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Abstract — This study developed an algorithm for analyzing the safety of the boiler system including equipments and oper-
ating procedures using SMV{Symbolic Model Verifier). The strength of this algorithm is to verify the interactions of various
variables simultaneously, while conventional simulation technique verifies only a few variable at one time. A boiler model is
developed using SMV, and it can specify failures of fans, detectors and pumps. This method tests numerous dangerous con-
ditions occurred by multiple variables and identifies potential hazards in the boiler system.
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Fig. 2. Operating procedures of boiler.
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igniter : spark_pluglin};
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21bF ; bumer(step, z!pf.Name, (pd & (2102 > 0)), (m1.running & {21a.2 > O}});

pi_detset : flame_detector(step, preconditions, 003503 , 21pf flame, normat_pi_detector ;
ma_detect : flams_detector{step,precanditions, 1, #1bf flame, nommal_ma_detector);

m1 : fan{step, cont_m1,normal_fan1};

m3 : fan{stap, cont_m3,normal_fan2)

m5: fan{step, Im2.unning, nomnal_fan3):

1100 : vary_iang_timer(stap, t100en};

fued - firel_temperature{1100.dn&{z1b 7=0)8{z1p_z=0} );

21b - valve_posiion{t100.dnéfusd tempapurge.Ond(step=0j8pi_detect sigin, &_safety 1=1)|ma_detecLsight , normal_fuel_valve §
z1a ; valve_pestion(m1.sunningB{step=0}, 1, normal_air vaive J;

gas : gas_flow(piot_gas, p4, 21b.z);

air : air flow{m1.running, 21a.z, m3.running, door_pos);

box : box_coneistep, air.q, gas.q, {21pt flame | z1bl flame));

pUrge - purge_pracess| m1.runni ing&z1pf flamedztbf flame, W10.dn 420.dn);
415 : retertive_timer{step, t415en, 141 5res);

1410 : long_tmer(step, t410en, t410res);

1420 : retentive_tirmerstep. t420en, 1420res);

| safsly - safsty_limen(pi_detect sight pgsovz) .

Fig. 5. Main module.

MODULE valve_position{normal.interlock , normat_valve)
VAR
z:0.12
ASSIGN
next(z) =
case
normal_valve :
case
interlock :
case
normaf :
case
(z=0):1;
(z=1):2;
(z=2):z;
esac,
1:1;
esac ;
linterlock : 0 ;
1:2;
esac;
1:01.2;
esac;

Fig. 6. Valve position module.
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MODULE fan(step, signal,normal_condition)
VAR
running : bootean;
ASSIGN
next(running) :=
case
Inormal_condition : 0,1 ;
1: signal;
esac;

Fig. 7. Fan module,
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MODULE purge_process{ normal_condition, timer timer2)

VAR

On : boolean ;

ASSIGN

next{On):=

case
ltimer & normal_condition & Himer2 : 0 ;
timer: G ;
1:1;
8SaC,

Fig. 8. Purge module.

MODULE flame_detector{st, hard, soft, flame,normal_condition)
VAR
sight : booiean;
ASSIGN
sight .=
case
tnormat_condition : 0,1 ;
{hard & soft} ; O,
1: flame ;
asac;

Fig. 9. Flame detector module.
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MODULE very_long_timer{step, en}
VAR
t:0.10;
ASSIGN
next(t) ;=
case
len 1 0;
step >0 :t;
t=10):t+1;
(t=10) : t
esac,
DEFINE

Ldn = (1= 10);

Fig. 10. Timer module,
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MODULE burner (step, spark, gas, air)
VAR
flame : boolean;
ASSIGN
next(flame) :=
case
lgas : O;
lair : Q;
flame : 1;
spark : 1;
1: flame,
esac;

Fig. 11. Burner module.
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normal_pi_detector ;= 1 ;
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Fig. 13. Representation of fan failure.

MODULE fan{step, signal, normal_condition }
VAR
running : boolean;
ASSIGN
next(running) :=
case
fnormai_condition : 0;
1 : signal;
esac;

Fan failure

MODULE fan(step, signal normal_condition )
VAR
running : boolean;
ASSIGN
next(running) :=
case
Inormal_condition : {0, 1} ;
1: signal;
esac;

Fan maifunction
Fig. 14. Comparison of failure and malfunction of fan.
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Table 1. Verification results for the single variable

Safe/ Ignition of boiler

Danger (Success/Fail) Comparison

Failure of fan{inlet) Safe  Success Abnormal operation
Malfunction of fan(inlet) Danger Success Explosion possible
Faiture of fan(outlet) Safe  Success Abnormal operation
Malfunction of fan(outlet) Safe  Success Abnormal operation
Failure of main detector Safe  Fail Economical loss
Malfunction of main detector Safe  Success & Fail Economical loss
Failure of pilot detector Safe  Fail Economical loss

Maifunction of pilot detector Safe  Success & Fail FEconomical loss
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-- specification AG box.conc < 9 is false
—— as demonstraied by the following execution sequence

state 1.1 slaleil 8.
normai_ait_valve = | siep = 0 _
narmal_fuel valve = | "‘"“"‘"_""1 =0
normal_ma_detestor = | wl aning = 1
normal_pi_detector = | air.q = Jow
normal_fan3 = | q
netmal_fan2 = 1 stete 1.5
HiSes=1 step=1
Wisen=1 mi.running =
po=1 teo1=2 state 1.35:
p=1 zZlaz=2 step = 3
door pos =1 4ir.q = none
003503 - 1 “igr=2 state 136
m=1 step=0
preconditions = | ’
pilot_gas = 0 slatc_l .I37.
T
g box.conc =1
2la z=9 state 1.34;
rll_change =0 pilot_gas=1
#10en =0 step=2 ___" sch ;8‘
t410res = 0 zlp z=1 step=
ti0den = =i

gas.q = iow .
cont_ml =1 state 1.39:
conl_m3 =1 step=3
mgsovl =0
pEsovZ = sme_! ;G:
t420en =0 SIEp -
1420res = 0
normal_fanl =90 s:le_l ,Idl-
igniter.spark - { step=
zipf.flame =0 llOﬂdl::l
z1bf.flame =0 o0y = lg
pi_detect sight = 0 box, cone =2

ma_detect sight = 8
m|_renning =0
m3.running = 0
to0.dn=10
H=0
fugliemp =9
zlbz=10
zlaz=0
£a5.0 = none
2ir.q=none
box.cone - 0
purge.On =0
#15.dn =0
ist=0
t18.dn =0
101=0
420.dn =0
wi=0

state 1.69
step=1
box.cone =9

Fig, 15, Scenario for the malfunction of the fan.
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Table 2. Verification results for the multiple variables

Safe/ Ignition of boiier

Danger  (Success/c} Comparison
Failure of fan(inlet) & Failure  Safe Fail Economical loss
of pilot detector
Malfunction of fan{inlet) & Danger  Success Explosion possible

Economical loss
Economical loss

Malfunction of pilot detector Fail
Failure of fan(inlet) & Failure Safe Fail
of main detector
Malfunction of fan(inlet) & Danger  Success
Malfunction of main detector Fail
Failure of fan(inlet) & Safe Fail
Malfunction of pilot detector
Malfunction of fan(inlet) & Safe Fail
Failure of pilot detector

Explosion possible
Economical ioss
Economical foss

Economical loss

Failure of fan(intet) & Safe Fail Economical loss
Malfunetion of main detector

Malfunction of fan(inlet) & Danger  Success Explosion possible
Failure of main detector Fail

Economical loss
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