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A Method of Reactor Power Decrease by 2DOF Control
System during BWR Power Oscillation

Nobuyuki ISHIKAWA and Katsuo SUZUKI

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 31, 1998)

Occurrence of power oscillation events caused by void feedback effects in
BWRs operated at low-flow and high-power condition has been reported. After
thoroughly examining these events, BWRs have been equipped with the
SRI(Selected Rod Insertion) system to avoid the power oscillation by decreasing
the power under such reactor condition. This report presents a power control
method for decreasing the reactor power stably by a two degree of freedom
(2DOF) control. Performing a numerical simulation by utilizing a simple
reactor dynamics model, it is found that the control system designed attains a
satisfactory control performance of power decrease from a viewpoint of setting

time and oscillation.
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Fig. 2.1 Response of the March-Leuba reactor dynamics model ( k=1.1)
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Table 2.1 Parameters of March-Leuba Model for Vermont

Yankee limit cycle oscillation analysis

Parameter Value

[unit]
a, [25.04 [K-s7]
a, 0.23 [s™]
a, 2.25 [s™]
a, 6.82 [s]
k, -3.70x10°  [K'-57?]

-2.52%x107° [K™Y

D
B 0.0056
A

4.00x107° [s™]

A 0.08 [s7]
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B (2.16) XA HKRDEIICEHE XN B,

P(s) = 2.500x10%s* +6.400x10%s® +1.884x10%s% +5.389x10*s +3.137x10°
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2

(3.7)
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4.00s° +5.75x10%s° +2.05%10%s* +5.75x10%s* +1.21x10*s? +8.37x10’s + 5.54 x 10’

K,(s) =
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(3.8)
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HHLbECIOIET A LD MAEARKE K 0,%0.25[rad/sec]

CRBAE, DL E, 74— F7 47— FEEK(EGIZ(3.5)

||

XL hsgtBERLE, RFENLZKEODKREF B W LD,
BRHBROA2BRREBILET. #F. #8FZHKA0XE R YL
L5513 KRTH 5D,

K(5F) - [625x10? 1.50x10' 1.18x10° 5.12x10* 1.18x10° 6.66x10°
271x107 7.41x107 1.45x10® 2.03x10® 1.44x10° 3.72x107 3.51x10°

1.09%x10°]

K,(58)- [250x10* 248x10° 1.22x10° 6.54x10° 2.69x10° 5.82x10°
9.53x10° 6.90x10° 2.63x10° 5.74x10° 7.08x10” 4.52x10° 1.17x10°

2.66x10°] (3.10)
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2DOF Controller pd

Augmented Plant

Fig. 3.1 Block diagram of 2DOF control system
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function of control system
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K (1) = A X() + Byyr(t)

u, (1) =Cy x()+ D r(t) (4.2)
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2T . Ki(s)=Cy(sT-Ag) By, + Dy
LPXoBHBERMORBZEZMERIAKXTST 2 6 3 1Y,

%, (k) = @ x(k) + T r(k)

u, (k) = Cy X, (k) + D, 1(k) (4.3)
T, @D =erl | Ty =(@g —-DAg By
Syl B A2 ZEHTRAB (79 ¥ 7)) BHTH L.,
ABAVAEEERKEHR AR THE SR D,

K (z™") = Cg (2] - Dg,) 'Tx; + Dy (4.4)
e Yy - ABTUINIRNETEBERAFAET 2 2L
LE YV EFERDE, KOO B WA 0 EATIZ2W T KT
H b5 o
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4.2 HEMBELERH®

CO®HTIR, EFAVMTYF Y SEICED) FEL L2 HMH
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RppHIL, 4 FNRF X2 =227 I F ViED=0TDH

G owTHEMIECTTZ2HALERYE (BHREMERLS
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Digital 2DOF
sampler controller
r(t) r(k) u, (k)
—>o/c I[Kl(z-l) :
o+ u(k) u(t)

§__. ZOH | —»

y(®)

——%Y(k) Tk - fo l_”

u,(k)
A

Fig.4.1 Digital 2DOF controller
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Fig. 4.2  Step response of reference model for 2DOF controller design
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Fig. 4.3  Step response of 2DOF control system for nominal plant ( x= 0.7)
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Fig.4.4 Power decrease by applying negative reactivity in the
ramp function
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Fig.4.5 Power decrease by 2DOF control system
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