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NOT FOR PUBLICATION

A STUDY ON FUNCTIONAL QUALIFICATION
ON FBR SODIUM VALVE UNDER STRONG EARTHQUAKE CONDITION (III)

ISES Committee 19
l9lG
Chairman S. Fujii**

ABSTRACT

safety related active components of the nuclear power stations should
be well designed and evaluated to keep their functions during a strong
earthquake and increase their integrity of the function.

This study aims to establish a design and evaluation guideline for
the functional qualification of safety related FBR sodium valves under
strong earthquake condition by paying special attention on original
features of sodium component such as thin wall structure.

The study began in 1981, and phase (I) and phase (II) work has already
finished. During these work, the fundamental philosophy and schedule of
the experimental study was established and the analytical and experimental
method to establish the evaluation method for functional qualification of
sodium valve were studied.

In this year, the evaluating items, the measuring items and the load-
ing conditions of seismic experiment were studied and also a fundamental
model test plan to evaluate the characteristics of freezed seal has been
made. The aseismic design features of the valve actuator were studied and
evaluated based upon the vibration test of the actuator which was performed

by the manufacturers of actuators.

* This document was prepared by ISES Committee 19 under the sponsorship
of Power Reactor and Nuclear Fuel Development Corporation.
** Tokyo Denki University
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Mode No 1._

28.6 Hz

Mode N 2.

Mode No 3.
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SG 3 # @\ L o®m | st EoFms 3
B $H SG 4 @ F MW E F | BIEARESGED 3
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ar = (2= xF) /W Wl
ap o BRERERIERL ( G )
S, FMEOFETORKES (ke/nd )
Omax - ISTHENTRERD OB SN/ BAIEST (kg/nd )
F o Oy ZAE L/ BAWE (ke )
W EXEEER (ke )
(1D 67 o e FHOTIARR N RO RBEINERE I, R3.2-10XH1LE 5,

#&3.2—1 FECERKADRENSEREERINBEE

# % | 22B 12B 5B 48
H OH BED NEI54FE | YRIFo—TR| TR | YRS u-TH
S, (kg /ud) 21 21 21 21
Comax (ke /ud) 7.3% 107" 40x 107 4.0%107* 8.0x 107
F ( ke 1 1 1 1
W ( kg ) 362 265 50 40
- g ( G ) 79 20 &2 105 66

&ED #EHESEHRUNATRLALDER—THS.

E2) 12Bfoffire Fr3B0 s XBEERIGEWERE LB #E L, BOILEE L
otehd, BBRETIR Ava— FEEEAESC LDENRPEET S EHC, HELD bbb &
REC UL EPEES NS,

e, BEREREREST 53— 7ice LT, MHBRRORALZFOKRAELORBREEA
BEo FEOMEEOBZEE LT, da 2HBMQXL RS

|08




_F_ §,xZ
i A S &

ay 3 — o DR B ERBE DI ( G )

Sy 1 -7 HMBOFETORNET) (ke /md )
F o 23— 78HEBE R 2REMOMTRE (ke )
W BT ER (kg )

Z o 83— 7 HEERE ( m®)

{0 ERERELED S 3 — 7 HRRAREEEHRE TORE (m)
2R 518 5t 3 — 7 MOFMERERE AT B 1T 2BRBERILEE L, R3.2— 20K 515, 25K
DFMETE DT — 7 MEERIL | FORRKBESB|A TS0, HENTEEZRL THHHFITLBH,
L ORISR ZIT > Th, MHBRARAICE S 2WEBHMEE LS G LB LRUEVREBELTH B,

#®3.2-2 I-UWMCEHRKOBENSERIERMEE oy

# £ | 22B 12B 5B 4B
IH B &D RNETSAH  YRF TR FrooR | YHIS9-TH
Sy (kg /ud) 21 21 21 21
z ( ot ) 4.94x10° 1.24%10° 1.37x10° 8.37x10*
! ( m ) 1037 882 572 440
w ( kg ) 362 265 50 40
dy ( G ) 28 111 101 100

ZD EAESERRTRLLbDEA—TH S,

£3.2-1, £3.2-206bh 3 L5 CL2EMNRARTIE, FOEEGHRLD S, WEHHAHOFTF
BINEE (5 G ) ItV BMERBOBRAESREINL T LI, Zois, BRERTZELER
WESREILS,

3.2.2 HEFECHHBRESZISIBEERKANERF LN

HERARRTR, HMEHCEE,LSAMINAIRAR L E2HFOBERROTEFERLELSE, CO
te D FRADAAIEIHC & 5 RESBHD A EIRA L 15 5o

—J, BAPENGEE LAMITIER 01 5 TRE—EROREODICERELENERT 2HEL
RREZTHEEEEANTH AT EEWBATIILEELTHS,

Z T T, TCTRAFIRET AERIEFHERIGIEBL HERNEBRic L VEHE L.

109



F}U@RMﬂJ=—£&—XF(MRHT) (3)
Fp (MpXidTp ) : HO—ICBRDET BEER (M, g, 0 ) (kg)
Sy D MIT IR 501 SHREI & 3 7rF8 OBIRIETT (ke / u )
Ormas ISR RS 518 b BKIS S (ke /i)
FOMXBT)  0n 2587500V BREE (k)
RED B oI FHBBEREEZ AMEFp (MpE/3 T ) RUMITI &5 501 Sk 20K A
{E%%3.2—31CRT.

®3.2-3 FLEUBREEZBIRERNHERUMITI
ER0 BICKBEERINE

 &| 22B 128B 5B 4B
B H S EEE Y8 o—-TH Ty YRS o—TH
o &5 sy | BH | By | &0 | g | |O | @ | di | R Y | EA | B | Ry
kg | kgem| kg*m| kg |kg*m| ksem| kg | kg*m| kg*m| kg | kg*m| kg*m

FO—EBRIRT BHE
Fo (MpEF-13T5 ) 75,000} 31.400( 35600} 42,000| 5300 10,500 5300 1,100| 1,100| 5,700 500 800

=501 S5 1 @HRoO
v RN & & 111,500 30,100( 60,200 43300 6,600 13.200{ 189007 1500| 2400f 9500 500 1000

gt

F3.2-3L0AO—MEBATIRER /L MITIESR015X— 2 OR BITIZIFE L,
TN TEBSBMENL > TB, LHLES, BEERNEBBRTH b )Y 2RRBREAGEDON S OEHH
ORFMLEITHD, =7 ofICBEERTCR L THEEEHAE2TIENEALLNS, £-T, #
WEARFOFRAAGMNEEIMITI £/ 501 SOE—BHR—ROMEET 5,

3.2.3 HEAOSEHEIAR

3.2.1H, 3.2 2HTRULAHFERCTOEFICTEBRAE5IZBMLSud oBET LR £
AR ABROMERRT, UGN TEREINIRBLHEOH .

& -T, BBROEMIEFLE LT, RiLEDREBETV, TORSEHNERBRETIHL T2,

3.3 2UBHERRBOFEARSE

LESEESARE, HEROBNWEAMRELPNTERES BRI TEEL, fHEOMEYE, FE
D v — N, FORBARRENL KI5 A HERNEOREAFAICIBET 3 7-0IfTH D TH 5,

10



ZCTHEHAMNICE, ROX>UBEFEEL - L TREELRTET 50

@ HWRHOFROBWLEEREL LRI LT RIFCBEETE 2 X3 SANRELRET 2 LENS
%o

@ FHERRIOH U TEINC K E SEEE 52 2 HERD 2835, |

FHATEHRTE, FEASESER L LTEANCE, FEAFNRE—FRANIcIDELTHYF

ET 5, TOHBIIKRDODBED TH 5,

O BH—WEAWILIRORERNE, BEO—HUBEEELE LIBIRELLOTHD,
ERFORERSTLHE L EARREUENSBE,

® KRSULHR-HEAMCL-T, FEEIBEOBRSULIHALTEIE, EHTHRES LI
DEV LSV TOEGHELL 2EELEMicak B3 LEi 0035,

® HREREZMHTEG, B—FEER0ASRERICRIFTRRBEFREAEET S ETERET
H5H,

3.4 HEBEHELANILODOBRTE
3.1 i~ 3. 36 TR LAAS, BUIC2. 1L 1HTORF v N—{IHONEHEDRITEELE S %
T, RRARICRTIERWTEL A AT EHBEERO L SHITH B,

3.4.1 M
ZFEMERRRICGAIPIC S X 2IEE L~ ViR, 318~ 3.3 HIORFBRL SROX S ick
REN5,
' (&1 (&2) (#3)
{mgﬂ%mg} 3 [ﬁt # A @J 3 [EE@U%EP\J%B@E#E}

TR L~y MEE L~ | = | IS ($H5G)

(BF1) zrRFvvavoy FRE0sBrryaficd LT, #FEOBEAMEEEZRNSGET S,
(H2) #5GCONMERE LT, BREEZML 5 IBSICEBREYMEE AR AREEEA S,
(3 ) RFgS—fFEHFICONTIE, EREOIMBEL N LEFET S,

(1} S&EMRABFOETLRRLE L TOMEL <V
R (D RO FIHCHE » TRO L EROBEMITFERL 0, RERBFOWEV NVERET o
LI, S#EAC L CKRFHRBIFORE L~ LVREEFET T,

) 22BNy 7344
22BNy 954 FOERCBI LISERFTFERLE 2T 2 1.2TBOE 2.1 —10KRT,
Efpid, BRTRAF 9 N—ZBITOEE, R+ =200 FICABREERT 5 0. £

b



ENEE2E ORI BRICABTINEE v Rrvbiafl, FiEFZRESORE L NVERET 50

@ 12BY®IS0—7H

12B Y87 0 - FROERIL B BIGERITEREEE 252 1. 2 HOER 2.1 — 12K 7Y,

FREERZRTERF 9 - 2RI TOEH, R v =20 FEREERT 200, EREE
MEE SO IBICHBERIEE L~ v T L, EAARBOFMEL ~VEERET 3,

by 24BW RS

24B L FOERC B AEEITEEAE 2521 2H0E2.1 —6ICRT.
At RIROIDEEAERIC LT, ZEZBREOTELVAVEHRFET 3,

] 4BYBRSo—F
4BYHRIF o - FTROERICBT BINEMITERAE 252 1.2 HO0X 2.1 — 8 itFd,

I, ERTERF v N—RBUITOEH, R+ =T FRRABEEET 2 720, ERT
DOIEIE A, MEEAEET S L5 KRR EL N VAERTET 3,

W bBBrrsaf

5B 7y IR RICBT AEEBNTEELE2E2 1. 2H0EK 2.1 — 14 R,
AL, RFROHREEEZEARIC L CTETRBHEORHE L NLVERTET S,

(2) 2EINRABEOEAREL NLVOEE

ZFTRABFORAHE L~ i, SEEFCHMOBIIRERNIC S 58 5 G £ TORPADIE
BEr~wgHllEd 3,

3.4.2 ehkiFEAERR

2B EARBICHARICSZ 2 BHERR L ~VEHE 3. 18~ 3. SHORMBRLSROL S
KRR 5,

o MITI %7 501 BH—HHoRtmE b

[%g%wﬂg{mﬁ#@
o AR R L U B

mWEL N T fﬁﬁlﬂwu} =R/Ma
) HL, 2FEEIRBEORBTANEES LTE, MITIS5R501 Stk 3 SEHEBRS .

(1) SEHHERBEOREL~L
LAHHERBL, 2HHARGREEERITARCKS SN, UTE42ORREONE L ~VERSR

12




O EWCRT,

M) EERERR R
2 ATEFRBRIIC S O TSRS ONRHE ( F LGN ) AT~ ZRNEOREELLI TiRTT,

i) 22B~g754%

22B vy 7 5 4 HOLEERRABHOERT T L DROIMERIENFE, RUBERRHED
BWHEREER3 4 — 11RT,

AFPIE, REAE L RBEAA TR 3. T S0EN S 50T, ARHERSTREICE
ET Be £, FREERTRRF 9 N—2RUITVEOT, EREENEZLEHE HEMAYSFEE
LERBIET EEHENNORET VL OMAMBERHSTE L L TRET 5, i, EhENRER,
T DHEOEMZHZERIILr — 2 OB ORAIMEMED SRSS L DRKHTW 3,

BEARGOAFFEREL, 3 —/TPRMBRCERIWMELDEET 3, @, BELLTHG
HAFELRT,

(it 12BY®So—F9

12B Y# 7 v — TROLERAABRKROER T F VL ORO - MERSHE, ROBESRRO
HAMEHEE%E 4 — 210RT,

AP, WEEHRE RREASROHMTHEICH L7 50EPH 50T, HEAREOARHRER
BREFEEBICHET 5. %/, ERBERTRAFT v —%2BOTHWEDTERELEMNELZEDE
ERABSWER SO THHIT LTV 305, HiEORESEE5HHAOFMAET VY, ThimEs
ASETRELT 5.

BEARSOAFHEREG, 22B 751 HLERKET -7 BHREBKCELMFELDE
Hho E, BEELTEGCHYMELR 4~ 2IKRT,

il 4BYRIOo-FH

4 BYHIZ o - THho2FEIZRBEOER BT A HEHANTE, RUBEARSOBWHE
HifE2&R3.4-3IImd, B, 55&LT5GHAFEbRXICRY.

w 5B7 i |

5 By v S nRoLEERAROERICE T AMEHIEYGE, MNUBERSREORHREBE
F3A— 4L, M, BE L LTS GHEFEbRIFZRRT,

m BEERAHE

(i} 22B~y 73514

22854 7 5 4 FORBERDHERICE D 3ETFAREOAMNE, ROBESRISORHNEBEER
3.4 —5ITRT,

13



14

R3.4-1 22BNRETSARSHEDABRSOAHE

GED i D E BB T (k) (&2 (E3)
1 EMNEYAE (ke)
A XA M Y 5 @ ZH @ | SEES
o E Fx Fy Fgz Foq S | | FEREA A
P ® 463 983 339 1138 3026 1,286
ki 4 E © 8003 | 2702 1303 | 8547 | 4080 1232
(E4) | # 1 19100
BRI E B FE k)
R A e EE I — 7 7000
BERBED 5 G M8 % ® B (ke 2480
HARERE BRI ﬁg{l; * ﬁ 26299
‘ SRR RIC T B A (ke
%ﬁﬁﬂmg SR 2.690
5 G MW Y & O#F (ke 24490
(FED) HHAEHRERUOKEL, BEEd (@500 oz sh a8l hisid, i, OSofEid
BEICTT,
(E2) BTN, Fop=vIx’ L p P ©2h 5
(#3) HEALHOERUVOLIWEHE (@H) LOBRKHEERICESYT 3 HEETT,
(F4) B2 -22icpmdin AR L b, EETOBRIEHT( 21.0ke/ ) EAWTHEFES 5, 3
- S HOBESHENERFH 15 L TRE=F 20 TESE,
(ES5) HETHEHRICKE2HRA, BAICHEBHEICR 7 v x—2 BB LTS,




%£3.4—-2 12BYRSO—THEBEERBEOANNE
I¥ B GE1) Hh = R IE B B (ke) (F2) (#£3)
ENHEYHE (k)
i A & R X 5 @@ Y 5 M Z A E | &8EhH
W OHE Fy Fy Fz Foq TEBE A Ml | FiRSE A
SRR OME ® 1897 | 1251 463 | 2319 1231 354
BAESEE © 1150 987 1240 1958 1754 1034
(FE4) | Fp =] 7920
EREERIC B S E (e
MR A O] a— s & 3110
%E%ﬁ%ﬁﬁ@ 5 G *H % ﬁ E (kg) 1,5 20
RARERE Bk B ﬁiﬁ&“ s i 15000
; g VW E S B ()
mEEASA 2 -2 % 4790
5 G M % #H #F (ke 1610
(F1) HASHEORUCOINML, SEHEA (@A) 2o o8 ET T B, OEOEE

BE T,
(2) BHEAE, F.,=vFx +Fy +F; TEDHBDo

(&E3) HIABHORUOLRHER (@R ) &ORAERNELMICEYT B HEERT,
(&E4) 2.1 25T RT I HTER LD, BRTOBRRIES( 21,0k /o) ZAVTEEYT . 3
— 7 PO EFIE/EPHRE 1.6 & LTREFNVERAVWTRE,

(#&5)

ELTRE®ACKE2HARCETARIRRF v~ —Z&HEL T A,

115



#£54—-3 4BYRIN-THLERDHBRFORMEE

Iy B ih BE Ry S A B M 7 (ke) (#2) (#3)
ENHYTE (e
Hi M & B X 5o YA m Z AR | &8N
s &\ Fx Fy Fy Foq BR[O | HiSEA TR
ERROHE ® 58 68 37 97 — —
B 48 = 6 © 50 68 30 90 - -
() | fH 3290
WA MNE | BRI E 5 mE ke)
BB R D Ao7H® 3010
BRE g ;
3 - (F4) | il 2920
IEEAAE | Saweiic e 5 ()
a— 5 260
(#1) HELHEKRUOCIHL, HHHE (@S »oMmi o 58 HART, M, OEOEE
BEICIRT o
(H2) AWWHE, Foo=vFx'+Fy’ +Fg° TEDD,
(#3) BREMBRUOEREIHN (@E ) & ORAEEEAICHEY T 2 ELTT.
(#F4 ) BE2A1-19CRTIBHENSRL 0, BSETOBRRIES ( 21.0ky /o) ZANWTEET 5,




£3.4—4 5BPUITLASGEIHBEOANEE

5 H (1)
iR 5 i h (kg)
(FE2) (#3)
X F & | Y F @A Z K M| | AYEEH =L
ZFHOME
i—;ﬁ#% %@; © Fx Fy Fz Foq Fogf
44 154 26 163 126
(#E4)
) RBBRICELSNE (k) 4700
HBEERE D o
AMmEEE
5 G # %N & & (e 400

(A1) HEEHORHLT, @lh o b3 B NERT,
(B2) BUHNF., d, Fo=vFx'+Fy +Fzf TEDE,

(&E3)

Feq’ =M¢v 'Eﬁb%o

(HE4)

HERTOBRRES( 210k /of ) ZEHEL -,

11

BUEAF,, &, BAGOEEM (5% ) ERU-4TRLAQEADOAM#EREayL D,

117



|18

(i 12BY®BSa—FH

12BY® 7 o - 7ROBEER TR TR ORMNE, RUBERRROAHTERES
£3.4~6ILRT, |

il 4BYBRSo—TH

4 BY® Y o - 7HRORERNWRER BT S5EIHRROERNNE, ROBESORNEEELE
3.4 -7 T,

ivi 5By

5 By v I ARORERAABROHE I ZICEHREE, REEE0VFNERART AL > TEN
HFOEIL R - B BE L, FREAAMREGIEE - TL %,

- THHARTHE, AERERELH, IAKEEARTFE—2 v+, Y- * Y 2EFHTS
FHHELT, RRRTERY —2%52F L1,

5, MEEERERS, LiE4ED oOMBEAMMETIAE, S8 BY OATMEXSNREL B0, R
HE—A Y b RHERFULER, B34 - 11TRLES @Y AN TR FiEd 5,
Eh, WP P ~F; OMBESHREW~BRIcRT,

|MYe

Fy =max. { |Fl, } < max. {IFXfI’«/lng|2;;|Mw|z} ............... (4}
Fp=max. { |Fy,|, '”&J }gnwx.{|pyf|,|ﬁgﬂ ,'ﬂgf’}
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