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Application of He Optimal Estimator to

Reactivity Estimation of Fast Breeder Reactor
Katsuo SUZUKI and Junya SHIMAZAKI

Department of Reactor Engineering
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 24, 1993)

In this report a reactivity estimator for a fast breeder reactor
is designed using the design method based on He optimal estimation theory
and the estimation results are shown. The He optimal estimation theory is
formulated as a minimax problem where the maximum "energy" of estimation
error over all disturbance trajectories in L, functional space is
minimized in the sense of Hw-norm. In the design was used a system model
which consists of usual-point reactor kinetiés equations combined with
a state equation of net reactivity driven by fictitious noise/disturbance.
Finally, we show by computer simulation that He estimator gives good

results In estimating net reactivity changes caused by various disturbances.

Keyword: Reactivity Estimation, He Control Theory, He Estimation Theory,
Reactor Core Dynamics, Optimal Estimation Technique,

Fast Breeder Reactor
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1. & Lo

BEFFEoHEERECE VT, FLOOERRGELESENICER L. LA SPORIGE
RESRELEBCRECREL TEVRAEER L 5 LRBEFFE2LELERT 5 L TE
EThD, Bk, BEFETRIRTHERSE. 74 =y ABRIFLTR Y 7 BREHF
Lo 3201 BEORICE THRER IR 205, ERDOERKICEZERT L L
OUBEHREOEVETL S, L L, FORGCEREETRT 2 C L RERT VR St
FEEZOHAES SBENEFLITHIEIRSLY, IOk ARISEHEEHRZEIL
{oDRARENTVE, TOTER bOREMBEFER LB O P EANT T ¢
BRI EDZHDD2OTESEY Y, WERPEFRESORBMSELZAVOTEH
EEBIAERNBELSMD S LIRS RETHDOBS FORECULDILVIRANS 5,
—%F. REOHEEITEFRESOHEMMETBTRLEL LTVOTIORRIWUEFS
N3, LbL. AA2r7 4 M5 REERZEOHHOBMEERZ bOTH b, FOLRGE
ERofAh SEEREGHZEENCERL TRHEINSBOTREV, AT T 4V
SERORNTELHEAREZRT IR VA7 ARTONRERZ 7 * MY » 7ICHEL
TERTISOEN LOTRBUETS 3,

&3 L, BMERICET 2AE &I L THEEBREORK” 22 4¥-" ZHeos N
ADBEWKTR/MLT S I 2wy 2 AEE LTERL SRt Ho RS EERICE S (T
EY RHCWTERFORCERESZHIL. ToEERREDLWTHET 260TE 20
¥, BEoN—sBStFER cREN AN TR S h 3 ERRICEORELFEXE
HAbE BT R AEERL. 5AShARHERCHGT 2HES CR/ETT 5, K,
HEBY 2 L—va YiREDEABREZIR, X7 » TR, 5 ¥ TREZVWREKFKRORIG
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2 . EiIEEE ORI EPEITE &5 DO EEET

2. 1 HoB@EESSORETEY

ROBTBALE Y R 7 2EEL D,
x(t) = Ax(t) + Bw(t) (2.1a)
y(ty = Cx{t) + Dw{t) (2.1b)

ST x(t) BYRFLARKEE, y(t) RETRHEEER T, w(t) B2 74408 (W) K
UEHAME (V(t) Mo BF~7 FATH B, TRbB, w(t):=(W(t)7, VIO)T)TE/, AL
B, C. D RBSTRTOFEFRETIITE 5,
HEONFLTIE (1) B (2.1) AORELHE «(t) ORERES

z(t) = Lx(t) (2.2)

TEAoNBEbDLT 5,

Wi, BEHEHD [HENRBOLH T SEEARMTHORS BT S L &o &
o, FEERABEEER B AT ORERORETHEE 7« Vs T8l L] OETE
A DohABOHERRITEEL 5. COEBR Y7 LA (H(s)) LHAMBV(GE)) 2S5
HEBZT TOENLOOREREEE Tuwl(s) & Tols) EFHLE, THTNORKNE
P Hu(s) & He(s)& LTRBLRE (J) 2ROLIRKEIERE VBRI TERTHI L
HTE B,

J:= ”T;w(S)Hw(S). Tu(S)Hv(S) “CO - (2 3)

C DWW Fig 2.1 0L CIBENNHoFH oy IR TRT I EBTE S, C
D—RLT 5 » b G(s) OIREEMERRRE L R 7 AoOREBEHE x(t)  AEMES H(s)
OREEMRROKELTHE xa(t) & LT, G(s) DREEEE x,:= (7 x")T TERT
N, AEL v AT 2. SIEIE e, HEE y LLTROXIE SN S,

i. = A, + BoW (2. 4a)
e = Lake - 2 (2. 4b)
¥ o= CoXg + Do (2. 4c)

1
1
A
Fa
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A  B-Cq B-Du
Ag:= By:= (2. 44d)
0 A« By
. ~ L P
Cei= [C D-Cal Dg:= D-Dy (2. 4e)

Au:= diag(Aw, Av), Ba:= diag(Bw. Bv), Cu:= diag{(Cw, Cv), Du:= diag{Dw, Dv)
C- ‘:.T'\ AW\VBW\ Cw\ Dw *\56,:6 AV\ 'BV\ CV\ DV ‘i%n%ﬂ%iﬁﬁi& HW(S)\ HV(S) @

ﬁsﬁ%lﬁ%ﬁ@{%ﬁﬁﬂ Rt
i, L BIROE ST 3,

Le:= [L. 0] (2.5)

Fm=m———— - - Generalized Plant:G(s)- -
I I
1 |
| 1
| |
] ]
i D T > e
§ |
i |
H i
! v X A |
4 |

v = H{s) B = (sI-4)! C p*
| N
| I
: '~ Actual Core Model :
1 I
1 |
] 1
| L | Y
| i
| 1
T |
4 |

z —————————————————————————————

Heo-Estimator

Fig. 2.1 Block diagram for Hoo estimator design
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2. 2 BHIUXAFLEFINL
X TRELOFNRIGESEEH®S & 3 AEAESREEZIERT 2 EFVEERT 5,
HE. BETFEORNSEHRKoBRIET 6 B 1 SFELLOBBEE 7L TR Y,

. ]
n{t) = B{p ({)-1)n{t)/A + _Ellic.(t) +§ (2.6a)
1:

Bun{tY/A - Ae (L), i=1,2,..., 6 . (2.6b)

H

eu(t)

T,
n(t) : PHFEE. ¢ (t) : iBEOERIRTFARITHER. o (1)  KIGE (8) | §: %
FH. A HIRDEFER () o B+ IBEBOBRGFEFRTEIE. 8: 28 A1
EHOBRTHFRITHBHETEE (71 o

WERRHAT A (2.6) REEREEKE (no, c10, Cro. ... Co0) DELETERR
(LRSI L 12 7 B OO HERICERRKIGE 6 REREZH &+ 5 ABMIZEA L7 KESE

REMFMA &5 8 OB FRARTICNRY %o

. 3

SN =(-B/A)SN + }:fﬂ./:\)aci + (B/A)SR + ¥ (2.7a)
i= :

8§Cc= A 6N - A:6C, (i=1.2,..,6) (2. Tb)

SR = We (2. 7¢)

£ L. S IIEEEERE (to.ci0) POOLEBHEEZEL. SN:=(n-no)/nos SCi:=( 1
A/B ) (cicio) /Mo « SR:=6 o Wo=BHEEF NV OBECBELRICEAE, HETH 5.
WICE IR 2 v A F L EFAEMRT 5. LOBM v X F A RRBWTHEENICITH
T BRERRTRTEESN 05 TH 2. EMONTHCHHAURSCRET 2/~ 0%
V(L) BB, CHESN KMENCMLE D ERELT, KDL ILEFMET %o

dz=6N+Y (2.8)

(2.7) & (2.8) RIFKELEH <7 b x:=(EN, 6C1, 6Cs, 6Cs, 8C4, 6Cs, 6Cs, SR T
CHEZIH vi= (F,, ¥o V) ELTHAIRBET S EROBRICIE S,

Ax + Bw {2.923)
Cx + Dw (2. 9b)

)
i

[
n
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T
-B/A Bi/A B:A Bs/A BJA Bs/A BJA B/A

A -A ¢ 0 0 0 0 0
A 0 -Aa 0 0 0 0 0

A:= Aa 0 0 -As 0 0 0 0 (2.9c)
A 0 0 0 -2 0 0 0
ls 0 0 0 0 "ls 0 0
L 0 0 0 0 0 -Ae 0
) 0 0 0 0 0 0 0
1 0 0

B:= Osxnt Dexs Dex1 (2. gd)
0 i 0

C:= [1 le'l]\ D:= [0 0 1] (2. ge)

Table 2.1 IRTHBMBEH <5 A - 2HVTHELA A OEEMLEEERETOX
At b

~17831.0 573.47 3664.8 3315.3 6940.1 2635.5 702.21 17831.0

0.0128 -0.0128 0 0 0 0 0 | 0

0.0316 0 -0.0316 0 0 0 0 0

0.1250 0 0 ~0.1250 0 0 0 0

A:= 0.3260 0 0 0 -0.3260 0 0 0 (2.10)

1,385 0 0 0 0 -1.3850 O 0

3.8400 0 0 0 0 0 -3.8400 0

0 0 0 0 0 0 0 0

Bigic, v(t)EL:, THEILikFELTE

2. 3 HoRILEMTERDOR:T
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AE TR Li=[0:xr 11&E LTEA S QAREHERICHIGT 2 EWRRIGE S REHEET 5 3
SOEEBRLHRITT 3.

DTSR A DAt

HERAIZES Hels):= diag(l, 1) Hvls):i= 1 EBEXATHREITLIBDTH B, (DL E,
w:=[], Ba:=[1, Cu:=[], Du:= diag(l, 1, 1) &BIFHE. (2.4 A5,

Ap = AL Byi= BDg = B Cu:= C, Dg:=DDu = D (2.11)

L2, HolfTBRADy OB/ME (vw) 2 0.73845 THoTo

1)MHEESS B ORET

WEREAR (RISELLIRIT 2EGESEB N & ] &0 BEHERRIEHE L TR s h
BHERTH D, CORHIREES Hols):= diag(3,8). He(s):= 1 &LIEHIETRTC
Lkt B, CDEE, Ap:=[], Ba:=[], Ca:=[], Du:= diag(3, 3, 1) LB (2.4 HA» 5.

Ahei= A (2.12a)
3 0 0

B|:= BDH = 0811 051! 05:1 (2-12b)
0 3 0

Ce:=C, Dg:=DDa =D (2.12¢)

E1E, HoltFEBRBD y OB/ME (7o) 1 0.845 TH-ie

2) HETEER C DERET

HTEECR [RICERTHE~OHUREOREE 7 + v $5 &) &L I REHERRICH
GLTR S NI HTEETH 2, COBREHEHRTES Hwls):= diag(l, 1)\ Hels):= 3 &R
BIETRTEWET B0 COES, A:=[], Bu:=[), Ca:=[], Du:= diag(t,1,3) &
20 Xd»os.

A, = A, Bg:= BDy = B, Ce:=C, Dg:= DDy = [0 0 3] (2.13)

L1525, HolFRCOy OB/ME (7a) 1 1.825 ThHo1o
NHEEI D D

COWERIE TAE L VB h 3 ERRIGEDZ/LD 0. 150z 2 ¥ TORKKFE
DEAHCEREE L, SRS 2BEME TR V2T 5] SVIFEHERICRIGL
THHTELDTH B, COLREES He(s)=(0. 1s+10)/(s+1) | Hv(s)=10 TIEPBIITE
FHLTo BE>Ty An:= diag(dw 0), Bx:= diag(Bw, 0), Cu:= diag{Cw, 0)., Dx«:=diag(De,
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10)&7 20 T, BELHEERLA—AYLT S ~ b G(s) OREEMER (A, 8., C,, D)

ook E 5,

Ce:

A BCk
0 A
[C DCsl

B::

Dy

BD&

B

~ -~

DDy

(2. 14a)

(2. 14b)

(Ar, Bo) DERFHEGTH] Ars B % THIEIRER LB LAR RSN OMIELEKED 5

BEAN S (CoAy) — TRHEICSVT bEBTS 5o E7. Db,

0 U DD.T =V

# 0 RESICHETE 3, U7 » FHERRSchur ORRED 12 L DBV, H#ESR D DRET
T 7 a=1.375 TH -7

Table 2.1 Kinetics Parameters of a FBR

Group No. B Aa(s™)
1 0.0001680 0.0128
2 0.0010276 0.0316
3 0. 0009296 0.125
4 0. 0019460 0. 328
5 0.0007390 1. 385
6 0.0001969 3. 840
B=2 B ,=0.00499
A=0.2804E-6
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3. BRIGEMETFFEDOETITEAEL > = = 1 — = = =

3. 1 FLagsEes

DEHBHEE 7L
(2.8) REBRBAL L ROBRIET 6 B 1 SFELOBRFESEXTIEBT %,

It

. 6
SN =(-B/A)SN + Z§BI/A)6CL+(5/A)p=x+(B/A)M (3. 1a)
i=

5Cc= A8N- A.8C, (i=1,2,...6) (3. 1)

#

FofZ2 L. S WFEEEIERE (no.cio) DOOEEREFREL., SN:=(n-no)/No~ SCr:=(A (A
/B ) ei=cio)/fo TEHBo 12w 0exs ¥ BRENFUAZREGER CEOEETRIGE (0
Fhe § BAT) THED, B 5 £ — 202 Table 2.1 KRTHETEHT 3,

) B SR £ 7 )

EEFOBE ARSI RROSTHEOEESE Fig 3.1 KR BHOF RGOS
D SFELBEE I VTP ERT | OB F + 2 VEREF » 2 v (1 KO#H
#) ELTEEL, FOF + ANVRSWTHRHNEIHIEE F VEMERT 5, CORBF + % v
OEEHE, HEV B LUBHMIcER L TRz - B - BB RTERET I LES
EENEMEAER (/- FHER) THRT. —%ic. BEBHOBES T X UKRHMO
BNAREEST IS SEMEERA L RL - TLOREETERRAMUE F 1L
> THENTETS 3, RUABNC 1 SEIL. EEHEICRE. HEM B LTS
1EEEpatmEo, - FABRK TR TS (EFEOviab-Ya TR n=3 &L
1) o B i BHOKHNERCBT 3FHUEHERARROBRICEL 5N S,

q; — (U L) (Teu () - Tami () (3. 2a)

(e (Ce I Te (1)

(Up L) (Teo(t) = Tae{t)) = Uz L) (Tami (1) - T:l(t)) (3.2b)

(Mt Ca ) Tt (1)

(Uail ) (Tae{t) = Tert)) = (WeiCe ) (Teu(t) = Tersa(t)) (8. 20)

(Me (Ce i) Te (1)

Tero = (Ter + Teenr)/2 (3.2d)

SCTUT (B (C) . q i #EEy—KBiD ORME (keal/s-pin) M 1 BEE Y
— KB OEE (kg/pin) . C : H# (kcal/kg-°C) . Ul : #Elh SEEM ~ORERE

__8_.
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(keal/m-s-°C) . U2 : WM H o HE~OBEFHR (keal/n-s-C) . L : FLEYE
(m) « We=7 ¢V : BEMERFER (kg/s) ThHd. BFE { REEE. 0 BEEME. ¢
BAEE L, | BEAELESS | FEOBFIBERERT. H-T. AL M 3EHY
0 | FHONFEROEEEEL. T, HEORFOBEETT

$£70. Too HEUSEERICET 38HHOPHBETS 5, 727 L. BEMEBERH
KlEE., HEVERELRIIoEHFIEEOMERL. - CTHEMBOERER T, .
ALDBER Tear BT 3,

MAEESAEE LESTERIC BT 2 BmERYN. LESZ—F&+hd, 6.2 X
BEBIC I B,

Tee(t) = (mqe/McCe) = (UsL/MC) (T (t) = Tac(t)) (3.3a)
i‘ml(t) = (UlL/MmCm) (Tf[(t) - Tm[(t)) = (UZL/MmCm) (Tmi(t) - Tcl(t)) (3- Sb)
Ter(t) = (UaL/MeCe) (Tac (1) = Ter(t)) = (mWe/Me) (Terdt) = Terwr (1)) (3.3¢)

MAEIOHIDEEAEES 0714 = 17 cn OEFRERET 5. LT Tt n=3 O
ZicoWTiERT 3,
AEEEDSEEMITIT> TV E0T, REEKSEI U HENICHRE. WET, R0
Bl ) THEZ, REEHIIRDOIRD < FATERT 3o
Xg:=(T:1,Tm1.T=1.T12.Tmz.Tcz,Tn,Tu:.Tcs)T (34)
—% ., HEATIBE N EREHMADBED 2 5T 5o

ut:z(P.Tcln)T (3-5)

ST, HARIFHEIELT 50M T P=1.0 &9 5%, £/, AQEBRE T = 370°C &5 50
(3.3) RETFHRROOKRBHERIIKROBRICIL 5,

;t = Aux: + Beus (3 63)

I
i
e
rl



d11

dzs

dae

Aei=

B::

H

it

(U1'L)/(Mz'cr). dz1
(Uz’L)/(Mm'Cm). dsz
3W/Me ~ (Ua-L)/(2-

o o O O o O O

323/2

dss

(Ul'L)/(Mm‘Cm). dz2
(UZ'L)/(Mc'Ce). a3z =
Mc-Ce)

JAERI-M 93062

0 0 0

0 0 azs/2

0 0 as
-a;1 a0

dz1 ~32z 211

0 asz: Azs

Q 0 0

0 0 0

0 0 0

by = b {COS(LaxLE/Lt) - COS((L/3'L.:t)R’/Lt)}
bz = b {cos{(L/3-Lexe} /L) = cos{{2L/3-Lex:) m /Le)}
by = b {cos((2L/3Lex:) @ /Le) + cos(Lexem /Le}}

b= (3-q)/(2-MCecos(Lexem /L))
L(=L+L'xl=L+0.17 (m)

o o o o

az3/2

daa

323/2

daa

(3. 6b)

(3.6c)

= (UI'L)/(Mm°Cm) + (Uz'L)/(Mm'Cm)
(UZ'L)/(Z'Mc°C:) + (3’“’:)/“;

(3. 6d)

L TREZEH 9 R, B#IAL 2 ROBMTZEHHEE 7V BTR L o WEHEN 3.6)
DEEBEDM x.oit u,o=(1.0, 370)T & LTEBI.

Xy = -A, 7 'Biu, oo

8.1
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LRE D, EEIGHODRERSx:= X - X0 EREXTH LT 2HERNR (3.6) Ao
BERCBVWTREILEELEM 0. (3.6) REF/EDSx. OREFMT LR L,

Table 3.1 IKRTFOLREEMEEDOF - 7 ZHVTHELL A Be ORENIHKMERK
DEHILIE D,

. <
0.423  0.423 0 0 0 0 0 0 0
1,111 -38.13 18,518 0 0 18.51 0 0 0
0 46.58 -43.79 0 0 -2.795 0 0 0
0 0 0 -0.423  0.423 0 0 0 0
A= |0 0 0 1,111 -38.13 18.51 0 0 18. 51
0 0 0 0 46.58 -43.79 0 0 ~2. 795
0 0 0 0 0 0 -0.423  0.423 0
0 0 0 0 0 0 1.111 -38.13 18.51
0 0 0 0 0 0 0 46.58 ~43.79
L J
(3. 8a)
157. 39 0
0 0
0 0
200. 54 0
Be= 0 0 (3. 8b)
0 0
157. 39 0
0 18. 508
0 ~-2. 7949

NEET 4 — Frey 7 KIGEETF I
PEHERE . WEVEE ., BIHEEOHBE BN E~ORERRICEY « — F/¥y
SHEE LTERE So THRENSORGET « — Koy 2 BAR,, (SB) BKRATRS
g

m
Athz (1/m'B)Z§a16T1[+am6Tm!+a:6Tci) (3.9)
i=
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CE T STeie 8Taie 8T REAFTABE . HEH. BHMOBHOBEDREERTH
‘E)o if:\ T T azli’ifﬁﬁﬁﬁ%ﬁ'ﬁﬁb\ ’CUJ{@’E‘TabIe 3.2 ‘:ﬁ:\"_é_c
Table 3.1 FFLBREOF -5

HH LS 1=<Fivd EHEOME

BEev1EHicp ORBE q keal/secpin 1.834

” PRI R/ 1R v n®/sec-pin 0. 849E-4

” W oHE M kg/pin 0.1420

» HEVOHER M ” 0.0312

” wEMOHE M. ” 0.0106
BEL O Heo#h Ce keal/kg-°C 0.07519
HE D g Ca ” 0.1304
PRENRF O L # Ce ” 0. 305
BRElDHE 7 kg/m* 10332.0
WE OLE Y m " 7950.9
BRI OILE 7« » 853.0
#E vy oROEIR L m 0.6
W R a ” 0.0027
e e AR az ” 0.00315
KR ENE as ” 0.0028
B A5 1 b OFEIER A n? 2. 0TE-5
oy SR AT B A keal/mesec+°C 6.2111E-4
g PAEAE AR B3 A " 4. 7324E-3
oy SEE L oA [OF St AR h, keal/m? sec+°C 1. 3564
WEE — R EME O B R RE he ” 24. 545
#E - EREFORERE U keal/m-sec+°C 0.004518
R — B R OMERE Us ' - 0.1506

Table 3.2 Reactivity Feedback Coefficients*’

Temperature Coefficient Values(Ak/k/°C)

Fuel + Doppler(a ) -6. 30E-6
Clad (o) -0. 52E-6
Coolant {a.) -9, 10E-8




TAERI-M 83-062

L) ETHE F
ropgBEsTiEtE S RBWTHEFEEHAT 2. EBOFHRICE SIS (VL)
BHAES CEMCb s E LTIRDE S iTEF LT %,

dz=86N+¥ (3.10)

3. 2 E#IF- 5 D&
EHTREFFE~OKICEANS E LTRORIGERSE (W) SHENUAE (o..0 18
FELT Fig. 3.2 7oy 7BRTRENIFHUEL 1av— ¥ s YETO, RIEMHEIGEH
WEIERIICD 2 & LTRO 4 DOHAF~ 5 () ZERT 5. BB, J OfheEE
Ial—va yTiRY Y 7AER (AT 10ns TiT -7
DEAIF— 4 No.l: YRFAHE () ELT (0.5¢) *ON8%E b EHRVGBEESK?
RIGESEME N BSOBHE Y L av— v Y2V, DEFRERES IS (0.2% fu
11-sacle) O EIBEEMA THAIF~ 5 &3 5o CH%E Fig. 3.3(a) KERT 5o
DEEF 5 No.2: KISEAE (o) ELT 5¢HR7 v THICHML LS OHHT
HEECHE (1% full-scale) *DHAMIFEZMATHAF -5 ELcbDTHL, CH
% Fig. 3.3(b) iTRT,
DHAF— 7 No.3: AE (pex) 55 1.0¢ /sec DEFED S v TRIHM L A& OhiETF
HESICH (1% full-scale) *OHAMEEMATHRF -7 L LbDTHL. LN
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Heasured Neutron Flux with 1% noise,<{estsmnlnB.m)>
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Fig. 3.3(a) Data No.l: Power change by white noise disturbance.
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Fig. 3.3(b) Data No.2: Power change by step disturbance.
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Fig. 3.3(c) Data No.3: Power change by ramp disturbance.
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Fig. 3.3(d) Data No.4: Power change by sine wave disturbance.
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Reactivity by H-inf estimator(A),<{estsminf.n>
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Scolid line: Estimated wvalue.

3.4(a) Estimated net reactivity by the estimator A with
y,=0.73845 based on Data No. 1.
Dotted line: True value,

Reactivity by H-inf estimator(a),<{estsmlnd.n>
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Fig. 3.4(b) Estimated net reactivity by the estimator A with
Y,=0.73845 based on Data No. 2.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.4(c) Estimated net reactivity by the estimator A with

¥,=0.73845 based on Data No. 3.
Dotted line:

True value,

Solid line: Estimated value.
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Reactivity by H-inf estimator(C),<{estsmlnB.m>

Reactivity

Tine(sec)

Fig. 3.4(d) Estimated net reactivity by the estimator A with

y,=0.73845 based on Data No. 4.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.5(a) Estimated net reactivity by the estimator A with

y=0.8 based on Data No. 1.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.5(b) Estimated net reactivity by the estimator A with

y=0.8 based on Data No. 2.
Dotted line: True value, Solid line: Estimated value.
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Reactivity by H—inf estimator(R),<{estsminB.m>
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Fig. 3.5(c) Estimated net reactivity by the estimator A with

Y=0.8 based on Data No. 3.
Dotted line: True value, Solid line: Estimated value.

1 Reactivity by H-inf estimator(A),<{estsmin@.m>

Reactivity

Tine(sec)
Fig. 3.5 Estimated net reactivity by the estimator A with

y=0.8 based on Data No. 4
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.6(a) Estimated net reactivity by the estimator B with

Y,=0.845 based on Data No. 1.
Dotted line: True value, Solid line: Estimated value.
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Reactivity

Reactivity by H-inf estimator(B),<estsmlnB.nm>
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Estimated net reactivity by the estimator B with

y,=0.845 based on Data No. 2.
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Estimated net reactivity by the estimator B with

y,=0.845 based on Data No. 3.
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True value, Solid line: Estimated value.
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Estimated net reactivity by the estimator B with

Y,=0.845 based on Data No. 4.

Dotted line:

True wvalue, Solid line: Estimated value.
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ncactivity by H—-inf estimator(B),{estsmind.n>
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Fig. 3.7(a) Estimated net reactivity by the estimator B with

y=1.0 based on Data No. 1.
Dotted line:

Reactivity

True value,

Solid line: Estimated value.
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Fig. 3.7(b) Estimated net reactivity by the estimator B with

y=1.0 based on Data No. 2.

Dotted line: True value, Solid line:

Reactivity

Estimated value.
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Fig. 3.7(c) Estimated net reactivity by the estimator B with

y=1.0 based on Data No. 3.

Dotted True value,

line:

Solid line: Estimated value.
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Reactivity by H-inf estimator(B),{estsnilnB.m>
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Fig. 3.7(d) Estimated net reactivity by the estimator B with

¥=1.0 based on Data No. 4.
Dotted line: True walue, So0lid line: Estimated value.
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Fig. 3.8(a) Estimated net reactivity by the estimator C with

y,=1.825 based on Data No. 1.
Dotted line: True value, Sclid line: Estimated value.
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Fig. 3.8(b) Estimated net reactivity by the estimator C with

Y,=1.825 based on Data No. 2.
Dotted line: True value, Solid line: Estimated value.
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Reactivity by H—inf estimator(C),<{estsmlnB.n>
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Fig. 3.8(c) Estimated net reactivity by the estimator C with

y,=1.825 based on Data No. 3.

Dotted line: True wvalue,

Solid line:

Estimated value.
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Fig. 3.8(d) Estimated net reaétivity by the estimator C with

Y,=1.825 based on Data No. 4.
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Dotted line:

Solid line: Estimz..ed value.
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Fig. 3.9(a) Estimated net reactivity by the estimator C with

¥=1.9 based

on Data No.

1.

Dotted line: True value, Solid line:

Estimated value.



JAERI-M 93-062

Reactivity by H-inf estimator(C),<{estsminB.m>
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Fig. 3.9(b) Estimated net reactivity by the estimator C with

y=1.9 based on Data No. 2.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.9(c) Estimated net reactivity by the estimator C with

y=1.9 based on Data No. 3.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.9(d) Estimated net reactivity by the estimator C with

y=1.9 based on Data No. 4.
Dotted line: True value, Solid line: Estimated value.
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Fig. 3.2 Block diagram of numerical simulation.
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