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The Level Control of Steam Generator in Nuclear
Power Plant by Neural Network 2-DOF PID Controller
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Abstract : When we control the level of the steam generator in the nuclear power plants, a swell and shrink
arises from many disturbances such as feed water rate, feed water temperature, main steam flow rate, and
coolant temperature. If we use the conventional type of PI controller in this system, we will not have
stability during controlling at lower power, the removal function of disturbances, and a load follow-up control
effectively. In this paper, we study the application of a 2-Degree of Freedom(2-DOF) PID controller to the
level control of the steam generator of nuclear power plants through the simulation and the experimental
steam generator. We use the parameters «@,83,7 of the 2-DOF PID controller for the removal of disturbances
and the parameters Kp,Ti,Td of the conventional type of PID controller for controlling setpoint. The
back-propagation learning algorithm of neural network is used for tuning the 2-DOF PID controller. We can
find satisfactory results of the removal of the disturbances and the tracking function in the change of setpoint
through the simulation and experimental steam generator.

Keywords : intelligent control, PID control, nucelear power plant
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Fig. 1. Level control system of steam generator.

Level Set point

steam Flow Feed Flow ¢ L
SUM

L

SIM_| | KWx(1+1/z (Dxs))

KD X(1+1/(z (2))

K(2) =20, ¢ (1)=200(1500), r (2)=200,
( )for actual plant

a9 2. F FeUE PO 7.
Fig. 2. PI Controllers for main feed water valve.

37 2471 A E 27 13 Zo] F71Ere
FHANS AN, TV /FENE, S5 FHENEE T
o & FHILe £x9 F FUB NEE ZHY
o.g2x o]FoTHI)-[5]. olEL F7LA7] FHAl
ool AHEHI e Aolrle FE PIAIYZIZ O &3
544 M2 Aol ¢gFe FHEol oy i =
A2 o]&H1 e GFT Aojoj&olt &

322

Holl gt A7t 53] AFHo o ®rt ofzg} PI|of
719 Fe9E 71E8 138 WEE R o]&3taL
Ao} Yrb TF M| 2AM = olu] HEEH U Alo]7]
ZAF vlojANA Fufdli e T2 MG Aojrlel F
Zg o Fd Alorie] 599 el AHgHT
A gt

Level Setpoint

K@ X (1+1/(7 (3)xs))

1 K(3)=750

K(1)=2.0

19 3. F4 Hiolaj2 wWiH PIA|o] 7).
Fig. 3. PI controller for feed water bypass valve.

a9 29 38 7129 AoiAFe) AHLET Uk Aol

Qnzens 27 437 BE4 43 599 9%

3 2o EYHOL olgHT E wjolss Wy 27
£ =gxoz £dse) AAHA AeT APAS 7

Wal7] oA Hol AT 53] ol 4G wstAlel

A715¢ Fthal7) ol

OI. MY 2-X7x PIDMOIZ| MAE 943t 37w
47|
Z7184719 Rl AR met gt oy A
7 AN Qi B ATl A8d 2de a9 4
st gol Z7147] FA¥se] 9P wES dE W
52 7 F4RY 3 270, 105 QueE 7 7
F2E 449 WSS ST ol Wre Fgol e
27 4719 2(Geel Wk 2oz sacHsl6]

Y

#5571 % SFlkg/sec] — =
FF4 % FLlkg/sec] — g
1Z}gn) 2% CT Kl — 512471 | - 49
34 &% FIC Kl — LE(%)

Y N T HEICEE L RIE RS
Fig. 4. The parameters to affect the level
variation of steam generator.

E 479 HE4ELS ME Fdo] o] o= e
E 7PEAITIE AY U8 HSES 5¢H3EH = o
Aeg FAFHD 7hA"E Egetel o) Aojd 4
& ot} Z}zbel W slel Uit Y B4
71 98 el e Aoz sMgste Agd
2 AR 3] Zzte] mEpuE sl =9
vz FEE A EdlA IHT wEkbd R Al
A Zzvel 7 sl vA = FES Ao
2 Yehdi| g3 2.

LE(s)=[G,(s)FL(s), G5(s) SF(s),

Ca(9) CT(S), Gy(8) FT(s)] (w



323 Journal of Control, Automation and Systems Engineering, Vol. 4, No. 3, June, 1998

LE(s) : 371947 49

FL(s) : & 99 &%

SF(s) : & &7 &

CT(s): 13 ¥l 2%

FT(s) : & FF &%
ky=1.1x10 ~*

by =—0.012097 ¢~ ®%P _( 001

£,=0.1985%%7

7T
W, =
T
by =0.0196¢ " 1+ 0,007

B =[1.17X10‘5P3-6><10‘4+0.01P+0.0223,Pé25
! 0.0801—0.0004(P—25),  P>25

ks=—2x10""P+1.1x10 2P +2.7x10 "*P+0.0041

k
GI(S) = ‘s_l‘i' kza)il,

_ "'kl 0.05k3
Gaols) = —5 ZL s+0.§)5 : 2)
_ k4 az— b3 S C3k5 —d;
Gals) = (stajz)st+by) ' s+c, ]e §
_ kswfﬂ
G4(S)_ sz+2§4a),,4+a)3,4
b3: a3/10
2[0.399P—1.99,0<P£10
L2 10< P<30

kg =4.43x 10 40 0248P
ty=195¢"%1"+22

¢, =0.535e" %1870 ¢ P<15
0.172,15< P<30

Gt = 71T— 15

A AN GoE F FHusel ge 27w
e AZstel] WA= Feko] I AGFgolm,
G9E F7] F%d wet 7] 247 Y o
7} dolhe Al B ALPSolt E Gl9E
7S BAY E3ol G ARRE G9E F
L= 7,9 Wsel oig 59 wWalE dehie dgy
soloh

ol o (B

IV. $eH0i8 MFY 2-X K< PIDH 07|
1. Aol guz2|E
B Ao AHEE 2-AF% PID Aloj7le 18 59
22 F2E =il

aY sellA ReiiE BRX) gH, ka+-koe PLA

oj7loln el = miRgo g FeE Hr1Y Aot

o] Al&dlo M HAA SV F2Z#F MVTte] Hudhs
A=A SVel &8 PVAbelY HgdsE 44 3,42
FoiZh (3 Z&AFd BAHE ALFFE 2-ARE
et 79, PLDIEEEE 25 ¥3En Qo]
g tisiAe PID HelvElr} RgeiA 88 &
S2=

SV D PV

1+ aBT\S
TR -‘Q—+m(1+%ls) (S

K, T8
1+2T,S

v

3y 5 2-AFE PID Aol 7],
Fig. 5. 2-DOF PID controller.
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Table 1. Initial value for the parameters.

shet v H Value

Kp 1.15
Ti 250
Td 05
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