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by Using a Dynamic Compensator.
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Abstract

In a large-sized nuclear reactor the space dependency of the dynamic behaviour
becomes outstanding, and a more advanced control method than usual region control is
desired. The decoupling theory completed by Gilbert cannot be applied directly to the
reactor, because a state variable (delayed neutron precursor) is not measurable.

In this paper, applying the decoupling theory after introducing the dynamic com-
pensator, the reactor system is decoupled only by the measurable state variables, and
favorable dynamic characteristics are sought for. Some numerical examples are given.
A comparison between the obtained results and that obtained based on the adaptation

of the observor is also given.
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MDD b, DI mERDATI7 vrbd+5, A B, C, F, GizrhnFh, nXna, nxm,
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ZoEE, TR (7) Ao D e (decoupling TIBINFAT D e D MBS 4M) TH
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Wi, o CD > a7 s 8{A, B, C) wisio X 5 il K(F, Gy ko X 5 eBlwL
T s b iz,
= Fx+GCuv (14)
0y, 0, -+, 0, O
i |0 0'2’ =1, 0, 0

u =

. U-L . 1X7li (15>
L 0) 0: ) (/wu 0

—217 0: ) 0

G| %% 0 2o 1x1 (16)

0, 0, -, 2
Tthb, decouple TMIEDRBDOD > AT & Si{As, by, e} 1L, $l# Ki{0:, ) 12 % » T
flle> decouple Xirfc AT A LTI HIHER T 21T/ 5 2 LN TE D, D EOHMDEREX
EAHI LI roT, S22 bl AT &% decouple L, #32 decouple Ehic# s AT ACFe
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EREORET R I, BRIy AT AEKRO L 58T LN TED
Dy = AaZat Bavg (32)
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B = 0.049 b = 0.001/deg
2 = 0.44/sec #7° = 30 MW
A = 0.001 sec i = 0.018
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oIz, u@?fF/XTALﬂ@@#%%%ﬁ&tﬁm%ﬁ%% A RUE, ML
decoupling HlfHIATHETH D2 A MRS/ p HEHE L, TOME p=1 L5 HEIED
L, pXm=3 DEZIRNE XéQMMM%kiOT,:@M@ﬂﬂ%akéo%%btvz%A
DRICIE 16+3=18 L /e b A, By, Co i NT 1 25)~Q2T) ICht » TR L TIH# B 5,
g Ity A7 & Se{Aw, Be, Cd KD X 5 1ol (Fu=— D" AQ) Mz 52 &2k » T
¥ AT sk Sol{de— BuD7' AL B.D7', Ciy=8.{Au, Be, Ci} TEHSI % ID v AF A LTS,

Table 1. (fcfZL, ¥ & * om0 TS TS, LIVEER

® 2.605D+05 ~1,303p+05 ~1.303p+0% -1,964D+02 9.834D401 918340401
1+361D+05 ~6.,8170+04 -6.817p+0%4 ~1.3380+408 6.,7000+07 647000407
2:350D+05 =1,174p+05 ~1.174p+05 ~4,2300+02 1.8000+02 1+800D+02

¥ ~1+43030+05 2.605D+05 =~1.303D+05 948340401 -1.964D+02 9.834D+0)
~6+817D+04 1.361D*05 ~6.817p+04 6.700D+07 ~1,3380+08 6.7000+07
-1+174D+05 2.3500+05 =1.17404+05 1,800D+02 ~4,2300+02 1.800D+02

* =1+303D+05 -1.303D+05 2+605p+05 9,.8340+01 94834D+01 ~1.964Dp+02
~6:817D+04 ~6.817D+04 1+361D+05 6.700D+07 6,700D+07 ~1.338D0+08
~1+174D+05 =1.174p+05 2.350D0+0% 1.800D+02 1.,800D+02 442300402

£

1D o~ T A Su {Au, Ba, Cu} %{5\0) t /LJ: ‘F‘fﬁ'}'ﬁii } IJ w2 £ > T CD v AF & S/[ {7‘(12‘(1
7[1;1, T, uBu, Cu a} Su {Aw, Ba, Ca} ~% ;@'{if g’ %0
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Table 2.
% 0.0 7.1‘120—0u 1e172D-04% GO -1.470D~06 ~1.470D-06
0.0 ,047p=03 1.047p=~03 0.0 ~1.0000+00 ~1.0000+00
0.0 u 6510-03 4,651D=03 2.5840U~C5 0,0 0.0
¥ 1.0000+00 . 0.0 0.0 0.0 0.0
0.0 ¢.0 9.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
% 0.0 {0 1.0000+00 0.0 0.0
6.0 ¢.0 0.0 0.0 0.0
a0 s} 0.0 0.0 0.0
g 04D ¢ o C.0 0.0 0.0
1.800p+G0 0 C.0 0.0 0.0
0.0 vt ) 0.0 0.0
0.0 »,.kooc 04 l.0 0.0 0.0
0.0 ¢.0 1.000D+00 0.0 0.0
0.0 G0 LeQ 0.0 0.0
. 0.0 ~7,6330-0% ~7.633D-0% L0 1,467D=06 1.667006
© 0.0 L000D-u3 -1.000p-03 [ 1.000D+00 1.0000+00
5.556D=03 8 c.0 [ 0.0 c.0
# T41720~04 (+172p=-0% ~1.470D-06 0.0 ~1.410p-06
1.0470-03 1.047p=02 ~1.000D+00 0.0 -1.6U0D+00
446510=03 N 4.651p=03 0.0 2.5440-05 [\IX¢]
* 0.0 1.0000+00 G.0 2.0 0.0 0.0
0+0 [} C.0 0.0 0.0 0.0
0:0 (A Lafh GO 0.0 00
£ 0.0 [} 9.0 U0 1.0000+00 0.0
0.0 0.0 G0 0.0 0.0 0.0
0:0 0.0 6.0 0.0 0.0 0.0
¥ 0.0 0.0 C.0 (9] 0.0 0.0
0.0 1,000D0+00 Cot C.0 .0 0.0
0.0 0.0 0.0 G0 0.0 0.0
% 6.000D-04 0.0 6.000{:=04 9.0 0,0 0.0
0.0 0.0 0.0 0.0 1,000D+00 0.0
0.0 0.0 0.0 0.0 0.0 0.0
% «7.633D=04 0.0 T 633D-04% 1.467D=-06 0.0 1.4670=06
-1.0000-03 0.0 ~1,00UD~U3 1,0000+00 0.0 1.,0000+00
040 5.556D=03 0.0 0.0 0.0 0.0
¥ T.1720-04 7.172p~04 0.0 -1,470p~06 ~1+%70D-06 0.0
1.047D=03 1.047p~03 0.0 ~1.000D+00 «1,000D+00 0.0
44651D-03 4,651D=03 0.0 0.0 040 24584D=05
% 0.0 0.0 1.000p+00 0.0 0.0 0.0
0+0 0.0 0.0 0.0 0.0 0.0
0:0 0.0 0.0 0.0 0.0 00
% 040 0.0 0.0 0.0 0.0 1,000D0+00
0:0 0.0 0:0 0.0 0.0 0.0
0:0 0.0 0.0 0:0 0.0 040
040 0.0 0.0 0.0 0,0 0.0
0.0 €.0 1.000p+00 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
% 6.000D0-04 6.000D~04 0.0 0.0 0.0 0.0 (18 x 18 )
0.0 0.0 0.0 0.0 0.0 140000+00
0.0 0.0 0:0 0.0 0.0 0.0
5 =7+6330=04 ~7.,6330~04 0.0 1.467D=06 1,467D~06 040
~1.0000~03 ~1,0000~03 0.0 1.000D+00 1,0000+00 0.0
0.0 0.0 5.5560-03 0.0 0.0 6.G
-y — e W e A Vs R . 7 - -
CD v A7 5 %FEH T4 Ae, By, Ce HHEL T 5 A, by, i 117l S T i FEH o deco
= o1 ke S ol B pm b gt = S ke DY WA L D
uple Ehfe v AF A% BIMTH I EMNTED, LI, Y AT ARORDEILE D
—AH, —HHDW T AT ADZODESMT decouple iz, RO FDD decouple Ihic
oy b N
AT AEEIT Ay by o VERIRD X DR E - T2,
Table 3.
4.230p+ ~6.473p+00 5.0750-03 -3.518D+00 3.457D+03 ~1.093D+03
0.0 o002 -3.090&02 4.4000-01 -3.0000+02 3.000D+05 0.0
0.0 4.9000+01 ~4.4000=01 0.0 0.0 g'g
0.0 1.000D+01 0.0 ~1.000D+01 0.0 0 00002
0.0 2.160p-01 0.0 0.0 0.0 14000401
2.1500+02 -2.748D-01 0.0 0.0 0.0 :
-1.044p+01 4+230D+02
. 8.6130-11 e
YL 0.0
0.0
0.0
0.0 .
0.0 (o 1
0.0 1.0000+00 0.0 0:0 0.0 0.0

Wiz, decouple TNtk DIBDD v AF & S{A:, bi, ¢} &
Voo T
F o ZAINCHK L C Fig. 4 O
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File

Hiite D, RWITECHL, EiEB

AT 9 b O R il -

Feoo o> fiE

ML e

I B

—a LTHAN, ZDOEE
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MoOGER, ZEME LT —051i/ 372, FOMoa —100, —150, —0.44, —10 & L7, {H
L, decouple Eife> AT ARMHLIHR, COv AT & SHCE 2 HOMES RAHEL (—
044, —10 DRLE) WEEL THDE I E0H- 7D T, ZOFERMTHAY T X8, = OFH-:

— 2D OIIR E NIz AT A Si{Bw Bay Coy 2B Bic k&, (17) XOFLD 2 HEHICH
ML, ROLBSCHEI N,

Table 4.

B 141880405 ~5,946D+04 =5.946D+04 ~8.906D+01 4,537D+01 45370401
64174D+00 ~-3,145p+04 ~3.16504+04 -6.068D+07 3,091p+07 3.091p+07
1.070D+05 -5.418D+04 =5.418D+04 -3.0100+02 0.0 0.0

¥ =5.946D+04 1.1880+05 ~5.9460+0% 4.5370p+01 -8,906D+01 4.537p+0}
~3+145D+04 6.174D+04 =3,145D+04 3.091D+07 -6.,068D+07 3.091D+07
=-5.418D+04 1.070p+0> =5.418p+04 0.0 -3,010D+02 0.0

¥ =5.946D+04 =5,946D+04 1.188D+05 4.5370+01 4,537D+01 -8.906D+01
-3:145p+0% ~3.145p+04 6.174D+04 3.091D+07 3.091D+07 -6.068D+07
~5.4180+04 -5.4180+04 1.070D+6G5 0.0 0.0 ~3.010D+02

L7chio T, AT &A% decouple L, 72D decouple EMFBDEDD Y AT AL
Folil AR R A X ol A5 2 — 21330 A) L vk X s EEI A,

L 5ol

i

Table 5.

& =1.417D+05 7.080D+04 7.080D+04 140730402 ~5.2970+01 “5.1297D+01
“7.439D+04 3.6710+04 3.671p+04 7.312D+07 -3.6090+07 -3.,609D+07
-1.2800+05 6.318D+04 6.318D404 1.,220D+02 ~1,8000+02 -1.800D+02

% 7.080D+04 ~1,4170+05 7.080D+04 -5.297D+01 1.0730+02 542970401
3.6T1D+04 -T.439p+0% 3,671p+0%4 -3.609D+07 7.312D+07 =3.609p+07
6.318D+04 ~1,280D+05 6.318D+04 -1.8000+02 1,2200+02 ~1,800D+02

% 7.080D+0% 7.080D+04 -1,417p+05 -5.2970+01 ~5.2970+01 1.073D+02
3.671D+04 3.6710+404 “7.439D+04 ~3:6090+07 ~3,609D+07 T.3120+07
6.318D+04 6.3180+04 ~1.2800+05 ~-1:8000+02 -1.,8000+02 1.220D+02

w
"
1

o

HA L decoupling l##1% 1 (BRI & 41 B IRABEHD 12 & o TiThe b B e ddic, Byl
DR AT A= 2%k (23), (24) X WRET D, FOEREYYTCRT,

Table 6.
B . % 1.3730+03 ~6.740p+02 ~6.740D+02 -1.219p+03 5.979p+02 5.979p+0p
’ -5.559D+04 2.673D+04 2.673D+04 -1.280D+05 6.318D+04 6.318D+04
% «6,740p+02 1.373D+03 -6,740D+02 5.979p+02 ~1+2190+03 5.979p+02
2.673D+04 -5.559D+04 2.673D+04 6.318D+04 ~1.2800+05 5+318D+04
% =6.740D+02 -6.7400+02 1.373D+03 5.979D+02 5.979D+02 -1.219D+03
2.673D+0% 2.673p+04 -5.559p+04 6.318p+0" 6.318D+0% ~1.280D+05
{3 x 12
' _ .
Y #2,439D+02 ~1.,204D+02 -1,204Dp+02 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 Q.G
# =1.204D+02 2.4390+02 ~1.204D+02 0.0 0.0 040
C.o 0.0 0.0 0.0 0.0 0.0
# =1.204D+02 -1.204D+02 2.439D+02 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
32 12
£ 1.2200+02 ~1.8000+02 -1.800D+02
-1.8000+02 142200402 ~1,800D+02
~1.800D+02 ~148000+02 1.2200+02 PR
=4
5. # & ®

PLEDFHRIC L Y, oS 2 b B v A5 A SR s Hu e ) @i s
HIRBEEERD 7 1+ — F 3y 712X T decouple T35 I L piEd b, OO EIHEICT 5
decoupling #4145 o & A CE 12, decouple Xj1te b d DO HIK O FIMZ L, 4 EL M
DEEIZ L DL D% Lo fops, FolMMEH A0 2 L LI Ch D, F1, = OIHEE
ARCTHGCRBETFH 2 F 4300 T, oy A5 A~ EHTE%,
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AT =Nl LB L DOORERE LTS L, BNEHEBC LD ODT R T 4~ 4
DIEAIFI—HTEEKREL LT b, Tibb, BMHEBMC LI 2L 01, v AT ACHiEE%
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Fig. 1. Neutron coupling between cores.
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