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Analvsis of Reactor Power Oscillation Based on Nonlinear Dynamic Theory
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Reactor power oscillations are discussed based on nonlirear dynamic theory with
reference to stability problem of boiling water reactors (BWRs). The reactor noise
from an actual plant is, firstly, analyzed by a method originally used for the analysis
of chaotic phenomenon. The results show that this method gives better dynamic
descriptor of oscijlatory motion than those from previous methods, and that it is
applicable to real-time monitoring system of the reactor core. Next, the low-
dimensional phenomenological model of BWR power osciliation is analvtically studied
using bifurcation theory, a branch of nonlinear dvnamic theory. From this analvsis are
derived explicit expressions for the steady state' s linear stability and weak stability
not given by numerical analyses, and the gqualitative properties of the power

oscillation can be better understood.

Keywords: Reactor Power Oscillation, Nonlinear Dynamic Theory, Reactor Noise, BWR
Stability, Real-time Monitoring, Phenomenological Model, Analytical Study,
Bifurcation Theory, Linear Stability Condition, Weak Stability Condition
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(545F % GAOROEBIAAFT T

(20, 04C vV, 26, Ve, u-ov, out..}

= O H20 (€, € JUV-C, @ v High-order terms (547)
s, BT
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=T, dEFEREEHgu P SUTIRL I KEEE RS,
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' Budv

Et B, (5.50RH 5 G.)RTFOEES L HE LESHRICRATLIEZ
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E®%ﬁmaanan%@@ﬁ@%kéwmum\m,m\m‘m¢£<t‘U77/7%ﬁu
Aﬁhm%muﬁ(hzhzmzh) (A2.6)

LEHSND, FENTy s OREMHINT— FEEN L - TEORBRDFERERI LT 2,
EA2 =3B DORMET F I 25— CEMLTI T 7/ 7 - AN b I AERLI EDVT T/
TR, A AOKRETHEANPMECH T ARBR L EFEORENLTEB L > Twb I &b b,
FAEIATORLAN, KTE U7 7/ 7HRBCIARS RBESELET 2. TT0Y 77/ THR
FETHNE, FEEM L TALHIES IPN A ARBHOBERAL LV KBEVOERELHD TN
PDTHRTOEREREEAEELCTERENL LR KTROTH B, Ty THRFBE
BE10DEDY 7T THEE0C kb, COER, HAFACHLTEEIRI (k> TLEIL
WRTEAN O B kb, THHOLBRTRY 77/ THRENE( Do Twd, J0L)RMEY
BT AT LR LV TOL I KRR EETED, VT 7/ 7HEEPREVSOPLENBE LD
@%qma£%\ﬁ%w&#ﬁ%mﬁnﬁ7§7%@xu@;5K%wt&?éo%@ﬁﬁﬁﬁ@bﬂ%
B or-s sOkDEIR—BCEER THN FRE T T/ TRTEV ). (TRVFRTLTHLH L *EE
LCBEF B RESRT L WO S A A BA T EARRIEL OF, HPFR( L0 THL (HEEE
TEEBEIATG, ) ThhL, cFRICLIRDETRNDbDEjEBLEY T T/ TR

D, = j- % 427
CERSND, YT T/ TRIEREBATY b 2HAF AR D ED A, EBRTONFAFRDVTHHER
REEHE LB EDNHEIOLENA TS,

DED LS CEEEENEROVT TS 7 - A2 P I ARROL I ENTERE, To—fLAILH
b e AIKE S TLE SN, B—RIKTEHNEE - THEQYT7 T/ T - ANS F T A-—EHK
B 6 kv, Y7 T/ T - AR2 5 AD—-BLRAT L N FELHEREEAL T 0H, TREHHI
TELEBEH L Tw A0 EEZICEbIPAb, WINCRL, Y77/ 7 - ARZ FITAPRK
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Fo T EHLTWIOMIERMEIERHICL I ZHEEIN TN ERFVEY,

A22 UTT/7HENOMES - BEEENAOIEHAORRER

U7 T TEEETRTERET 51, (A2)XERERE S € TA2LHRNOTEERET LT & 2%,
TRARBRL T ETHEV, V) ORRERENENY 77/ 7HREEOFAICRALTLEIPLTS
3, COMELREL-OFBEYL FRELAFETH S, ZOFERA2OHROx MO E T A KERE
A e =le ). &), ... D) ¥ BE, ThEHIEOBELIREERE €2, RERRSELHAD
REFVRORPEVWEERLTWEWDTY 5 A - va3y FOBERILICL DFLVIERERX Y MV
2 ROD, FLTCORS VOB A2OR L - TAUVBERES Y, CORFOI LA LIZL
D, BUER G A — = 7O % BT A FSALORTER SN T2 L) 2 EREOREREL S ELC

FHETED, CORERINYT )T - AR FIARKRDLIKEIBESIN L,

=1

. 1x .
M:Eﬂgfﬁ#ﬂw (A2.8)

Dol hAERstERY I 2 b-Ya vnd ) LT TORBESYRIETE COMFFEERL
WA BEA AN TS 2, EEORDSEBL NHRRT -7 CREATEL Y, IOBFILRED
AR L o TERRS ASET, vl LASES S A2)R0x, 08 L TFx0EFRFTENLD
HEEREDDL LI DT RS L 2 IR 6% 0w, L LET - DEFIER, 5 2x,0)
x LTS R A 03%,00 TR THRH LTS L T8 o AREHFADHILE > TS
S bbb, EooEHOEENRE FEOESIRT TR EALTNRAEATHY, LT LR
DTS TEREBPTELCRD L LHTELV, $ARENCRERORCAHEIFELAAHEO
ERRAEWENTLE) EZAAE RO LV, COL) LR PEROBRIIT— s P LRETI 2D
HECDBEED VT 7/ THEOATH D, EOVT 7/ 7HRETHIBERCRE 504, Lok
A, BAAREERHEON T 7 7EET e b RAY 77 7RELTH L, BRI T T/ T
ﬁ@ﬂ%&nm;@%ﬁ&ﬁ&#ﬁménaoEwnﬁﬁLtﬁ%%@%ﬁmﬁnmﬁﬁgﬁﬁﬁtﬁm
FhbLBEAYT T/ TEEOERICEN > T 720, (A2.2)F 2 b OBHE TRANFERY Lo,

! jog 30 (A29)

A = lim ~log—=
e )
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TOFETHBEERTILEL Y, S TEBREATESICRUT oS HRERN

h=é<m£%%ﬁ> (A2.10)
PERANTH LY JORTREVN AT L 2BREI R, TRBRHTEYF7 Vv Y TVERILED 6
nTwi,

I ITRA LS ERRASPAERCELET ARERNETILE S CE LTEATE 2R O
B DAENTHD, £ TRWBSLRNED LI 2 HERELEALEDTH D, FlXTT—- VY
RHE L ANBERES S IORAY 7Y/ 7HEZHUE LA PH 50, FOERER IR LI
TV, Tk B EFRSHRT TR BRE 7 — 7 TRIFFICHERWHET LV AUTEY, COTE
Y77 TREOBRFIBIIAOIEEYEL(EDOTLE . EB, E£F 5 EINSRROBEDRE O 77—
FENTEDNY T 7/ 78EES LESORHELR. © L LaFoARLTRENL L) LEoMOfFEE
Lo THAADELER, Sroniz7— 82y FEBLLL, BEEN TV, T b LIERTOEE
OERR GBI, ERATEHEThETOTHN FTORELI V7T 7/ 7HRBOITNICETHR Y
=R

COLIKAETCAE, VT 7 TEBOEFRHEEEI~OIRHOEARSD LI AHRTD, F
hhLEMATREE LA BEERY AL 0DATHLEELELX B L, FEOHLPENTH
COLEIUMEL R EdE kv, BES (ENERR. FERRFBLNL L) DR LLVOKK
B VA TEAO A P EREXLPIBELZEICE B EBbRE, ZRATYERM L HER
HOSELHEE LT, L - F— b2 by PRAy TV F 397 7714 ACMLPESERENT
Wi, CNEHBELFEORHEHEFNE LTYORERERS S LPRHPL LV, TOHELOLY
77 TEEREICLTEL, BRIFLTALMERS L EBbND, 72 BBV 7 M N FOFETE
ERERFP O TR VWENESTREL T, AR - FE o 2R R CHEMZ DTk o
TV THBY, $1o. YT 7/ 7HEOEEEL V7 7/ 7HBOYEH L EROBA L AR/
RERLTHY ., SBROMEDEREVAATHEIDEANAE(BLLI LB S B, L X HHEAR
HRFESIE, 43 THBS 0o EREsET £ 2oBel S TS ok b T — s LBEEIHE

ENATHHI,
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HA2 1 REHRT IS Z2FI—DVTT )T« ANT +I L&D

ThRFE— e A A D
B = — - — 0
BIERS 0 - - 1
HEF A8 0 0 - 2
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1433 F v THIEAICE T Bnormal form D A E 4 E1EH

CETHMEE LTV ARRT T RLEHEATEEIC L BRI Teb b0 LT, &HETT
BEh, FNLILETH, BLEREROKAOTHELF LT LI VO TE2)B LUTGESHA, Tk

U 3: SENE R

u=-av+f(uv) (A3.1)
V= ou+gu,v) - (A3.2)

DI LGEEREFESACEZRETS, ST, ERE RS2 BEERI L ) IRTAHE BX 0 O BF
KHELTWE, & EMESNAEBEE BV, I O ThEIRBEIS L g RBRE L L. EXP
SkREDREVEEHERET K

u=-v+f (u,v) (A3.3)
v=wu+ g, (u,v) (A34)

Y b, DO THEHELH

u=p+ ¢, q (A3.5)
v=q+y(p,q} (A3.6)
%#FZ D, b ORERES I

u=p+%gp+%%q (A3.7)
+=Q+%%p+%gq (A3.8)
e (A3S)—(AR)RE (A3 L FAIHRIAA L, MROHE ERT T

p=-wq+f (p.q)+0H({p,q) {(A3.9)
g = 0p+ g (p.4)+ 0K(p,q) (A3.10)
L, I

H(p,q)=—w(p.q)+{§gq—%p} (A3.11)
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K(p.q@)={p,q)+ {%%q—%g-p] (A3.12)

Thb, (A39B LTFALINRKN BV THEBEFHELL LI KeB LTy ELE I EHTENTRRTO
TOERIERS LS,
PRI k=20 ErEZDH, DL E

¢, = op’ + Bipg+ 7.4 (A3.13)
y(p.Q =azp’ + Bpq+Yod (A3.14)
Hp.Q = ap” + bipg + oo ' (A3.15)
K(p.Q) = &,p* + bpq + & (A3.16)

LB HTED, SRLDRE(ALIDS & FAIDRIR/RAL T, FhoDFLNP, mB L F¢n

BESELWEBITITUTORESEO0 2,

a1 [0 -1 0 -1 0 0o
b| |2 0 -2 0 -1 0B
q| (001 0 0 0 -1y (A3.17)
a,| {1 0 0 0 -1 0o,
b |0 1 0 2 0 -2B,
c;] 10 0 1 0 1 07,

FEOFFIEEINTH Y THRROMER-9) . Lo THENMZBLUyR A5 RT LIS HRROBERT
NTHETE B, |

%L:\ k=30}j§%%%%—i%o :—@t gq)\ W\ HEJ:UK%

0(p.@ =P + Bpia+v,pa + 8¢ (A3.18)
W(p,Q = e + Bp’q+¥opd + & (A3.19)
Hp.Q) = a,p + bp’qg + opq’ + 4, (A3.20)
K(p.Q) = &p’ + bp'q+ cpg’ + &q (A3.21)

FB . k=20BA ALY ICEHEL, UToRELXHEL,
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al 0 —1 O O —'1 0 0 O } 0.1
b, 3 0 2 0 0 -1 0 0]B
cy 0 2 0 -3 0 0 -1 0}y
d, _ 00 1 0 0 0 0 -1} (A322)
b, 01 0 0 3 0 -2 0B,
Cy 001 0 0 2 0 -3y,
d;/ |10 0 0 1 0 O 1 O 18]
COFTFIRTERI T2 <, (A32)REFHI 5 L7,
3a,+¢,+b; +34,=0 (A3.23)
b, +3d, - 3a,- c;=0 (A3.24)

CREEXND, LoTa, o LB LPGHMTICRETBIENTER Y, by, d. B L UFGbEHKTH
by thbb, Whh AEEERIIL o TLIRDERBET 2L TELR Y, LALENETNOER
OME (ThhBAR)B LTFANR) TAPLEPIEHENHFERL TV LT,

£,(p.g) + 0H(p.Q) =ap - bp’q + apq’ - bg’ (A3.25)
g:(p.q) + ©K(p,q)=bp’ + ap’q + bpq’ + aq’ (A3.26)

2 AT aB LU B I FAFNOEREERC LN TE S, EXH (A998 L FA310FIITA

Thif
p=-uq+@p-bq)(p’ +q7) (A327)
4= op+(ag + bp}p” +q%) (A3.28)

Yt INREESEr =0 + P BLUO=tan @il L o TRERETERT LT

f=ar (A3.29)
§=w+br? (A3.30)
Eh A, FRh ey FOREICHET 23% F TOnomal formTH B, T O—EEFIEG.56)B L FSSTRI R

HIEXFHLNT WA,
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