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the Safety Verification of Chemical Processes
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Abstract

: An automatic verification method has been studied to determine the safety and operability of

programmable logic controller (PLC) based systems. For the systematic and efficient verification, we have
developed a conversion method from relay ladder logic (RLL) to the verification system description. RLL is a
common representation used to document PLC programs for the sequential logic of the system such as the
safety interlocks and the startup/shutdown procedures. Once the modules are developed, complex RLLs can be

represented by the combination of modules. As a result we can verify complex PLC systems using the

verification method including RLL modules. The developed modules are used to verify alarm systems and show

that the method is valid.
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1  MODULE ONTMR( I, 12, SP, R )
2 ASSIGN

3 init(R) := 0;

4 next(R) := case

5 2.0

6 112 & 11 & R<SP : R+1;
7 1 R;

8 esac;

9 DEFINE

10 output :=  case

11 R=SP : 1;

12 1:0

13 esac;
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Fig. 4. SMV module for ONTMR.

Y 49 BEo| 19 39 RLL W#Holo ZE AHE
a9E AEE F e AE A7 9sk, 1Y 39 3
Hoizt 71 = UE BE A Wt shisht 19 4
9] Rgd L3t %o AAE wwEIYN, L FXY
£ 3939tk o2 RLL dgold digt R85 tisty
5 vl wye g #E1sch
4.2 DCAT (discrete control alarm timer) 2.9

ojak Ao} A ol (DCAT)= dhiel Jgd & 79
=W (feedback)® 7HAT A BN AMEEr] A
RLL 23 wH#ojz, 1% 5o 83 R} Ho)

DCAT E&9 ¢ggozE A9 & dHsc g



56

gl AHgE, 282 AXE Aojsted AMREHC) o] B
3 FEoE A7 2olEd des A7ME =33 o
Fr JE A9 AEE RYILEE e QUL = Ao
2, 99 719 7IE9ER TAHE 7152 dAg 5 Aok
Output

Input DCAT —

Open/Close p:

¥ 5. DCAT (°]2t Ao} AR glo|n)).
Fig. 5. DCAT (discrete control alarm timer).

a9 59lM PE AAE AU B & o HedHE=
AlZtolth, OF(open feedback)® A|oix: A7t E4 9%
A ERESE PAFe ANZRE Bolee Yo,
CF(close feedback)® &7} EF 717 @888 7+
3l FXEFE Solee d¥oltl. OAl(open alarm):=
DCATS %] AA(on) J& wl, DCAT Eoly &84
t Mol OF o] E01x] o A= Ao Yy olo)
th CAlclose alarm)® DCATS] 1go] AA(off) QL w,
DCAT elolw| 3&A1ZF 2o CF o] Sojox] o
AAE Ao dao]oltt,

DCATS®| 7Rd 4¥AE7F AU AXE Lo =
Zhg o] dojdt)

- A Ade] P @ez ¥AHT, T AE 29 0As)
CAE 7AA3L, DCATY &3& #AH.

- DCATY M# d¥AE7 AXYE 59, EolHs
OF Sige] ARAY 3¢ A7 238 H71A A59.

- OF ¥o] 38 At dol AxA, 27k AL 0o
2 4451, 0AE A% AX 9L,

© OF7F &8 Al7F Holl AR A dowl OA7F AA.

- OF7F 3§ Azt Aol Aoy AnH 4h2E7 A
A3e F OF7F vl AR, 0AZF AF. 1 ¥ OF7}
oAl AXH OAE AA.

DCAT®] Md UHAB7F AU AXE e 5
50| doldeh

© A Aol P e HAHD T AR 29 0A9
CA® 7|1, DCATY £¥% #AA.

- DCATS 71H 4357t AMYE S elojrs
CF fdgo] AXAY 3 & A7te 298 711 9.

- CF 8ol 34 A7t Ao ARE, A7 AL go
2 AAE1, CAE A% AA L.

© CF7F 318 AT Aol #ARX gow cAZt AR,

© CF7} 318 A7 "ol ARoy id 98457 AR
A B CF7F bdAl AAY, CAZE AF. 1 F CF7F o
Al AW CAx® AF. &, OF¢ CF7l 25 AXW 0A%
CAZ} 25 AAH, ojRAL AA N YAE 7Hx|3l=
FAZY 23 ASala Az 4 ok

a9 59 DCATY dl$¥e =8 #ZEr] 98 =58
2 69 Yok ZE DCATE 9F 719 <9zl INPUT,
P, R, OF, CF, OA, CAE 74, INPUTL 7i5 ¢lgals
o|x, P& A JNH & Azteg grojmlel HAx|o|g}

< ©] DCAT EEE AMsls 2 o) AHgso] gli=
eleln XA oltd OF, CF, OA, CAE Zt7zb 9o A
B A 2ok 5HA 23 69 9 old_inpute BlE
ol A7 At A2l INPUTY zhe AAsh= wgeo|t))
&8 AIZE <toll o] A Fao] A EHAEAS deiF
= Mg flagZt THA Sl 1288 7120 Aolxlo] ¢}
ok Etoln] #HAAHY FIL 13WA 2o 18WF =7
2ol eojslo] gla, 19 A FollA WA E7RAE= Az

HOY- KiS8t - AEESt =K K22 M1 S 19% 3

o) AW Asjel WE AME FES Aotk o uE
DCATS] £3¢ 330 ZolA Held A% o] 3
g3 2},

1 MODULE DCAT( INPUT,PR,0OF CF.OA,CA )
2 VAR

3 old_input, flag : boolean;

4  ASSIGN

5 init(old_input) = INPUT;

6 next(old_input) := INPUT;

7 init(flag) = 0;

8 next(flag) ‘=case

9 old_input = INPUT : (

10 Hlag&R>0&((INPUT&OF)|('INPUT&CF)) © 1;
11 1 : flag:

12 esac,

13 init(R) := P;

14 next(R) = case

15 old_input = !INPUT : P;

16 flag & R>0Q : R-1;

17 10

18 €SaCc;

19 init(QA) = 0;
20 next(QA) :=case

21 OF & CF : 1,

22 old_input = INPUT : 0;
23 IINPUT : OA;

24 flag : 'OF;

25 'flag & R=0 : 1,

26 1: 0A;

27 esac;

28 init(CA) = 0;
29 next(CA) :=case

30 OF & CF : 1;

31 old_input = 'INPUT : 0;
32 INPUT : CA;

33 flag : 'CF;

34 'flag & R=0 : 1;

35 1:CA;

36 esac;

7 DEFINE

3
38 output := INPUT;
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A2 solencid_valve EEE /fWdld 1 715 g€ EANS
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VAR
DCAT7 : DCAT( C40, 30, R1, X17, X18, C5, C6 );
ONTMRS : ONTMR( C40, !C40, 30, R2 );
OFTMRS9 : OFTMR( !C40, C40, 30, R3 )
Valvel | solenoid_valve( Y7, 25, R4, Q1 );

DEFINE
Q2 := Valvel.Fout;
X17 = Valvel .Zopen;
X18 := Valvel.Zclose;
ASSIGN
next(Y7) := DCAT7.output;
next(Y1) := C5 & !C6;
next(Y2) = IC5 & !C6;
next(Y3) = C5 & C6;
next(Y4) = 1X17 & 'X18 & !C5 & !C6;
next(T8) := ONTMRS.output;

next(T9) := OFTMR9Y.output;

a9 9. 1%y 82] RLLo th3t AlA¥ T4,
Fig. 9. System description for RLL in Fig. 8.
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24 10, 48€ RLL 7129,
Fig. 10. Revised RLL rung.
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