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Effects of Pitching and Rolling on Reactor Power

(Reactor Noise Analysis on a Voyage for the N.S.'MUTSU" Power-Up Tests)
Yoshimi TANAKA, Masahiko KYOYA, Takaharu TOKUNAGA* and Takuya MORI*

Department of Nuclear Ship Engineering
Mutsu Establishment
Japan Atomic Energy Research Instltute

Mutsu-shi, Aomori-ken

{Received February 1, 1991)

Present report is described about the effect of pitching and rolling
on "MUTSU" reactor power.

Using the vertical gyro and the acceleration detectors, we measured
pitching and rolling in addition to physical quantities from the nuclear
reactor instrumentations on a voyage for N.S."MUTSU" Power-Up Tests.

This data was used to apply a multivariable autoregressive model to
analyze the correlations between pitching-angle, rolling-angle, steam
flow (load), neutron flux (power} and primary coolant temperature.

Concerning reactor kinetics, we got a result that the.pitching and
rolling have no effect on primary coolant temperature and neutron flux.
It is found that the frequencies at high coherence between load and power
is lower and separate from the frequencies at the pitching and rolling.
The pitching and rolling mainly depend on the size, weight and pesition
of center of gravity of the ship, on the other hand the load-follow
characteristics depend on the load and heat capacities of primary loop
and secondary loop of the reactor. For this reason we interprete that

the design of reactor and ship of N.S."MUTSU" match well each other.

Keywords: MUTSU, Power-Up Tests, Reactor Noise Analysis, MAR Model,
Pitching, Rolling, Reactor Power, Primary Coolant Temperature,

Steam Flow, Heat Capacity

* Sumisyo Electronics Co., Ltd.
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(o | OFEFHFET I v PP TESREBES, MESBET, ASRAESH (5G) Kz, A
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maar (C) OFEyEEL, HKIEZ CERAShLEBEEEMEEERS L TERES &
h., CRAATEER (RY) 2N LTHREELD L LTRIHSh 3, FRFK, ZOERER
BEF a4 A (Cp) KHAT, BEAMEOMCBHRCLA LERERNLEL, ¥ 4%
A BT, BIERE TGRSV EL - TLEDT, bkt 74y b CFEI
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U i SR ECERE ¥ (Multivariable Autoregressive Model, LI MAR ¥ 7 /v
FEET) 1k BB BV S A ow T, MgicEihd 5.
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m=1
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D CTQRAZEYV (k) ORFHAFIOKTHE TS D, £B, EL ) REPHLEAELH
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BEHY (k)P A~y b ATFIERIE, KOLOSCELDR S,
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ST, kidEEREBEATRT, ¥4, ADVBAM IVHUTOXSERDBLR D,

D
A{f)y=ZA(m) exp (—j2xfmat) (5)

m=1

BL, Atix#y /) vy ERTHY, {dHEER ) T2, Swlf)id (r,r) 17
Fehy, O (i,i) BEs () 3%y (k) 0BAS T — A7 bAEE (LI
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—BBEKE Y TIRBEME, EEAEFECIEAERESATET A -TTT, AARKCE—
FEOBREAHLLHICETI LN, R, —REHKEY 7 OZREED LD OREE#R
PIREE HAAEELTWELDEFELLR D,

AR EIIRGRERAN, BARBREOEDAHKAEHERA T ERMOEDIE LES
Bi Ut b b EL BNARHERL, A/ PLRE—DOY— 2D, Z0D, BRI
FiERErRvHhPE /o b—2REREL, ELOERABL ZEHELER S,

3. RERFIMT & £ OFF

Ui SR EATER E 0 (Multivariable Autoregressive Model, LI# MAR ¥ 7 /v
EEET) & ABRAIRETIC L b B A oL T, MIRIRm 5.
—EREEREGCENIhAEE T — 2 0RT] [Y(k); k=1, N] #FE2 L2 LKT %,
EL Y rBo 7ot 2BE4ET <7 bAY (k) =[Y, (k), Yz (k), Y, (k)]
wHD, kKixF—r0H Y FY v FMBErEAL LRREZELTWA, W BEEXTRT. Z0
B Y (k)OBRSH, FnEEE LR MoRTOREDBECHEEn, BVICRBRBERER
DRDERTEL, ThOLUTOE >CTERTELLDET S,

Y (k) =2 A(m)Y(k—m)+V(k) %
m=1 .

e, Alm) AR GEITAITH 0, Fi, VI(k) RESMCRAETS, HEMKCE
ERY (k) 0P L EORBETH S, VIk) BRAEMLT, ,
E[V(k)]=0 2)

E [V(i}V(k)]=Q0d 5 (3)
S TQREEEV(K) OXRGHATTIOHTEME TS B, bk, EL JRBPHEMFELT
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DL ARKE iR, DB WFTHECENDIEINETT AT A -2 Thb,
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MAHEARETEB LD TH L,

MAR EFADARERAY v & LT, HETE APSD kfkc nMFEL 5 DOFFOROFIC
SETHET X D L BET BN S,

BEOHRGHTFIOHE[BQPROBEF LD LT 5,

Q=diag [qu, Qo Qs (8)
Z T dlag TAIOMEIERR LTV, B REF0#Z AT
a3 =E [Vi(k)Vy(k)] =0 (for all 1+3) (9)

THB, TEHE, ANY PATFEIO (1,1) BRRRDLSTELEY S,
Sy =2 HAGO D [2ay  (i=1.2,00) 1
COEBRR, B2y OAPSDHr BOMTE;; »HOFFOMTRINS I EEBRLT
B, I D THEES®R (Noise Power Contribution, LAENPC &BT) #RKATEERT Do
[ {A (£) 7] Bays

T, = ] = ,2’---
gy () S (i=1 r) am

EEM LWL 0 ST ()1 THb, [y {(f) BLLEVELE, BHEy OPLFDE
HEREESHETEV; THL I LK D,

@i o B AR EE AR F R e RS T R oL T, B LRI - gie @t h T
W BEH AT A D L Th S, ARETE, BAEMCETEAOBETMEZTOBRONS LT
AMEEL LT, hHFRERO REHARELERL, AFALERIHEREL LT SGH
ANHEHEY BN 5, 20k, ¥ LEoWEBCGTS Tr> ] BEFFof# - st
%%Kﬁbfﬁ%ﬂﬁﬁ%ﬁb,E%®§EK7~Z47FW%E,%%@®3t~vvx,ﬁ
sk, ANERSORAERUARCOVWTRIERERZTRL, [To] EFFOATERER
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RO — KB O TRRFIIT 27y, B8R0z e— Ly A, MHRUHEEEFFED
WEEA BV TIHMET 5,

BRI AT RACER e T R L2 D& L, BEILHHA Mo HlekywTh
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3.1 EFFEFERAT

3.1.1 FHETH
FAETRREBED (UBEETT 2864k, REBES] 2EMT L, BORTIC
ST HERETHL) ODAPSDENI— 7 RUNI— 81> TFig. 9w L, NI—9KUNI
10T Fig 10 kT, £4DE20APSDEEVERFCR (ETEY, RLEAMEK
Wi 5 X 10 He $ TIRO AR ARETL, $15x 10722 SETOFREAKL, SbIC
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