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Abstract: The extended finite state machine (EFSM) is a formal description language of model constrution. According to
the chemical process characteristics, EFSM models and data dependencies are improved, and the chemical process EFSM
model is constructed including variables, states, transitions, conditions and actions between variables. The method of static
and dynamic variables transitions and fault propagation path analysis is proposed. The simulation CSTR experimental results

of the typical chemical process show the effectiveness and feasibility of the EFSM model description and analysis methods.

New ideas and methods are provided for the fault propagation analysis in the industrial process.
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445 ¢ & 1eTDD 1 3 AN LA F AT 7% i) £ 46 0¢ 3=
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SR IR W vt A= UMD CIIIE & Kl EAE L (L STt
AT WO RREAL 47 43T . 5 A 36 0 R R L £ 476 0 A 1) A
AR 2 BioR.

| ASTOofEFSM |

IaTDD

1

|

I

| 'yl [TaTDDV-New !
[aTDD-New || |
I

]

1

]

1

1

I

Slicing
Criterion

| 1eTDD |
|

| Data Dependence Path |

Fault Propagation Analysis
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AN TR B Bl b B A R, DASE O FE it 5 HY 2 T
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(1 ] — > 2% P AN [ 5000 0 155 L. R 0 0 s Ak
G ZR IR I I FE AR AT 52, 0P 2 AR 0 TR,
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IV %% 2 48 (CSTR) Ay Tk N F 245, #4) 5 EFSM A5 7Y,
W B AR OC R, SEIAE AL T R AN IR R A o B
Hh AR S [R] P R A 4R 2 B

CSTR R &t an 181 3 i, BA—ME IR N 4 161 53k
TTO0MT: B8, 4 Lo I W ALEE, La INABAHIEZE, L
Ve INZ BN, 76 N %8 Ly P N AR5, i 72595
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4.1 CSTR R%iH EFSM £ 2

TR Tl R 2R B 0 i, AR — bk
BN B B AR SR AE RURE, KT ARRAS S s R Al ik «
I QB AE R L s 2 B ALl L I THEL v AR
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2 EFSM A5 %, CSTR R %5 (1) EFSM A58 84 1 450 %
RUTF:

EFSM CSTR = (S, T, Shegin, Send);

S = {Sla5275375475575675775& 597510};

T ={T,T2,T3,T4,T5, Ts, Tr, T3, Ty, T10,

T, Tio, T13, Tha, Ths, Tie, Thr )

T; = (Ssre, Stgt, event, condition, action);

Sbegin = S1;

Send = S10-

£

T = (Ssre = {S1}; Stet = {S2};
event = {initial — Lo — Ly() };
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condition = {};

action = {Ly = 0.64 m;

Ls=1m; Ly = 0m;

Vi~ Vy, 55,56, = “oft”;

Fy ~ Fy, FSg, P, Timer, =120°C;

Timey, —«on» = 0,71 = 0°C}).
T = (Ssrc = {52}; Stgt = {52}5

event = {Add — Ly — Ls() };

condition = {Ly > 0};

action = {Vy = “on”; Lo—;

Fy=Fy— Ly; Ly = Ly + Fu; }).
Ts = (Sac = {S2}; Stge = {Ss};

event = {Stop — Lo — L4()};

condition = {Ly == 0};

action = {Vy = “oft”; V5 = “on”; L3z—;

Fy=F;—L3; Ly =Ls+ F5; }).

Ty R RGN T

Ty RN I AR e

Ty 7 Ly = O W, 45 10 i —mife b
Ty TR A A R A

Ts RN Ly = 0 WHZ L INARAE ALK,

To RN INZ AN 72,

Ty Fon 2 Ly = 1.37 m I 1B I 2 6 ALl

Ts BB dE 52870 #y

Ty Rt 112814

Tyo RATHRATFAHIK,

Ty1 RV ENHEH;

To RN PRI RS 1EAHIK,

T Rt 1R ORI

T4 RN

Ts R IR

Tie Fo ikl

Ti7 Ttk kL

CSTR R i [¥] EFSM 52 B AR T 1E 471 52 Wi OC 3R,
OB SRR, RN AT Ly RS RNV 45 H B AT
Ly RIS R Fo A7 K [N 28 WA Ly 1E 47
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Transition

IaTDD-New

Tr (Lo2o{D.(Ls A Do La A D.(Va (V5. {D. (Ve { D). (V2. { D (Ve { D). (Vo . { D, (FS6.{ .(P.{ }):(Time p, — 1500 .{D).( Time vy =on".{H,(T1.{})

T (VaAL2 (L2 {L2}),(Fa,{Fa,L2})(La,{L4,F4,L2,V4})
Ts (Va{L2})(Vs,{ L2 })(L3,{L3,L2}),(F5,{F5,L3,L2})(La,{L4,F5,L2,V5})
Ty (L3,{L3}),(F5,{F5,L3}),(La,{L4,F5,L3})
Ts (V5. {L3}),(Ve.,{L3}),(La,{L4,F6,L3,Vs})
Ts (Vo ,{La}).(F6,{F6,V6,La}),(La,{La, Fs})
T7 (Vo ,{La}).(S8:{La}).(Se.{La}),(FS6,{FSe,56,La}),(T1,{T1,F6,L4,58,56})
Ts (Th {T1,FSe})
Ty (Se.{T1 PDA(T1.{T1})
T1o (Ve {T1 D).(V2 {T1 }).(Fs,{ F5,Vs,V7,T1 }).(Fr,{ F7,V3,Vz, 71 }),(T1,{ 71,Fs,F7,V3,V7 })
T11 (Va{Vs,T1 }).(Vz { V7, T1 }),(Fs.,{ Fs,Vs,T1 }).(F7,{ F7,V7,T1 })(T1 {T1,Fs,F7 }),(P.,{ P,T1})
Th2 (Ve {Vs,T1,Timep, —1200 }),(V7,{V7, T1, Timerp, —1200 }).(Timer, —1200.{Timep —1200,71})
ET (Vs,{Timep, —1200 },(V7.,{Timerp, —1500 }),(V5,{Timep, —1200})
Tha (Timevg = «on~ ,{ Time vy = «on })
Tis (Vs,{Timey; = «on» }),(Vo,{Timevy = «on» }),(Fo,{ Fo,Vo,Time v, — «on» }),(La,{L4,Fo,Timeyy = «on» })
Ti6 (La,{L4,Fo})
Ti7 Vo, {L4})
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K7 i S DA i A 1 (0 T 20 A7
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Fz2 CSTR AFZMEXTEMAEBIAREM

Defined variables Transitions
P Ty, Tha
T T, T7, Ts, Ty, Tr0, T11
FSg Ty, T7
Ss Ty, T7
Se T1,T7, Ty
Fo T1,Tys
Fg T1, Tho, T11
Fy; T1, Tho, T11
Fe T, T5,Ts
Fs Ty, T3, Ty
Fy T, T
Timcvs:uonw Ty, Ti4
Timer, 1200 T1, T2
Vo T1, Ths, Thr
Vs T1, Tho, Th1, T2, Ths
Vz T1, Tho, Th1, The, Ths
Vs T, Ts5,Ts, T7
Vs T1, T3, Ts, T1z, Ths
Va T1,T2, T3
Ly Ty, T2, T3, T4, T5 , Ts, T15, T1e
L3 T1,T5, Ty
Lo Ty, T

€ SR RAERE N BOAAT AN R (K OB 1, 3t
TS, W I A AR B % . 38 0 Ko AR )
e A B B A AR R A LG AR I R B ik 2 o 14 4 e
Z

LA N 38U Ly A2 8K ), %) Ly AHAZ AL 520
RAELES MM BTy« Ty Ty~ Ty~ Ts~ To~ Tis~ Tig
SN PRI TR AR AL, AR RS2 DG R B A AR L.
2 52 WA A 5 R AN REAR e 1 AR B Tl o R ) A2

e, EFSM A5 RLKE Ly 1K) BT A3 i Bl B2 e 3t 4 38 ok
A (RSN ASARACIERE, Wl 5 s,
30

— dependent varibles

transition where
the variable occurred

numbers

varibles

EXEEMEMIBHSKBEENXR

[R]
IS

30— dependent transitions

-------- dependent paths =

dependent variable e

(without repetition) .~

_._. dependent variable .~
(with repetition/)/’

15¢ L

numbers

Tl TZ T3 T4 TS T() TlS T16
transition
5 TEARRBZIRNA Ly KBBTHE. BERTEHE

Hi S AT, (R — AN R B AR AN AS TR ) R A B
B, TR AT RS AR SRS AR H0AN 7). BiE A5 N i) ) 4
¥ SN IR, G0 5 2% i s .

5 AL Ly 753 T B BOIT AR M AT H
DR L. K305 T I R Tie B
B AL R A% b5 S N2 Ly WIT 8 14
H (IeTDD-CV) FI 6% .

R3 Tie MERENRF RO Ly IR RIED T

No. iI# IeTDD-CV (RIPFA
1 Tie Ly {(La{L4,Fo})}
2 T1s Ly, Fy {(Vo.{Timev; — «on }):(Fo.,{ Fo,Vo,Time vy — «on” }),(La,{ L4,Fo,Timev, — «on» })}
3 Tha Timev = «on” {(Timeyy = «on”,{ Timeyg=«on” })}
4 Te Ly {(Ve.{La}).(F6,{F6,Vs,La}),(La,{La,Fs})}
5 Ts Ly, Vs {(V6.{L3}),(La,{L4,Fs,L3,V5})}
6 Ty Ly, L3 {(Ls.{Ls}).(F5,{F5,L3}),(La,{L4,F5,L3})}
7 Ts L4, F5, L3 {(Vs {L2})(Ls.{L3,L2}),(F5.{F5,L3,L2}),(La,{L4,F5,L2,Vs })}
8 T Ly, Lo {(Va{L2}(L2.{L2}),(Fa,{Fa,L2}),(La,{La,Fs,L2,Va})}
9 Ty L4, Fu, L2, Vy {2 DL D). (Va {D(Fa D)}

2580 30 ) R A S 45 2 ) 453 B 52 W IT S The
WAL Ly AR A1) 9 55 W] BEAF L0 IR AR 3R 25 42, 4300
s

(The, Ts, Tha, Ts, T, Ty, T3, T2, T1);
(Th6, T1s, T, Ts, Ta, T3, T, T1 );
(The, Ths, T, Ts, Ty, T3, T1);

Tve, Ths, 1o, Ts, T3, To, Tt );
Tve, Ths, 16, T5, T3, T1);
The, Ths, T5, Ta, T3, To, Tt );
The, Ths, 15, T, T3, T1);
The, Ths, 15, T3, T2, T1);
The, Ths, 15, T3, T1).
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