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Dynamics Modeling and Operation Simulation for the Simulation of Abrupt Faults in the
Boiler Drum Level Control System of a Fossile Power Plant

& HF R -4 & MR FET
(Jung-Keun Kim + Jae~Hwa Kim - Tae-Gyu Chang)

Abstract - This paper presents the dynamics modeling and the operation simulation of the 500 MW drum-type boiler
and its control system hosted in the Boryung Power Plant unit #1 and #2. The fidelity of the modeling and the
operation simulation is well verified by their agreement with the actual data obtained form the plant operation. As a
plant signal generator for the various operation patterns and fault situations, the simulation environment will be utilized
to develope the fault detecting signal processing algorithms. '
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Table 1. The state values at each operation points in the

simulation
drum total ;
state water | oo total feed input
pressue | volum mass steam water poger
; : tlet qt
=2 p WV | ratio xr |O% afw
[MW] [Mpa] (m’3] [Kg/sec] [Keg/sec] (Mw]

250 17.04 | 1665 | 0.1356 { 1983 | 1983 | 2084
375 1751 | 16.76 | 02073 | 333.2 | 3332 | 4681
417 17.73 | 1679 | 0.2325 | 3785 | 3785 | 503.0
450 1793 | 16.82 | 0.2533 | 4142 | 4142 | 5782
475 18.08 | 16.84 | 0.2696 | 441.3 | 441.3 | 614.3
495 1822 | 1686 | 0.2831 | 462.8 | 462.8 | 643.0
500 1826 | 16.86 | 0.2865 | 468.3 | 4683 | 650.2
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g 24" o 97 (coal demand) ¥ F-& A Fe e} 2o
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sti, AR, EXAL 59 39S AEso Rdy AF
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(auto), B1¥l manual, load-limit (0.5%/min) +#do|H, A
e AEH FHo U TEH SHESAMNGY HYE
B A2 manual, B9 AF5E=(auto), =HFH AE(auto) =
=2 gd3td, A4 108 oA HBAHA HE FIH3}
7t 8 AejA L& nAAZ FHAA d8 87 H(coal
demand)€ +3, *5%¥ES AlATIL FHGGH ol o

A $7e FRRE AGolr

Main steam flovw B 20 REEAEA diF AESAES 293t JE
450 e, AlEHolAE T3 42 ZAE F 39 HEUA
400
250l E 2. 554 MY AEx
gaoo Table 2. The actual measured values of the dynamic characteristic
2 simulation
° 25 | 29 94 05 %/minA Ao} o4 | s
200 BT 1480—430 | 430370 | 370—430 | 430—480 | MW
150 =y -22, =22, =22, -18,
200 250 300 350 400 450 500 550 9] +22 +22 +30 +30 mm
Load condition
F27) -0, +1.0, +0, +2.0, o
a3 6. 57 R d|mx °ex +15 +15 +1.5 +1.0
(0 : MAAIEXR|, x : Al gelolMd &&x|) FZ7) +1.0, -55, -50, +0.0, Kg/cm
— —_ _ 2
Fig. 6 Comparison of the value of the steam fiow 44 _ 50 1.0 7.0 1.0
(0 : design spec. , x : simulation output) 7]Zﬂ_§; +£%0, _5%0, +é_%)1’ +§300, C
EYY O|HE #ejo| UF AlSolME 2T 313 LML 2 =Y FHOASe cloluala mHal gl 2MAg0IM 65
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Table 3. The results of load swing test using the driving control
simulation(the same pattern as actual measurement
experiment shown in the Table. 2 )

]

2% WA (05 %/min)Al Aol 23
z40% @9
480—430 | 430370 | 370430 | 430—480
== | -1127, | -1079, | -9.45,
¢ 1,420 o560 | +1326 | 1221 | ™™
%7 | -162, | -181, | -399, | -363
ore | +0631 | +207 | +120 | +1.30 |Ke/em

B 4 R A o i3 SE4 ANHE (M5
Table 4. The results of dynamic characteristic simulation by step
input of the fue! (Actual measurement)

AEF |dEH 3%|IA5F 3% |98 5%| A5 5%
w5l 7t AR s A
o Al F | A | F 1A | F | 4|5

Z2(MW) | 460 | 495 | 495 | 460 | 450 | 495 | 495 |450

=z ora

FE/IUB 160 | 170 [ 170 | 161 | 153 | 170 | 160 |153
(Kg/Cm”)

F%7) . .
. 530 | 538 | 519 | 526 | 526 | 537 | 531 |535

Ad <7l 533 | 539 | 535 | b31 | 516 | 533 | 534 (533

_Q_E("C)

coal flow

(Ton/hr) 170 { 177 | 177 | 170 | 164 | 177 | 177 |164

¥ 5. 2t AlgeloldA| AHotl=dol CHEt SS4 AIEE

Table 5. The results of the dynamic characteristics to step input
in mass heat simulation

EREE: =5 B
o4 A 3 B F
232(MW) 450 495 495 450
F27) 152.8 1769 176.8 153.0
2+ (Kg/cm? | (14.97Mpa) | (17.34Mpa) | (17.30Mpa) | (15.00Mpa)
d=d% 617.4 639.1 639.1 617.4
(MW) | . : ‘
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following 2=2 22 A S92 load swing testg& 3
gt Aa(rdEaE 157(0AM st BeHE AlED
ze gi@Hez AMEs AY)

Fig. 7 The results of a load swing test of the boiler system in
turbine manual and boiter following mode through the
driving control simulation (in the same pattern as the

load swing test of Boryung Power Plant unit #1)
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Fig. 8 The results of boiler dynamic characteristic simulation
when the fuel is increased by step input of +5% in the
condition that the turbine control valve is fixed. (a time
constant of output increasement is observed)
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(1) plant A}%¥
- B4eE Tiw : 280 [C]
- =3 By Vdrum (&7 : 3558 [m’]

- A& By Vro: 1099 [m']
- §7E B3 Vde : 4524 [m1]
- #ed7] 23 Vsh : 1382 [m’]
-=3H 2 A58 g% 7229 9d cp: 5440 [J/KeC]
-EY Y Asw 24 72EY 2% m o 50263269 [Kgl

- Asaa 7w np@AS K 4407+107(-3) [sec/Kg]
- F4dr)e] vpaAS Kl 5.048+10°(-6) [1/mKg?]

9

(2) #A o7l A4 setting A

@) B ol x wa 2ANH A A%
- 235719 AFH hs : all+(all+a2l*(p-10))*(p-10)
a01=2.728«10"(6), all=-1.792+10"(4), a21=-924.0

¥gF7le] 2% rs 0 a02+(al2+a22+(p-10))*(p-10)
a02=5543, al2=7.136, a22=0.224

t

¥ g49 Aedy hw @ a03+(al3+a23=(p-10))*(p-10)
a03=1.408+107(6), al3-=4.565+10"(4), a23=-1010.0

- ¥359 9% rw 1 a04+(ald+a24=(p-10))*(p-10)
a04=688.4, ald=-17.46, a24= 0.081

- ¥3E719 2% ts: a05+(al5+a25x(p-10))*(p-10)
a05=311.0, al5= 7.822, a25>=-0.32

- 559 €9 hiw :
hw+(a06+al6+(p-10))*(p-10)*(Tfw-ts)
a06=5900.0, al6=250.0
BFF719 WX rsh : a07+#p."2+al7+p+a?
a07=0.0304, al7=2.2870, a27=2.4299;

Aol BB NEGH HE7) hH BA A -

ass=kkl=*pcv V pg,+kk2+ V pg
kk1=0.7966, kk2=54.39

A FE5AZ ANASF
A% 3 [sec]
Eulde 3E AT ;05 [sec]

k12=2
t;;éo k22=0.02 kl.3:30
Kil=0.15 k32=0.2 Ki3=0.02
Kpl=0.33 Ki2=1.0 Kp3=3.8
’ Kp2=1.0

Az AL AE 90 [sec)



