‘the condltlon of the. mfmcalc” connected at the
eutput of the mfmtranSport is- o s
S low, flow_highhpressure- _ E
OR the condltlon\omehe‘mfmcalc cbnnected at thee
| output of the mEmtransport is normal - o
OR {IF the condit1on of the mfmcalc conmected ati'”
. the. output of the mfmtransport is '
"no sensory;data a

co U

jthe output of the mfmtransport, output, -
o ”eeakage)} is faulty}) o o
THEN 1nform the. operator for the next 2. seconds th?h e'
'_"traneport lthe: name of the mﬁmtraneport] has high
: pressure - leak" ' '
_ ﬁﬂn invnke storage rulee
';_&AND 1nvoke source rules . R
: - AND" conclude that the state of the mfmtransport is-

L]

_fault _leakage _ : - o : .
AND start seb manager (the state of the mfmtranspert,'[the
name of the mmeransport]‘ ““3 ' v Lo

A S . . :. o ey T T

fTHEN reflection(the flow functlon connected at ~;’ff*



"’ . T D S T . * S )

T

-IF the oondltlon of any mfmtransport ls _ - _ - _
CIF there EXLStS ar mfmcalc connected at the outout fﬁe'f_f“;'ﬁ_xﬂ

&HEN (the condmtlon ot the-mimcalc oonnectea Bt " Qhe t

..‘.‘_T"'_‘ S . -

“-*}”3 o, tpuL of the mﬁmtrah%pﬁrt is low_greosure

]Fgfy'tt;ffg*f Ok the condition ofuthe mfmcalt oonneéted at the'

'f:"ﬁ3';- output of. the . nﬁnmxansport 13 1ow £lbw _ _
R the conditiod of the mfmcalc comected at the
_ output of the mfmtransport is’ AR
:lﬂﬂo' "1 ow_ flow lﬁﬁ*Pressure O Y 7“7'-{e*$“,i:ff-"
“f or the oondltlon of the mEmeale: "onnect\& at the
. output the mfmtransport lé '_' S j ey
Yow. fldw hlgh_pressure -]-.-w-ff“:o"- *iﬁ‘f;_{51 1ﬁ:
OR the oondltlon of. the mfmcaqc connected at the R
Ouﬁﬂtt the. mfmtranspert is normal - . B
OR ATF the condition of the mfmcale conneo,od at
‘the qutput of the mfmtransport is -'-_:;_J:t,v'
*~no_sen3ory data '_'- L BT "f
___THEN refleotzon(the £ low_ funotion oonnectod at
_”the output of the'mfmtransport, output,
_ _:,leakage}) is’ faulty}) B _
mHEN 1nform the. operator for the next 2 seoonds that“'
' transport Ethe name of the mfmtraneport] has high flow

_ and ‘high. pressure - 1eak"'_” t"l:. f-“*-“f. ;ﬁ'g
' AND invoke slnk rules ' o SR f‘;-ﬁ'i N o
AND couolude that the state ‘of the mfntransport is .\
fault leakage ' _ o o L {.*-'“'
AND start set manager (the state of the mfmtran5port,"[the

' name of the mfmtransport]“.“ﬂ

Ir the cond1t1on oﬁ any mfmtransport 1a
“low_ flow_high_pressure ;;- S _ _
ANﬁ {IF there exlsts a mfmcalc oonnetted at the output of the

Y o
mEmtransporb R



outpuL af the mfmtransport 15 lcw ”pressure

}>; ﬂ .f1,' S OR the CQPdltlDﬂ ‘of the mfmcalc donnected at the f'

f'“ butmut of the mfmtransport is ﬁ}“fﬁ-ﬂ"f__ .

_ i '5 anu flaw lcmLeressure 3=“;e: 'é”fJ-f'f'f@'“.f'ﬁ

_ﬁx"?y?ﬂ;fﬁ OR the condltlun of the mfmcalc connected at tha
T ouﬁbut BE the mfmtranspart ia 1ow ﬁlow

QR (IF the ‘condition’ of the ‘mffalc cannected at f.f;f';3

the @utput of tha mkutranapart is

no sansory;ﬂata --T-*-- T

| B T T “ THEN reflectlon{the flow functidn uonnecned at

.  f” o _' i o the oubput X% the mfmtransport, cutput,

LR e biackage)) 8 faulty]) R _

e 3:fTHEN 1nform -the aperator foxr the_nexu 2 that “transport K

E [the name of ‘the' mfmtranspcrt] has Gow_, flow ‘and hmgh .

- S pressure - blocked" S _;:ﬁﬁzug_-_;fy_;

iHT_AND invéke sink rules N ]Q"T  ._ ::.’ : R
o AND conclude that the state of the mfmtranspert ;s

O f.ault_h;ockage L U

; : _;;r:.f"&n@ start setgmagaﬁér (the state Qf tha mfmtransport,“tthe

' ‘name- of tha mfmtranspoxt]“ way

IS

- = =l

ty.

RETER
i€

oo e e hoow

g




GJIP
AND (IF thare exlsts a. mfmtraﬁaport connected at thﬁ 1nput of

C o

oa

0
b

_ - ules us;d to detarmine when a mfm Storage functlon has a
“.ffault and- the typa of fault._ ' I : o

\

the conﬁition oﬁhany mfmstorage ms low 1eve1

_ the mfmstmragé ' ; o . . . _
' THEN (the ccnditlon of the mfmtransport uonnected at
the input of the mfmstorage is h1 hwflow
GR the condltién of the mfmtransport Hhﬁnfcted aL thg

1npuﬁ of the mimstoragﬂ ia hlghﬂflowqhaghhpressure “1

a,;j oR the cond;tzon of: the mfmtnansport connected at the .

1P

AND (IF there exmsts a mfmtransport connected at the 1nput of

‘o

input of the mfmsterage ig hlgh_flcw 1ow_prassure

OR {IF the CQndltlQn of the’ mimnransport connected at’

the input of the’ ﬁfmstorage 4s mo senSorymdata

THEN reflecqﬂon{the £1ow_ functlon connecbed at the

'\“.

input of the mfmstorage, 1nput, 1éakage}) 15_
faulty)) N ;

'-i'THEN 1nform the operator for the next 2- seconds that":' N
| storage [the name of the mfmstcrage] has low 1eval -

Lo

leak W :
AND’ anle tranSport rules

_AND conclude that the state of the-mfmstorage 1s?.-' '

fault leakage

[ AND start setdmanaqer (the écate of the mfmstOrage wa,

'7\"fthe ‘name of the mfmstorag )") - LI

Cw

the conditxcn oE the mfmstoraga is low leyel

) the mfmstorage - : L
= THEN (the condlglon ‘of the mfmtransport ccnnected at ’

: ) 109;._



et

Lo 3

!
”
i

BT -.*-

the input;ef hhe mfmstorage is hlgh_preeeure_;
OR theﬂcondltlon ef the input of the~mfmstoge§/ is
low flew hlgh_pressure '

QR {IF the cqndltior of. the mfmtransport connected at

Core

Ee the 1nput of - the mfmsterageals THoO_ senscry data' _,_e
-iTHEN reﬁlectlon(tne £low_ funetldn connected ar the '

input of the; mfmstorage,'lnput, blockagg)) 13
faulty}} L _:______._ P

&

 :THEN 1nferm the Qperator fcr the next 2 secends that

"storaqe [the name ef the mfmstorage } has ;ew level —fff; 

. .:T; bloeked S e
R 5'3ND irvoke transport rules"e'] . - ;
"f  AND cenclude that the state of the mfmsterage ig
' :ﬂ-_ “fault, blockage 1:;__§" . e L _ . o
-AND start set_manager {the state ef the, mﬁmstorage ""? ;_
N -“[the name ef the mﬁmstorage}" . .

@

U . ) . : N .. -

IF the &qndmtlbn cf any mfmstorage is high_level
AND (IF there exists a mfmtransport connected at the output
-\of the mfmstorage --_ s B : : S
THEN@{the condltlon of the mfmstorage connected at the
_ dutput of the mfmstorage 15 low_flow. '

oukput of the mfpstorage 1s low_pressure

'ﬁf. ' output of the ‘mEmstorage id ‘low_flow 1ow;preesuree

OR (IF the conditien of he mfmtransport éonnected at;f
bhe output of : the mfmstorage is no sensory;data..'

THEN reflection(the flcw functicn . cenneeted at. the
 output of the mfmetorage, output bleckage))

N | | 'faultyn _ | SR
B THEN 3nform the operator for the next 2 seconds thaL“
' “dtorage [the name of the mfmstorage] has hlgh level -

_ blecked“' ' o -
AND 1nvoke transport rulee_f' |
AND conclude ﬁhat the etate of the mfmstorage 15

2110 '

© OR thé condition of the mEmtrangport connected at the:~

OR the nendltlen of the mfmtransPert eennected at the:'

et



’{szf the cutput of the mfmstcrage i 1cw_pressure

7 -AND start set manager (tﬁé state cf the mﬁmstcrage ,“Ithe

S R Ce
o Fault hlcdkage el T e
AND start set_manager (the sLate cf the,mfmstorage LE¥ ] :
| “[the”name cf the mfmstcraQEI"J R ;g:j_"g*'?fﬁgfqifﬁ{nk

a

] : R X . L

IF the condltlon of any mfmstcrage\ls hlghﬂpressure

AND &IF there ‘exigts a mfmtranspor& cnnected at. the ouLput |
cf Ehe mfmstcrage -_;ﬂsa e AT

THEN {the condition of the mfmtrqnspg . connected at ;;ﬂ;[]:ng"

-GOR the ccndltlcn cf the mfmtransport ccrnected at the
output cf the mfmstcrage ls lcw flcw 1cw_pressure
OR the condlblcn cf‘the mﬁmtranspcrt connected at. the
' cutput ‘Df. the’ mfmstOrage 15 low flcw __,;_*
0R (I: the ccndiélcn cf the mfmtranSpcrt connected at
the ‘output of the mfmstcrage is no Sensory_data .
THEN reflectaontthe flc functicn ccnnected at the
output of the mfmstcra@e, cutput, blcckagei} is
faﬂltY}) L . Yoo . :
7THEN infarm the. operatOr for the next 2. seconds that"":'ﬁ?-
s atorage [the name- cf Lhe mﬁmstcrage] has high preasure"n'
AND invoke transport rules : ' S
' AND 1nvcke scurce rules L o
AND . conelude that the state cf tha mfmstcragc 19
faultmblockage" ' ' e S

name cf the mfmstcrage]u wn j

IF the ccndlticn of any mfmstorage is. 10w_pressure

'"-AND {IF thare exiats a mfmtranspcrt connected at the 1nput cf

o the mfmstorage e : .
THEN (the aondltlon of the mfmtranspcrt connected at '
the input cf the mfmstcrage 18_ :' o '
_ hlgh flow 1cw;pressure : N .
OR the ccndltlon of the mfmtransport connected gt the
'_1nput cf the mfmstorage is hlgh_flcw;hlgh_pressure



S U eak v

OR,the conditnoﬁ’of the mfmtranspert cennected at the _";3“'""'

__' lnput of ‘the. mfmstorage is hi gh_flow R
OR (IF the conditien of the- mfmtransport connected at
the input of the mfmstorage is. no sensofy_data .e'

THEN reflectlon(the flow*functlen connected at the S

1nput of . the mfmatorage, 1nput,_1eakagei) is
L faultY)} R AN : e
: THEN 1nform the Qperatcr for the next 2 §§gonds that_“ fi

I S

“l.storage [the'name of the mfmetorage] has low~preseure'—:*-¥71f"'”

- AND lnvoke tr&nsport rules -5?';=-]' o
AND conclude that the atate of the mfmsterage i@f
fault 1eakage ' '

. AND start set_manager tthe etate of the mfmstorage,“[the o

';_name ef tne mfmsLorage]" uny o ﬁ;j__=-';3-; \

IF the condition of any mfmﬁtorage 15 low;pressure

AND (IF there exlsta a mfmtranSport cennected at the 1nput of:"

the mfmstoﬁage L
THEN {the condition ef the: mfmtranspert connected at
the inpit Jf the mfmstorage is high_pressure
- OR the conditlon of the mfmtransp@rt conne %ed et the
' input ef the mfmstorage ie low flow h hhpressure
OR (IF the condxtlen of the mfmtransport eennected et

32§ ._¥~ " the 1nput of the mﬁmstorage is no sensory_deta

THEN reflectiontthe Elow_ funetmon connected at the_z'

Cinput ef the mfmstorage, &nput, blockage}) is

faulty)} T o S “f”*_%ﬁ

THEN 1nferm the operator for the- next 2 seconds . tha-w;

' "storage {the name of the mfmstorage] has low pressure
o -blocked ".;J R = . SRR - T o
AND invoke transpert rulee . ST o
- AND' conclude that the state ef the mfmstorage 15

'_ﬁi" ' fault,blockage - S : o _
AND start set. manager (the state of the mfmeterage,“"fj-”

"[the name Qf the mfmstarage]" d::j __'_n:,_

113 -

i

=
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P . ot

IF the condltlon Of any mﬁmstorage 15 1ow level 1owLpressure
AND {IF there Pxféts a. mfmtransport connect%d at an xnp of
: ~-f:'he mfmstor&ge e Eﬁ\
ﬁ_' (Ehe- cnnditlon of the mfmtransport connected aﬁ,
) ;:bhe lnput of the mfmstorage 1313=:£? - :

highhflow_hlqhhpréssur& “ o

'OR the condltzon of the mfmtransport connected at the*;.jf

"“'*1nput o§ the mfmstorage ig hzgn"flow

":_{GR the cmnditlon ‘of the mfmtransgort connected at the;;;¥j;;;h
input of . the mfmstorage is. hlgh flaﬁ‘law;pressureﬁ L1.,ve;

VJ_OR the condmtlon of the mfmtransport éonnectpd at the:nV"

1nput of the mfmstor&be is normal

'ﬁﬁoR tIF the. cmndltlen ‘of ‘the. mfmtransport ¢onnected atiﬁs'"

tha input of the mfmstorage 13 no sensory data .

THEN reflectlon(tha flow_functlon moanCGed at the_f

1nput of the mfmstorage, input, leakage}} is
ﬁaulty)} | '_._ﬁ'- '-'-,. o
THEN lnfOrm the aperator for the. next 2 secauds that
 "storage [the normal Qf the mfmstorage] has low 1eve1

' and- low pressure ~1eak." L -;s?_ﬁ-;"f

AND 1HF'{é transport rules & & . N ””_" o
AND conclude that the- state of the mfmstorage 19 '
faﬁlt 1eakage - ; . S

AND gtart: set_manager {the state of the mfmstorage ;n#;jh”?

_"[tha name’ of the mﬁmstorage}“) S e .

PR

IF the condmtlon of any mfmstorage is- 1ow 1evel_low_pressure B
'_;AND (IF there exlsta a mfmtransport cennected at an 1nput af

the.mfmstmrage

._¢f‘*ﬁh‘.

THEN (the conditlon of the mfmtransport connected at | '

"the input of the mfmstorage is h;ghhpressure

OR the aonditlon of the mfmtransport ﬁonnected at thet;%?

input of the mfmsrorage is low. flow hlgh_pressuréh
OR (IF the condition of the mtmtransport connected at
the input of tha mfmstorage 13 nomﬁensory datq

e

e




R lnw preaaure_- blocked_“}ff::;:-
:;;3ND 1nvoke tra§sporﬂ Yules- o S
IV.ANE cogﬂlude that the stata Oﬁ the mfmstorage 1s
L _%i. ' faultgflockaga 'f;: P DE e By .

b ' '3-AND star sethmanager (thaustata of the mfmstorage,!ﬁ{j
o DS - “[t:he namé of thp mfmstarag{ FR R IS

'\-._ -

IF rhe conditlon of any mfmstak Je iss ﬂ'_j’%;f "ﬁ ff; fT- tjﬂ";'},
3 ‘;-«hlghmlevel_hlgh_pgessure B N ”-;“3’I-Z"“ﬁlfl';;fa‘ R
AND (IF there BXlBtS a mfmtransport connected at the output
R . eE. the mfmstorage: P - ~h ]
S g',pff:“ THEN (the condition of the mfmtransport connected at R
§; ' Vf.'.?fffgf' the out@ut of the mfmstorage is  ’:' ST
' o law flow_low_pressur - ;j_uur '  _“‘ -:"¢45 ;4 $q Jq
OR the condition of the: ~Tansport comnected at the’ '
T output of' he mfmstorage is- low-flow 'xq=:.*.. H*;']:€= i:
fi L fg__ OR (IF the conditlon of the mfmtransmort connactgd at  f;;[1ff
A the outpuﬁ of ‘the mfmstor&ge is o, sensory;data R
THEﬁ raﬁléctlon(the flow“functlon1ponnectea at the
. \ output of the m#mstqrage, output, 1eakage]) is  ,' 
THEN_znform*the operator for. the.next 2 seconds—that “
(  M&torage. [the name of the%mfmstoraga] has hmgh level
| ﬂﬁand high pressure -leak T - |
| AND invoke transport rules -~ .
AND condlude that the state of tha'ﬁmmstarage 1s 39',]
fault leakage R B . w* : ""'T"“
AND ﬂtart set;manager (the state of. the mfmstarage,"[th97‘
-~ name. of the: mfmstorage]“ "y T




oI

THﬁN inform the operath for the next 2 seconds that" .';;;:;3~

: '4.‘..'

" Of the mfmstarage'““"

THEN”(the condxtloq of the mfmtranspart connected at
fjﬂfthé'output df the mimstorage is- low;pressure -
OR tha bondltlon of the mﬁmtganspart connecteQ)at bha
R Dutput of the mfmstﬁrage is- 1o'$flow law,pressure S

'*=: OR (iF the: conditlon of the mfmgranspart connected a&:g;fﬁ

IF the condmtlon of any mfmstgrage 15
_ f ;; hlgh_level n;ghhpressure S _ S
AND (IF there exists a mfmtranaport connected at Ehe cutput

the output Gf the ﬁfmstarage ia no aensory“data

THEN refleztiontthe flow functlon connected at the ERS
. output of the mfmstarage, Outﬁut, leakage)} is PR

faultyﬁ)

storaga [the name of the mﬁmatcrage] has high 1evel and iﬂi'
hmgh?presaure hblodked "-1{5_1 -
ANB invoke. tranqurt rules o

@ .
e

1,:AND conclude that the state of the mfmatorage ga
- _' fault_blockage EEEEEE SR
: AND start setﬁmanager (the Stata of the mfmstoradé,“ﬁthe
name of the mfmstmraqe]“-"")

]

T

7




| e.;.__é.- ) c'a:.-’c'izlgt:}.oﬁ 'Ru_j.g_g_ R

: Rules used to determ;ne when a mfm.calqplation functlon hae a'-~'

~fffau1t and the type oﬁ ﬁault

. H

RIS _qr:._;. K Ll I

i'IF the conditlon of any mfmcalc lS 1ow flow

AND (IF there eX1ste a mfmtraneport oonneoted at the 1nput of o

the mfmca1c13-‘-" _ ..; -_ Do S e
SO THEN (the condition of. the mﬁmtranoport connected at
'f?‘.;= the 1nput of the n&rmalc is hlghmleW'
OR the condltion cf Lhe mfmtransoort connected at the
input of the mfmcalc ig high_ﬁlowwh;gh_preeeure

OR the eond_tlon of the mfmtranepbrt‘cohnected at the _t3*5

input of the mfmcalc is hlgh_flow low_pressure
OR {IF" the condition of” the mﬁmtraneport connected at
- the input of the mfmcalc is no eensory_data S

-THEN reflectmon{the flow functlon connected aL the - _7

input of the mfmcalo, :anutir leakage)) lS
fauity}) . : Lo _ :

e'THEN 1nform the ooerator for the next 2 Seconds that"

 “aND invoke transport'rulee _ o
-c AND conclude that the state cf the mfmcalc ms
.:”. fault 1eekage ' L N ' ; _ .
_ AND start set manager {the state of the mfmcalc,“" ”“{the'
, name of the mfmcalc]“) ' ' - B

etorage [the riame of the mfmcalc] has 1ow flow - leak e

IF the condition of the mf%calc is low flow

AND (IF there existe a mfmtransport connected at the input of

‘the mfmcalc-"“ _ oy
THEN (the conditlon of the mfmtraneport connected at
_ the input’ of the mfmcalc is hlgh_preesure ' _'
OR the condltlon of the 1nput of the mfmcalc 13 e

. ,_gi'r"' ..



EHEN 1nform the operator for the next 2 seconds that _
‘“storage [the name. of the mEmcalc ] has low £low =

Toen TR ek s = e e e

1ow flowﬁhighhpressure

OR (IF the condition of the mfmtranSport connected_ét;;

the input of the mﬁmcalc 13 no sensory data

. THEN' reflectlon(the flow_ functlon connected at*thé'tets.f-

input of the mfmcalo, 1nput, blockage)) ?grqf

......

- faulty))

blooked “-Teh-- ) _fﬁ_d__.EJQZ L ,1£§;“..“=
BND invoke transport rales, . L ﬁJJ'
AND conclude ‘that the state of the mfmoalc 1s

T

fault_blookage ;j}{f_ : -,,._-_;' o L
AND start set. manager {the state of the mfmcalc,"" o [the

B name of the mfmcalc]“) "fff~1f '_q;:~'=

I

caIF the condltion of any mfmcalo is’ hlgn_flow_jf,
AND (IF there éxists a mfmtranSport connected at the output'

" of the mfmcale. - ¢ _

'THEN {the CQndltan of the mfmCalc connected at the ;
e output of the mimcalc. 15 Jlow. flow '

- OR the COHdltlon of the mfmtransport connected at ‘the
| output of the mfmcalc ig' low;pressure

'..T_DR the condltlon of thehhfmtransport connected at the

. ”'output of the nﬁﬂwalc i1d low. flqwﬁlow_pressure ﬁ“
c*QR (IF the ﬂondltlon BEF the mﬁmtransport connected at
" the output of the mfmeale is no. _sensory._data

THEN reflection{the flow function connected at the
' output of the’mfmcalc, output blockage)} is

_ faulty}} S, _ o o
THEN 1nform the operator for the next 2 seconds that"

storage [the name of the mfmoalc] hasg hlgh flow T

blocked" o

AND invoke transport rules : R

- AND conclude that the state of the mfmoalc is L
fault_blookage o '

AND start- set. manager (the state of the mfmcolc,"ﬁ ~F[Ehefj

=)



-THEN inform the operator for thehnext 2 seconds that""

'c_mAND start setﬂmanager {the state of the mfmcalc ;“[the

T

IF the ccnaxtlon of any mfmcalc is highhpressurc | _”7.'5” G
AND (IF therc exists & mfmtransport connected at the Output
cf the mfmcalc 45_:- S .{r'- Lo
THEN (the ccndltlcn of thc mfmtranspcrt connected at
' the output of the mfmcalc is 1om“pressure _ _.”
OR the conditlcn cf thE‘mfmtransport connected at the
cutput cf the mfmcalc is 1cw flow lcw;prassure .
= DR che condltmon cf the mfmtransgort ccnnectcd atlthn
S output oc the mmmca%c is 10W‘floW’ _" : ”“
L; OR (IF thc Conditlon of the mfmtranspcrt coﬂnected at
' hf thc cutput of the mfmcalc is no._ senscry;ﬁata |

THEN reflectlcn(the flow functmcn connected at the
output of the mfmcalc, q=:gut, leakage)} ig”
faulty}} . o : - -ﬂ“;

 -fQ_storagc [the name cf thc mfmcalc] haﬁ h;gh prcssure";

- AND. lnvoke transpcrt rules | ‘ e

" AND invoke ‘source rules ' T-: .ag:f“ S f.-rfilc_ao

_AND concludc that the state of the mfmcalc 15 IR
fault. leakage LT : ;4_: R

name of thé mfmcalc]“_““} i'”';ﬁ ?V:; "f".f:" o :?f
| o E Moo E;_c_ﬁ____ o
IF the condztlcn of any. mfmcalc :s 1ow,presaure

..t.

: AND {TF- there exlsts a: mfmtransport connectcd at tha 1nput cf

the mfmcalc B e
THEN {the ccndltlon of the mfmtransport connected at

the input of the mﬁmcalc ig hlgh £low.. ;gngressurcjaif'

o OR thc condltlan ot the mfmtranspcrt ccnnected at’ the E

1nput of the: mfmcalc is hlgh flow_h;ghhpregsure ;;eg_f
OR the condition of the mimtransport connected at the . ¥

'“:1nput of the mfmcalc is hzghqflow




T TR PR e b v e s e

R e R T L I L L R L

ﬂ_u- p_jthe 1nput of the mﬁmcalc is no sensory data : o
“':”,yTHEN reflection{the flow functlon connected at mhe'“vaa%* f
~ input of the mfmoalc, input; leakage)} is o o

__fAND 1nvoke transport rUIeS | : S : e
fﬂ'AND conclude that the state of the mfmcalc 13 ;'fﬁ~¢§?f“'J'””

OR {IF the condltlon ef the mfmtranepert connected at
0

: fauluy)i e e Tl

EHEN 1nform the operator for the next 2 seconds that feei7 _
storage [the name of the mfmoalo] has low pressure —;g.m“"”
Ieak sl : : i : AT

o

fault leakage

e;AND start set_manager (the state of the mfmcalc.?[tha name:i_f'

oo

o of the mfmcalc}ﬂ'ﬂﬂl B I

,'IF the condltlon of any mfmcalc ie ;ow_pressure .
_AND‘(IF there exists a mfmtransport connected at the 1nput of

the mfmcalc ‘b.

' THEN eohe condltlon of the mfmtranspoxt connebted at

the 1nput of the mecalc is hlgh_pressure _
OR the condltion of the nﬁnmranaport connected at, the

1nput of the mEmealo is. 1ow flow_h;gh_pressure f_jﬁ;'

oR (IF the condltlon of the mfmtransport conneoted at

- the output of the~mfmcalc is no. seneory_data f .

THEN reflectlon(the rlow_function connected at the o

. output of the mfmcale, output, blockage}} is '

_ faulty)} ' L L :

THEN ipform the operator for the next 2 aeconde that

"atorage [the name of the mfmcalel haa low. pressure -
\

hlocked “.l S .._;--. A Rt - ] '%.l'

AND 1nvoke transport rules : o
AND eonclude that the state of the mfmcale is j
fault blockage :

'-ﬁﬁ“ start setﬂmanager {the state of. the nfmcalc,""' “[the

name of the mfmcalc]") o =5;' T f&e.3..

- ‘\ o 2
T \:\:\\\'J

Al o . : L
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1F the Condlticn ef any mﬁmcalc is low, €low_ 1ow_preesure "jﬁ,ﬁ':‘”
Aﬂgj&“g there EXlSCS a mfmtransportjﬁ'nnected at an'znput of -
o ﬁghe mfmcale 1-*'¢'sa9ﬂL'VH’ \¢_~£.~Aasg.--u-g~ :

THEN (the cenditibn of the mﬁmtransnort cnnnected at_f_
the inpnt of the mfmnalc ie high flaw‘highhpressure

_ . _ e S T T ;T”
OR the;gond;tzon ef the mfmtr;neport cennected at the _ S
1aput»of the mfmcalc is hlgh_flow ",':-- ,- = ;wf;i 3}?5j:
5 OR the eondltion of the mfmtraneport donnected at the? Co
R enput oﬁ Ehe mfmcale is high“flow low_pressure '
Oﬁ.rhe congltl o Qf the nmnmransporthconnected at the;
1nputﬁof e mfmcalc is mormal . e
OR (IF the conditi&n of the mfmtransport connected at’
'”f thE”lﬂput of tha mfmcalc is no. éénSOmy data.,;fﬂ-qé t;!? 
'I'HEN :’efl&ezmn{the £lbw. funct:l.on ‘connected 2t the =
' 1nput of rhe mfmcalc,_lnput, leakage}) is ln-;j_"'
faulty)) e T
THEN_lnferm the eperatof'for the next 2 seeonds that _
f_;"storage [thé'novmal of - the mfmcale} has low flow and e
1ow pressure’ -leak " S ;._--.&¢Jm' _'.".f e' 'e _
AND invoke. transpor& rules "‘;.-;' - ”.“fi:?ﬁufii:;f___.:;* ﬂ:
" AND conclude that. the' sta:“;e of t.he mfmcalc :Ls RS g B -
. :Fault leakage A TS e it
AND start set_manager (the<ﬁfate of the mfmcalc L4, the
name of the mfmcalc]“} ' e e

RET LU :

QIF the conaitlon of any mfmcalc is low flew 1ow;pressure';"_n,ﬁﬂ;_ﬁﬂg
'AND (EF ‘there exists a mfmtrdnsport connected at- an 1nput oﬁ R
. the mfmcalc S e e . . )
THEN (the condltion of the mﬂmtransport connected at
_ the: input af the mfmcalc is hmghwpreasure .
OR the conditlon of the n&nmrdnSport cennected at the
. input of the mfmcalc is low flow;high_preaﬁure o
OR (IF the cond;taon of the. mfmtransport confiddted at T
‘the 1nput of the mficale is no, sensory_data s :”3_ e
THFN reflectlnn(the flow functlon connected at the '

E‘\'f:J 7;.Q]'" J? P o - Jni;ﬁ7§'ﬂﬂ.kffl'

o
L,
-



input of th: m.fmcalcr input, blockage)) lS
_ faulty)} R '*
TPEN inform the operator for theQnext 2 sedbnds that o
' 'stcrage [hhe name of: thecmfmcalcj has 1ow flow and lcw_ff;@;fc
_T. pressure = ‘blocked. “;AF-M L TR ERT RN
AND 1nVOkEthanprrt rules

AND conclude that the state of the mfmcalc 1s
' fault blockage ':_ T : .-__ . _'”__ :
&ND start set,managerf{the etatevof the mfmcalc "";Lf
f_ name of the mfmcalc]") | R SRR

fIF tge ccndltlon cf any mfmcalc is ,
. hlgh_flqw;highhpreseure -u_'. ~*I35 L C
V’AND (IF there EXlBtB e‘mfmtfeneport connected at the output_f
T et the mﬁmcalc R AT ;e_

: THEN (the condltlon of the mfmtranspcrt connected at
' the output of the. mfmcalc is: low,flow low_preasure R

_ GR the ccndition of the mfmtraneport connected at the "“ )
- .?°=ﬂ output of the mfmcalc is low_£low . ;;'=;._AJ“JL;

o OR (IF the. ccndzticn oF the'mfmtransport connected at e

' “the sutput of the mfmcaLc is no. sensory;data ;ff
THEN reflecticn{the flcw functmon connectéd. at the
P cutput of the mfmcalc, output, leakage)i is
oL faulty))’ . SRR U
THEN 1nform,thé{cperatcr fcr the next 2 seconde that )
= stcrage {the ﬂame of the mfmcalc] has high flcw and
hlgh pressure -ileak . “'”Ljﬁ N S
AND invoke tramsport rules R L
AND ccnclude that the stete of the mfmcalc is
fault leakage o . _ . f'd R
AND start eet_manager {the state cf the mfmcalc,"[the name
' cf the mfmcalc]" "") ' ' ' o

)
5

IR the ccndltlon ef any mfmcalc is
| Q_ low flow. high“preseure 3 {3'

Ty




AND (IF thera EXIStS a- mfmtransport Cnnnacted at the output5"fﬂ
_ : f« O£ the mfmcalc . _ , _ _z.-;--~ .: 'f-: ' _
”'fj”THEﬂ Lthe ﬁond1t1on of the mﬁmtransport connecued at B
_   the output of the mfmcalc is low_pressure  ' -
:f;GR the CQndltlan af the-mfmtransport connected at the :
R output of the mfmcalc is 1ow flow low;pressure ~;:;fjff ff
'r_; OR {XF the cond:t;op of the mfmtransport connectea at o
0 Cte outplt’ of the mfmcale is no_sensory. data. : R
-gTHEN;raflaptlon(the £low_ functlon connected at the ; 
- output af the mfmﬂalc, output blockage)) 15 fﬁ-;“
; | THEN 1$fotnzthe operator for the next 2 seconds that“f'  :_..u L
_,Q'stoiage I[the name of the mfmcalc] has high flow and S
~ high pressure sblogked * L iao e SCEE R
AND 1nvoke transpbrt rules '7*-“” “ ”"'f L ﬁ’”'“"' S
AND concluﬂa:that the stata of the mfmcalc 1s
. fault blockage RO R L .
AND start satﬂmanager (the state of the\mfmcalc,“[thé name ;f
of t‘ne mfmcb.lc] u ----) | S e e

Lo USSR e T T T e e T T o

s —

i
e




__G;S-Siﬂkbnulesj?:ﬁ_t-
e;RUleS used tc determlne=when & mfm smnk functlon has a fault
_and the type gf fault. - B
: m..m |

.’:}.

S

'?qh.-ﬁycf”.'

'f:IF the ccndltlcn of any'mfmsink is low flow

-“QAND (ithe conﬁitlcn cf the'mfmtranspcrt connected tc the.f T

) nﬁmsznk 1s hlgh"flcw : .
OR the Ccndltlcn cf the’ mfmtransport connected tc the
mfmsink is hmghmflow high_preseure '
OR the conditicn of the mfmmraﬁspcrt connected to the
mfmsink 15 hlgh_flow_low_pressure e
OR {IF the. condltlon of the mfmtransport connected to _
the mﬁmsank is no sensory_data fr- \;H .__-' - {,ti,e
~ THE& reflectlcn{the flow functlon ccﬁnected to. theh i
S mfmcalc, input, 1eakage}j is faulty)) - L o
THEN 1nform tge operator for the next 2 seconds that “s;nh 5;_T”
| [the name .of the name of the mfmsink} has low flow - ( '1

W

AND invoke transport rules g o N _

AND ccnclude that the state of the mfms;nk is fault ~1 k

AND etart setdmanager (the state of the mﬁmsmnx """[the
name of the mfms;nk]“) ' i ' '

Bl

uIF bhe ccndlticn cf any mfmsink ig low flcw o
AND ( {the condition of the mfmtransport cornected to the o
| S mﬁﬁ51nk is low. £low. hlghhpreseure _ DR

| OR the condition cf the mfmtransport connected to the )
 mfmsink is hlgh_pfessure ' S B _
OR (IF the cond;tlcn of the mfmtransycrt connected to

™

L -the’ mfmalnk 15 no sensory data. i_; "., ~_ ”_.-,_:u_ﬁg

THEN reflectlcn(the flcw-functlon connected to the-:f
- - mfmcalcs Anput, blcckage)} is faulty))
THEN inform the opexator for the next 2 seconds that Sink

..@_23 |

._f.-'. T



. [the name o:E the mfmsz.nk] has low flow - blocked"
AND 1nvoke transport rules :

| AND oanclude ‘that the sbate of the mﬁmslnk ] :f’f'”f-7; PRI

fault_blockage : - R S L .
%%Nb_gtart set_manager {the state of the mfms;nk,"“ “[the
f name ot the mfmsink]“T B EER I VNS SRR

Ir the CQndltan of any mfmsmnk ig hlgh,preSSure

THEN 1nform the operator for the next 2 seconds that “51nk

[the name of the mfmalnk] has hmgh pressure “ blocked“'

AND invoke transport rulas _q' ' S _
AND concluda that’ the state of the mfmsznk 1s
' fault blockage j"v o -,,_‘,\

AND start set,manager {the state of thé mfmsink,“ttha name

"of the mfmsink]“ “[the name of the mfmsinkj )

L

_ }IF the condition of any mfmsink 15 low_preasure _
© AND {(the condlg;on of the mfmtransport connected to the

mfmsmnk 15 hmghhflow low;pressure .
OR the conditlon of the~ﬁwnmransborb connected to the
- mfmeink is hlgh_flow high_pressure ' o
- OR the condltlon of the mfmtransport connected to the

- mEnsink is hlgh flow

_ _ . 'f .- .
OR {IF the condmtlon of the mfmnransport connected to Z--;ﬁ

the mfmsink 15 no senscry;data “__'.1' e

N reflection(the E£low_ functlon connected to. the o

7 m:mcalc,.lnnut, 1eakage)) is faulty)) e
' THEN lnform 1-he operator Eoxr the next 2 qaconds that “Blhk

K [the name of the mfmsmnk] has low pressure - leak H
n:_AND ‘invoke | transport rules: ' ' o

AND . concluge that the stage of" the mfmSka is fault 1eak

_:AND start setﬁmanager (thegﬁtate of the ﬁﬁi:lnk'"“,“[the

name of tha mfmsmnk]“}

.,
-

T S

S R




.

IF the-wkndltion of any mfm51nk is longressuxe : .*~foF;P o
AND ((The conditmon ot tha mﬁmtransport connected to the'jﬁ
mﬁmslnk is low flow;hlghhpreasure'__ T a'fﬂﬁé L
OR.the condlthn of the mfmtranspart connacted to the o
mﬁmslnk ds hlgh_pressure L _ru' _"1 o =
'OR {IF the condition of the- mfmtransport c:onnected ta

the mfm51nk i Mo sanaory;data o ::~ .“. S
. THEN. reflection{the flow functlon conrec*ad"tm the
.?ﬁﬂﬂﬂ“jai“' mfmnalc, 1nput, blackagei)oms faultéu: it
THEN lnfarm the operatar ﬁcr the next 2 seéonds thah “smnk
_ [the name of the mfm31nk] has lDW‘preSSure - blacaed“-"
_ ﬁNn invoke transport rules f_' e e LR
fi AND:canclude that the state ‘of the mFmslnk is ENER.
gaylesblocked o 5

AND staqt set manager (the state of thé mfm51nk wo "[the 5@"’”
name of ‘the :nfmsinki") _— L

'f}“--'f; wfff_n-if e Tf}f“;r“

o

'e.
R TI

: nﬁ.:,__ff:“”-,;‘u;;ﬂ]jf"ﬁv_Vﬁ*}_-_ g . v _ _
IF the cqndltlon of any mfmslnk lS 1ow flow 1aw;preSSure o j&'
AND ({the dondlthn of thé mfmtransport copnec ced to the o
e mfm91nk is high“flow_hlghhp”essure;_;;; R ]
OR ¢hé condition of. the mfmtranspdrtﬂconnected to the S
S mfmsisk is high flow . oS -Q;ﬂ' P
'fa: ' OR tha Conﬂltlﬂﬁ of the mﬁmtransport-connecteﬂ ;'hgwfnfff;_f;}
' Z_QN} Hwnﬁink is high_flow 1ow;pressure Sy 4f _.f e
OR {IF thP condition of the mfmtransport connected to ¥
the mfmaink is ne, bensory data f~_"-s ’
THEN reflectlon(the flow._ functlbn connected to the
__'  u&mcalc,-1nput,:1eakage}) is faulty)) 5 i
THEN inform the openator er the. next 2 seconds that “ank
- [the mname of the nﬁmsmnk] has low flow ‘and leﬂpressd%e 'f
L 'f--leak“.' ' o _ _ R ?a  n e
;fU? AND 1nVle transporu;rules nf.“:.f'ﬁ" Lo 27“?f  féﬁ
-fé_ ANU conclude that the satp of the mfmsmnk is fault me¢k _
. AND start set_manager (the atate Df the mﬁmslnk,““ “Ithe

L name of the mfm31nk1")



R/ ST

TIF the condltlon of any mﬁmslnk 13 1cw flcw_icw_prqsaure
AND ({the CDndlthn cf ‘the mfmtranspcrt ccnnected ;o the

. '\.

OR‘{IF the condltzon of the mﬁmtransport ccnnected to

THEN 1nfcrm nhh cperatcr for'the next 2 seconds that '51ﬁk
ﬁlnkl has low flcw and lcw pressur =

ANb 1nvcke transport rules

j~' mfmslnk 13 lcw flcw_hlgh;prassure
OR the ccndltzcn cf the mfmtranaport connected tc the

mﬁms;nk 16 high_presaﬁre

the mfmslnk 13 Bo. sensery_data
THEN reflection(the ﬁlow functicn connected Vb the

mfmcalc,"

[the name cf the‘m
‘- Jblogkedy 1-«cff;_,q_ T e

AND ccpclude ‘that - the state of the mfm51nk is

fault_blcckage

AND start set;mana@cr {the state of the mfmslnk,“":“ftné R

" name cf the mfmslnk] )

IF the condltlcn of any mfmsink 1s low flcw;hlgh_pressure

THEN 1nfcrm the oparator for the next 2 seconds that "31nk

| [the name. of the mfm91nk] has low. flow and high c“-.-_ g

- . pressure - blccked"-' . D - S _-Qf

AND conclude that the state of the mfm31nk is ;__'jjf;j'
g

o

=‘:"‘—‘_'s~""—'_""‘—-—~=a,~h._

f' . fault_blockage o
AND ‘start’ set_manager (the state cf the mfms;nk,“[theﬁname
“[the name of the m£m31nk] L R I c:_ _

cf bhe mfma;nk]“

.. R L

&

SR
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6,5 *JProcoos:Mgnagement;Rnles,;,e;g;;

L el e s R S

.ﬁnThls appendlx contains the rule& used for prQCQSS ”*g';..oi'ﬁ“nnn
"mnnagements.,_ R o e T |

Y L

w

. . -y . . L E .
= . E . : B L a >

-_nunmn&ommmgnonnsf pifﬂ

. ”'-[IF the uondltion of any flow funotmon 1s tault Flow_ sensor nff jn-$=
J,ANE state of the flow function s not fault flow)sensor - S

' oHEN dopclude that the. state of the flow funotion is

A SN fauie _flow_sensor . e .

' R 'Aﬁnoinform the operator for the nexr B seconds that "[the .

” name of ‘the Eiow functionjhas a faulty flow sensor. s
‘ 5Jcheo% the sensor and once the senSor ig” operational
uxo'agalﬁ then YESet the state of ithe name of the

.;flow functlon] _.*~3. ; ;&

TF the oondirlon of any flow funotlon is faulty_léVel sensor. _
. AND tﬁe state of the flow functlon 15 not faulty_level sensor o37
' THEN oonolude that the state of the flow function 1s 'lf' _5’ ___;n§
faulty level semsor . .. . [{ o -_ FETIR
AND inform the operator for the next 5 seoonds that [tne
nama of the £low. funotion] has a. faulty level sensor.
'“ Cheok the senSQr and onoe the sensor is operatlonal A

127.':_; .:



'-_ ;AND the state 6f the £low. fﬂnctlon is not

N

'fiﬁ#ﬂa{nw then reset the state of [the name of the
e o ummMm]_. | L KRR

'._IF thaﬂcondltion of any ﬁjow functlon is-”:_éL - - “; -”ﬂ::ﬁziﬁ.ﬂ?iu
' faulty_presaure sensor? ' SRS s

faulty;pressure sensor o : : : L
THEN‘MOQClUde that tha state of the flow functloﬂ is

_ faulty;presaure sensor _ P I
AN'I: :Lnforrn the operator for the nexf: 5 seconds t‘.hat:“ N
_ __name of thﬁ fldw-functian] has a faulty pressure -
-fhﬂsensog Check the sensor and once ‘the sensor is

"::operat;.onal agan.n, THEN reset t:he stata of [the name of

il

| Ehe flow function].3_ 1“ R R

'IF the state of any mfmanager is ok R K o o h
AND the na.me of the mfmgoal csonnected to the mfmrnanage.r is
-'}not T-goal v it T
_ THEN conclude that the system of the mfmgoal connectad to k
the mfmmanager = "OK“ ' o o m“' _ _1-f ' iq  _7':$ e

'.'rT-" the BYStE‘Iﬂ Df any mfmgoal{-"oK"

" AND ‘the name of the mfmgoal is not l—goal '1: 1-1 |

- THEN conclude that the system of 1-goa1 the system of
the mfmgoal :

L .--:'.c-_, .

Lok

Y

IF the state of any mfmmanager is not’ ok '.;if' o
'I'H}E:N t.onclude that the system of the mfmgoa.l qonnected tQ
“the mfnmanager = "the ‘goal of t:he system is' r;ot: been: -
meet since, thers is a [the state of the mﬁmmanagarl-:fh
) " between -{the Fault) of the mfmmanager] and [the fuultz
".-__Qf the mfmnanager] "'.-. L

a :
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" Appendim T

e

'fwhen a,fault COndltlon hae been cleared

”-1xaewﬁﬁneg;ﬁuﬁﬁs-¢xmenaﬁ :

_'IF the clear etate counter of any mfmstcrage > clear time '54-
. THEN - conclude that the state ‘of the mfmstcrage ie ok :

=

1“;-“ SIS

'IF the clear state counter cf any mfms;nk > clear t;me

;ﬁRules used to autcmaticalxy reeet ind1V1dual flow functlcns

'Eff:IF the clear state ccunter oﬁ &ny . mﬁqscurce > clear tlme '
o THEN conclude that the euate of. the mfmsource is ok o

;LIF the clear state counter cf any mfmtransport > clear time
i THEN conclude that the state of the mfmtransport 1s ok S

'I'HEN conclude that the st:ate cf the mfmsink ig. ok

Z'IF the state cf the mfm ource is ok _

IF the ét-cte of any- mfmtzsé‘ﬁspnrt is ok:

fAND faultl ;-"[the name ef the mfmsource1“

_THEN conc\}ude that faultl = *nome’

'”IF the state cf any mfmstorage is ok
"AND faultl - "[the name of’the mfmstoragel"

THEN ccncLude that faultl = "none"-*

Ry
«

T
N
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--_IF the stat&e of t}'le mfmscmrce is ok

:IF the state of the m&mstorage is ok

‘I‘HEN c:%nc.' ude that: faultz =' “none" S

*f~.AND f&hltz

T e

'I‘HEN ccnclude that faultl =, “‘mme“'

IF thﬁ stat:a w:}f the mfmsink .‘LS ok
AND faulti-—_"{the name of the mfhsnnk]" SR

THEN c:enclude that faultl = _"none"

ot

| “[the name of& the mfmsource] 0

i

. [the name‘af“ the mfmst:orage] B
mHEN_cqncluQe that";aultz —'"nane"" R

" f IF the state of the mfmt::ansport /:LS ok: i
Rl [the name of the mfmtranSpGrt 1“

!f

ANanaultz*
THEN concluﬁe tﬁat faultz

:!:F the‘ state of the rrfms:.nk 3.s ok o \n T

"_[the name of tbe mfms:.nk] T

- o

AND faultz
'I'HEN conclude that faultzz O "none" _

&

. Cw . T o =
R e e
£

S

e e e
R &1
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- .Appendix J . .

EFRP

fif Fﬁnc?i6ﬁs”ﬁééd[iﬁfthé.knpwleagé{baée;. f-j[Q;i,g?-

Yok

3.1 Function: CON

A

"This function d@termines'tﬁe condition of the individual flow_:”

funcﬂpons. Two functlons are . used one for flow and the other

for level. S S L .

R

Coﬁ fwhb)w%'7ﬂfﬁ-'i-s;;,ff'ﬂj--i'57'=_:[f';Jf”:1 _:.:'lﬁf

(IF Lhe lnw flow of who = the hlghhﬁlow oﬁ who _

AND the low_pressure of whHo the hlghkpressure of who '
THEN the symbol no Sensory data S
ELSE S

R ' extrapalat (who‘) R
GR the Elow of who < (extrapolat (who) ;_héxﬁf . 
- {0.5,0. 5*extrapolat (wha) ). .
_THEN the symbol faulty_flow sensor o
}.ELSE (IF the pressure of who > {max(O 5 0 5*:'T

(IF tha flow of who > (maxto 50 5. % extrapolat{who) +- O



f}f_extrapofthpres {who}J + ‘ fL_'”’:°'}
extrapoiat_pres{who)l G gl RERTR AR
OR the pressure of who < (entrapolat_pres (whp)
. met {3, 5, 0] *extrabolat_prea who)))
THEN the symhol faulty_pressure sensor .
EL&E {IF ‘the flﬁw of who < the low flow of who
THEN’{IF the pressure of whu < the low;pressure of

T;EN the 3Ymh51 low f;ow low;pressurelggyg 2 £
ELSE {IE the pressure of who > the c
THEN the Eymbol low flow_hlgh_presapre ._;,-T“ RS
EQSE the symbol low. flow}; e fﬁ%fﬂ«?f-r
ELSE CI.F t:he flow of who > the h:l-gh,__flow Gf Whp L
THEN (1F the pressure of who < tpe ;ow_pressure

of Who R ’ : ’ ST S }’“

THEN the symbol hlgh flow low_pressure -
ELSE (IF the pressure of wha_> the '_ R
h;gh_pressure éf who 'i;=f"""1 N
N THEN the symbol 1ow flow_hlgh_pressure_" 3ﬂ -”
’ f.  ELSE the aymbol low flow)) . '”5 .':ﬂ”
SE IF5the Elow ‘o 'whc > the. hlgh*flow of- wth '
.1?“¥i  THEN IF the pressure of who ' the |
o 1Zw;pressure of who ; \ : _ o
THEN the symbol high flow 1ﬁw_pressureg ”'e'fjﬁét
| BLSE' (IF the pressuré of who > the = . -
L hmghbgressure of who™ _'-_ ;r_q;'i, _,j_m;;'
IR high flow_hmqh_pressura o _;,“L;:'ﬂuf”_
: ELSE the symbol high flew)) ' o
. _ ELSE IF the pressure of . who < the
. ié';*YV _:;f._=_ low nressure of the_n' _
o b ::3 i: n THEN the symbol 1ow_pressure _ _
s ' ' ” ELSE (IF the pressure of who > the PN
e hlghﬁpressure of whq .
THEN the symbol hlgﬁhpressure
ELSE the symbol normal))))))

[

'ﬂ132.'



1

.'LTHELSE (IF the pressi;

b

{IF the law lavel cf'wﬁb the hlgh_level of whs i
'; AND the low;pressure of wha the hlgh_pressure Qf who
THEN hhe]symbol~nahsensory data’ ) : " :
ELSE - o )
(IF the leve” of Wi,
{wha}} + exttapo 1t ] , S
OR the level qf;who < textrapolat level (who)
L maktﬂ .5, 0 S*QRPrapolat 1evel(whol}} q;~fg
"zf;THEN the symbol faultyhlevei_sensor jf?*“ _:: i;l_
af Who >, (max(G 5 0.; '” S R T
n*:¢ j3fcj extrapolé& fes(who}} 4 extrabmiat_pres{whoirff’
OR the pressturg of"who < (extrapblat_pres tWho)
max(O 5, b 5*extrapclat,pres{who))1 Rt N
- - THEN the symbol faulty;prESSure sensor }':it'f' w:7: QE7f
- T,ff  ELSE {IF the. level of who # the 1ow lével of whafFf_l:'ﬁm_
:'. o THENn(IF th"}pfesaure of who f the low;pressure RN
'3?55}57??7‘4” OE WY e oL o A
' 'k' THEN éﬁe symbol 1OW'level 10w;g*essure é“ﬁf?*zaj? 
ELSE (IFthe pressure of whoe > the'.' e
highhpressure of who '__ e .
THEN the symbol law 1evel_h1gh_pressu&e L
_ ELSE the symbal low level)} L B }_ % ?“7:f
ELSE (TF the 1evel of who > the high_leVE1 of PR
S . who S R -
qﬁf  j_'_ﬁ;_';f'THEN £IF the pressure of who < the L
o ' : low;pressure of who ' TR
S+ mHEN the. symbol high 15ye1 lcw_preasure;'
S ST ELSE (;F the pressureHf wh@ > ﬁhe ;;--“
S ' hlgh_pressure of who '
o THEN the symbol
hlgh 1evel h;gh_preasure S o
'ELSE the symbol hlgh_level)) o f a
'ELSE IF tﬁe pressure cf wha < the o
"I'low_pressure of whe ﬁ;ﬂ' o

PR




. _-.'0

: {\:‘“‘N the symbol 1ow_,pressure
A ELSE (:r.F the pressure of who :> the o - .
'C* high_pressure OwahO e
. 'I‘HEN the: symbol high_pressure :
ELSE: the symbol nomal))])) L

S
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i

_ “This functlon predzqta the nexx nmasurement by extrapoiation._Lf:f”
 fThree funuti@ns are use& for flow, pressure and the other fcr S

extrapolat (WhQ} | ;,\.ﬁ ST “ S
_ the value of the flow Qf whp as of 5 ago
“;— B x rh _
_ + 10* the value of the flow of who as Qf 3 ago o
;:'—-10* the value af ‘the flow of who as of 2 ago
f:¥ 5* the value of the flow of - whp as 1 ago

*value of the: flow of who as of 4 ago ]_7'

.': i j' '_
o extrapolat level twho) o
F he value of the level of who as of 5 ag L _
Lo B “the: value. of the 3 eval of. who as of 4 ago T
;:+ 10* the valua of the leved of wha as. of 3 ago . 4
. 10* the value- of the level oﬁ who as of 2 ago5:f:; ":“ o s
' ; + 5* the value of the 1evel of who as of 1 ago_;}_ - if:'¢ﬁ  o

ex;rapolat,pres {who) PR -f}7,;% E 'Zf;'.‘ ﬁﬁ?“;' e
the- value of the ﬁressure of’ who as of 5 ago 8 -_%ﬁ;:_%”* '
e S*the value of the pressure of who as of 4 ago ,cl_ 2

.+ 10* the value of the presgure of who as.of 3 ags . . |

'_ — . 10% the value of the pressure of who as.of 2 ago'"
4 5* ;he value of the prpssure of who as of 1 ago '

.Q.

s e W




e e e R L
'*_This functlon reflecus the condztion of nelghbouring fldw
ffunctlans.,_j?' L '

- rér:t-acﬁi_an mﬁa ;airection, type) =, .
¢ (IF the who is a comnebitienm -, oo
o (IF typa _bigégégéf,ﬂ_v“'  R
'f,i THENn LT "ﬂﬁﬁ-*f e T
B (IF dmrectian Qutput

H

' 15f'“l= V ' 7 ' léw flow law_pressure o . |
e '1f_ ;7?0R the. aut condition of who is 1ow flqw L
B " OR the out condltion of « who 1s low;pressure
 OR the but _condition of who is. nermal
COR tha out_condition of who 153_'E; '
_' _ low level WOW;pressure : e
,"_OR the out,, condltion nf whc lS 1oy+le§él.-f
o : _ the symbol fau‘ty T
IR ELSE L e e
- -u  tﬁé Symbol noﬁmalr-'
: ELSE S e
(IF the 1n_pond1tlon of whoums
' low flow;highupressure _ : _
" OR the in“gonditlon of who is high_preasure\
o o _'OR the in_condition of Who 1s ' - 3f¢;nj
P haghwlevel“hlgn_prassure' - “'.,_ z
R " OR. the’ 1n condltmon of who ig high_level t
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