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Plow=Induced Vibration of the Fuel Assembly with ¢
a Hydranlic Hold-down Device ,
(I) Experimental Study on the Vibration Characteristics

Yoshlo MURAD —
Divlsion of Reactor Safety, Toksl, JAERI S
(Received June 27, 1975)
The results are desciibed of the experiment on vibration
of the fuel assembly with a'hydraulic hold-down device, using
a flow test facility,
The following Were measursd : a) vibration mode,
b) wave-form of the vibration, c¢) fregquency spectrum, ;
d) statistical characteristic of the vibration, e) effect of %
the flow-rate on amplitude of the vibration, and f) vibration E
characteristic of a dummy fuel asssmbly. :
The concluslors obtalned are summarized as follows.
(1) Vibration is rendom and cﬁpable of statistical treatment.
(2) The vibration is of two modes, 1.e. resonant and R i
non-resonant.
(3) The exciting source is probably fuel bundles, and »

vibration 1s caused by turbulence of the flow.
{4) On the basis of the measurement of vibration as f
a funcetion, 1t is found that there exists a threshold value of

the exciting force for cauaing the vibration. g
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Table 2 — 1

Main Cilaracteristics of Test Loop

Max, Pressufe O ate. at the Expausion Tank

- 7 atik at the Inlet of Teat Sectton
Max Temperature 90 T
Total Water Capacity ~1m'

Circulation Pump

Head 70m

Flow rate 60m® “h

Type Voluts type with 7 blades
Heater Capacity 30 KW
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Table 2— 2
Spring Constant of Compressing Devices
A 1 2 1.4 { Kg/mm)
Mm 2 2017
A 3 207
M4 4 230
% 6 214
S 6 222
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RMSREHOHENERE CLHRIED 1.25Hz U TORDPOEERES 3,

3) Ay
BEEA <2 vREDOREHOERLZERL T, ROL O ET o 22 £4T 54T
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Date Recorder Band—pass Fiiter RMS Pen Recorder
| lea

lch lch Voltme ter
leh

(F~F+4F )Hz

OscilloscoPe

lch

—RCEA T 25 AT, BERSERMTE LTS LEET 5L, ROBREY
y.ms(;_¥mEff(tmnaﬁmﬁMTmﬁﬁﬁﬁvmugogmgﬁﬁzﬁa
Y

¢t aL, BEZ7 i nz0EBMEd LT
c 1 .
= - (3}
A! rms vdf
XAEBD XD ICOREES’ESF?TZM:. @Eﬁ;ﬁﬂ#ﬁ&é T&lLT

LY

A' rms 2741

—_10—




JAERI -M 6187

EiEAL b TG,

4, F-2%2BETHEL, i=10H2TCHTETS&, SHEOMEEFOLI,
T=20sec DEBHEBMBLELL B,

AREOCBSR, SROT—F—LRBE BB, BEALORE, T=15ecl |
torzs%oueoamaacam%@snsﬂmakﬁmzﬁﬂu%mbteﬁuau
I—SIKEAT AT~ THEEETACDODYWARFo s 770 rDRDRETE /41 XHES
Ey BEZETBLITC, T=1sec LLTHBELRESEZHEAL TFHRLLEFBLNE
3THE,

ZORHBPITHBOMIC, <Y FRR7 404 —BBRALE 7402 HRT, T2
DEBDERF>THBDOT, ARULBRBLBONEIC -/ X7 P aMBoTHUE
STLESCENED, COLBIC, MFINIZARI b2, KRDR<I LALKI 6
db/oct DAENMI oA L FRZARI b AL >THB,

Z0ffi, 2ERMORRZ 3/, RBBOREL L >TERUBRESNSZ, T X,
MEEHORSIE, BEE o XENTH3pR, ARCERAMLEAN 2D LN B,

4) €—-7ERH

ROXINT 0o AT FATRIE LK.

Date Recorder Band—pasgs N Electo—
Filter Magnetic
leh leh Oscillograph
leh

BELZELEHICREL, TOC—70EHRBEEETE 3,



JAERI~-M 6187

FEIEXMBRLER

3-1 HHE-FK

XHFRICHT 2EHME~ FORELEREZ Fig.3— 1 ILRTs X7— 22, BBEL v oR
BIhlEHEFKo2 0BoY— 7 ORITHEE, EMDIXoEMicH LTk, Fait
TarzEicinBonz,

ESHWEE, D1X, D2X, DIXDIBOENK L LDEBSKL>TIL 5, MOENN DX,
DEXHOHNERER, EMHOAMO I DHARKRLEL o/, BEFAEAMR, BAHKREE
ETHBLEBDhol,

ik, DIX oihicid, ERICBOTHAZ ENbEoizd, D2X, D3XDiihiz, =
FLy Y~V RBEOBKAORELDIH, BESBHSIFETLTIVI LDt

Bih, B, SFEMAHOBDEBAGTS o8, HERICE. PIX, DZXR
fitd, DIXEDIXLRECHMBTHIL LMDh oz,

EREEOC—7#EE, SIISHRCEATEN, LEAXBEH TR NFEURDBEAL
TWTh, 20BoF L L&KL, BELHTBELEYL, s245T0RENOER, T
bo, XRMUOBRMBABBINI LKL S, '

&oT, RLREhiBRYE—FiE, HEYEHE-FOIBROATNI60LEELS
hz.

EEMyklestadZEZ /- VIBRA-I1FR - Ficky, Efe—F, BARSNEN
wLTHs, B

ByBoERBEe~—FELTiE, Fig.3—-20B, De—FBELoNB. VIBRA-1ITX
ZEARBHOHNME, £h¥h, 534Hz, 2611HzTH Y, ERMHBLLET IR ¢
B2, HE6H THN, B, AUMOEST— FiE, BUE- FTH3EELSNE,

HERBOEHE— F&EL T, Fig. 3—20A(K=60Kg/mm), CE— FiSEZ Lh
3, VIBRI - ) kA3 NLEETIE, DIX, DIXOuBTHEDBAMEUNIR, CE~ V¥
PR, o, BEEEESMOSEER, 1554H2TH0, GHERLLELIZE
B2, W14H:z TH, HRBORBHE— R, CRE—-VEEI SN 3,

3-2 {EBHRE
Bk, AXBODIX, DIYOERMEEE Fig. 3 — 3(alitRd,.
EMEEL RSO FEUENTEIC bbb h, TORMBKI—MERS TR,

HNOARRA KL BRMTHEELE Bbh B,

3-3 BMEMARI A '
1) BAXBORABMA <7 tr o3 RER%EFig. 3 -4 ERT.

HEBNEEHBE, WOH: DBOEEY—270x~7 tafls, HEAENH ORI

LERBENT, BEBO_RICELEAL TRET BT ERR <2 L BEE2E5T 3



JAEBRI-M 6187

ENCHLT, (OA LB, HE6H: O EREL~7 DR~ FABE, R
MEKs BN EREMT, AENO I/ 8RCRLAL CRET S HBLUAER <2
PABEEETBC & BD B, '

CoEER, HRMSNSBE, REFADHES, KRS k2584, RERBICHL
THEHBDSHR H D EER N B

$ibs, Fig 3—5RT LS, GRESCIE, RERAKE, ~MFay »7
F—n KLY 27BN, ik B3 KAZBREINRY, KEFAICREETEN, B
BEAkid, BlikE LT Fig. 3—20D8e—F OEBEBRVEHET S5, EBHoERMO
BABAET, 7 X0 TR, s ZAVBEOR ) —FicgEMmL, Fig. 3~-20BBE£—F
NEBRMNEBBETEIbNEEL NS,

HloMms & bic, KHokmiEnl, DMe— FoRkkMRYHiIck~<~T, BY
e— FORBRYRHNIRMCREEODEEL SN B,

7nh, ikOEMNELEbIC, HEr—FoLr i, AHERZ FABO L~ OEN
RECBBMLETVERE, 72 F L A—-NoREba, Hhotnica )3 Yo hsER
L, SENEHMIETHEDLOTHEELEL OGN b,

HOOROBAEEF I P EETRLEL20BHRBOAEROENHIIR, 6~65Hz
ZH0, BEE—- FOVIBRA—- 1Tk A8 NER, 534Hz2TH b, XRERAN~6
Hz &3, BE—KLTWE,.

2) HMEKOBRERRRZ ta

HOREOFEMA~? br DT REFig 3 -6 ILRT,

14Hz RS <7 L EE, BEBOKME & S ICHRIKED T 28K R
7 PABEMEET B

-7 2AR2 1B, KEOLHOE, B0EREERTR, HikomicaL
T, BHERARZ A BOLLDEMAELIIZ, REC -7 0L 3RRET, 22—
ETH3o v

NP FRRT AN EOEBEERTAE, CORBEE~71, BRI bLDES LB
m#ﬁE—ﬁéﬁiB@.ﬁﬁ®1*w¥—&bfu.iﬁx&7r»%ﬁﬁiﬁwfa
BLEZONE, Chid, RICE~BHB—-FNEYHENEFET, Figd —6hoKES
haEdick, HROBNCHL TENEHEMVAT IS5 8KERRVWHEShET
ZEDOLHASHLTH B,

T4Hz EOREBEE — 212, X_—4,2y FEDBAHRAVELEALT, Frvnst
BErNASTL 2 NS, BHEAKEOVIF » ¥ 2 A AT ICNHEN R4
THRMOESE, AERI 7 L OREETo .

EDORER, RO EBDh ok
(1) 7, AOIMEEHE S, KROMME L bic, MERINNT 2. &~ VWAL

ZRALETH 2.
(2) FabeI7varAFomMEER, HOORRNES, =27 bath, 13, 19,

—13—



JAERI~-N 6187

BXUS52Hz: ORFNATH 3. AMOMEEL, KROLLBA, B 48U
50Hz DERANATHES. ZHED, AMOEMBAMICEDZZE DD E, S
MBED 6 Hz DRAVHROBME & bICHMT 20, FIMMER A MCED S
ZEERLTINS,

%55, AEBoRIE, Pig 3 —20DRe—FOBLREENE, x_—Hrty
FIRHDRGBENLTCOFr 7L ABO 7 4 X (B2 298, Xi3, RO K
AR (HBANLAIES)IICLEPig. 3—20CHE—FoOiEHEHLOSK S
NIbDOTHALENDD ok,

FhoRWBEIK, X MIETRLAEBOBHEDOEHNOEYHHEIX, 157H:
%0, CHE— FOVIBRA—) ik BN, 1555Hz TH D, AXBRED~ 14
Hz:B@3I—HKL T3,

$ -4 HEHOEHMHYEK

FEHUFHMNEHNTH L84, KHHCEROS 2 RBEHEOZR I, R ORIFHETL
L, E— MiORBEEBMER<EL L THB. CL TR, HHERSORBECERTS
AE—JHOBEFTERAMAEAEC LITT 5.

ARBA2 P ADRAIERENS, BB Ty 7 IDEREZ, 1) LiENIRE & 2) F it
RYURBEMABCEELTHWAC Etbhote BTER 4 DEHISVTHRHT 3,
1) ERBIRE

MEHNT 56 THD, RHhoORBEANERSBTENE, £y XOPMSNIER

FiLCoMBENBERT 2L, TORESAEMIIII—ETED, FEBEREOEC—7ED

EREEBRIZ, RoX 5% Rayleighymoipsha, (10 P.67
X

207

) (5)

X
p( Xo)= o exp(—

2) FERIRE
EARUEHI, LOYIREHBHUOENTH 0, BERHSIAEBOERCRELAT

555, RBEFHICT BLnic, LeWMARMEf&T5L, BENNO—¥27 418
MOBERBEETALOLLTRUET 5. MENNS »FLTHN, Chdo—,z
T AL A HOBRBRICHERTEE, BERTOBBENXo £ RA T ERT 3HER, &
K?%iéhéﬁ““”““

Xd
C(Xop r—exp o {6}
C{Xep)= P(Xs2) (7
Xott—Z{HTH AMBEEBEE P (Xo ) i2, REATEL OGN B,

dP(Xe 2)
P(Xp )= —m—— (8)
dXe



JAERI ~N 6187

Wiz, ZOBEORBYGERHE, KDL I H RayleighPHEBBPLLEDBEL B,
feXp X ot

f3—o" exp( - 2g’
PDrogNicdeédunt, BRUECKOENIIHVT, EMov— 7 #OHEREGER
BREHNICERERSEIDTELEEBRNICRHRTAB LKL,

EBRFHEE, 2—4, ) TRRELSKC, BEL v oDENEEERLI V- 7/
2100BHEKEMRD, BREE BB ERD .

RlEtR%Fig. 3—7, Fig. 3-8 1RT. WEXATRBOMELRTH O,
BERARRBOLOTS 5,

R&0, ARRETH, -7 EOEBA%AEZRayleighBHE 20, BURE
Th, EUMICE, RayleighHH e s BT EBbI oM.

Y- EOREEGHE N, Rayleigh PHTHLUTEZ L 1N BEDL L, REBHHK

HMEEEET 2 URESEL SN,

) (9)

P(Xp)=

3-5 HHORBEEBKBEOBE

RO~/ HREBEEEYN Rayleigh FHTEMTA B L0 5 L0 5, ROIHEHN
BEEHT A TEESRED Shictt, COTERELOROELOILT B0, BHOZHE
ERMOBAELOBEFEEZRA~BCE L LT

Rhor--/ MEREEMAMM RayleighAHTROESNBHS, Rhor -2, 99
BOHBETEHED IELARKELET 3,

Tubb, -7 HOBRAMIR, FREHMOIETERDbINS,

CORBFLZEBRNIKELD B I, ROHUEET 270

F—2La— SRR LELEDHEHRZ8ZEDOAE~FTHLEL, 2~600Hz®/,vv F¥x
Zang2xBlL, HEKR sec DRMSEEH THIEL, 2o hEy L2 -#TREL, £
DEHYBEERYME L1, '

B, P—2LVI—SOERREBEL Yo KERL, +R0B AL —-ORKHEENE
DYESEBAKREDEL, EHEEHEBEL 1,

HiEERZ Fig. 3 — 9(al, (blRT .

EFARNER L, RHoRXHEIR, FTRYMNIFETROINICEBOLN, RHOK
HABENEINEHL TSN L o7,

3-6 FHEEEMEDOME
BHOEYMMEHBCRENSEC LD DokDT, HELRDBOSHEEOBEE
EL, » )
HERKREEFig 3—1 0ICRT

BBz, FR 20’/ n LT, MERCE, HR30n ShRT TR, RhoEHEE,
BII—ETH Do

—15—.



JAERI-NM 6187

B TR LS, BEEHICE, HEBECBEICF v > 3 2 ARORD B MORE X
LURKEDREEZ LNIZDT, HHBOEHBRTO—E@EIL, BHEAE~DBERN/ 141X
BoEEIONB. X, BYBOBSIE, BEN/ A BN EELGN S,

22T, TO—EMEENWHMERBCLIARBORMOEYA L EAHNET S L, HAR
Bz, Fig. 3—110X5iLis5,

REb, hMRCL3IE, QIUCEDSXENL, REoMKIcOhTRDOBRREIRS
L, 50m /hT, BEHBOMZRICELALTHROTEL5iILR 5,

Zhid, KOIH>ICERT I L8 TE B,

NA ROy 2h-n FEY Y XADOEHBIREOBEMEER, Fig. 3—12IKRT X5 7l
BEUND, ABRZXAEELTORTRWEZEABOLIHEG 32D ICHE,

Wa-a

F= — (10)
b .

BANMKBETH b

HAMRICNELE, AMEENOR RN T 30, ALK TRYDSEIMERAN L
BoFPLnmliinsiELI N5,

FEBICRANE LN AHBBERCESTOERNOAMTHMBES XL DR, -+
BEHRABROABERICLD, FIOWKKUIMBHAELBLTEINLOTHA I
XrRoRGOEMIZ, YHARIZK~NT 143 5XTH A0, 2ORBRFHTH 5, Ak
P2 FHRTEEBELTVWAS Y » FRYFAZEMNTWSLD, 7 v FBTX KR, B
E, YHFAKBEFE» b EEZ SN, R0 XFROERIR., 7V FEALTT YT
) ARDEWMICHET A, YAMOERHR, 7 » OB T840 elidhdc &R
EHrb@irizio,

3-7 FOX-2MHMEGET I -RERMSHLORBHHOLE

BB, FOX -2, £ —BBOZhZhicOT, MEEHIKL VBT SO,

BAEBR <7 br OB E Fig, 3—13IRT. BB LUARBICENT, 222 b
nE— 2 DEBENIIT-RLTHWECERLEN, ¥ - NBBOREDTH, M, FOX-2
BEDZENEIV—BERLTWVWAZ EM8bh 3,

FI-REEFOX-2ME ORI, /Y FA RS EaRA <, EHHEES
JOFLINOEMET—HL, HEbiZEALRALTEN, BECHREARR, ~Y FALBokh
LEHER, MEBBRITAEZELTHB,

BYBIEBYBRARI P -2 L~ hBT EE, FI-BBOL<ALHBFOX~ 25
HOISE~2ERNIENBDNE, ZDRXRI ML E— DL~ OEARRIZ, ¥I-RHL
FOX-2ME LDy FABOMBEDORNKLIBEbNEEZ SN,

Thbt, bL, AEESKOEH OMERS Y FLBUALEET LI, <Y FL80
BMENERD, AR PALE- 7DV RALZERTEITHBVEEIONEIHNOTHE, &
2T, BHREGEOERYHOEL ZMERKI, 7 FABKE A Edthhi,

—16—



JAERI-N 6157
BRI, 14~15Hz20R27 FAE— DL NLDENEIRKICH~TIhTH 208

Thid, RR—ysey FEGABBEENLTF » 2 ABOEDBED>TE T E1DH
EEZ oN B,

-17—



JABRI-N 6187
g 4% & ]

N FO Yy 2 k—n KD BRARMEARLOTICY I —RHREK—KORYEXK

WEIRBT cRIE, 2L, BTORSE 8. _

1. BEESKkOREHE— Fi, Fig. 3—- 1 IKRTL50C, AR, #RBEBE—F&
ELREDE— FOARShI:bDOTH N, (FEKICIE, KERPCE=— FLMIAKRID -
FOAREINALGNTHEL LMD hot, BEFRORBIBEMRIBNI L LXD
ot

2 EBOErImERRCy Ry PABICEET EBbh ol

3 EBRCRAEBTHED, CroaoPLAORRKICLAbNEEL oL,

4, FBHOC—- /7 EOEREEMRNIE, Rayleigh FHTEMU S K, MARDIE, N 0B
ETH oo Lo THRBRAKHMABLEFAETHI B E B o

5 HMicHTAsRMOEHMER, Fig, 3~ 11 KRT LK, HoHkELIAVAEALLT
HROHEME L bICAMCRhOELHESNDT a0, HBOHLE L SR O E-
BOL, 50m /hTR, EHRAKROM_RCEALTHNT S CEpbdb o0,
A FaYyzk—-n FEO Bl LBOXHRE OEMBOREICLD, Fig, 3
—12RTESKAKEFRIC, 23AX AL EOMBEANGHE N EBEREEKLEHH
RUNDERREN .

6. XABE®OEMI, YHOOERMICKERTIA43ERTH ok

18—



JABRI-M 61-87 ‘
H fixd

AR EOEBCE O THERO XN AEZLTEEEREERE, LKHFE=NEEAEA,
FRAFESFLHAEE & EZEECBH#OBERDLIT,

ARG, BRARFIAAFBHOP - BERHREBOTHEICLD, bd 4 3EEICT o0
AERBCELINTETENLDTHN, 4k, BLOFRLEANE L 120 BHN
e RAKEER s RETE 25— F b Y) 7 2E#HS FEBYSRICENOERERL T
To

ERORT, ZFBEORKIEREF» M HBEHE REAXBRLASLCABATHD, C
iz ERLES,

-19—



¥ < D == ¥

N H e e

T p L

aith

JAénx-u' 6187

C 5

Er»xy PR #RE
EHE&EYH

By R

NEEE
ME_kE—x 7}

% K

& fr

L pALEA

LI

Bl vER

4HF - rtHOrrORES
BBk

KT EMEE
BAREL

E¥ME

d, Dy LicBAd »Strohal ¥

f d
(rezu—2 ) KB LAre5 4 — 4T B, (2)

mEFR?)
BRIbLbhokkoHR
Darcy-Weisback DBERBLFEH

TR EEEAM

Rhor—2HE

E%1E ( Root Mc .a Square Value)
23

BRHORBEMX, ZBATCLATIRE
3 b B 3

ik

BEELKROER
REESROXHROEMTOXE
RERESAEXHROEMBEMRDOFELERAL OER

—20—



JAERI~M 3187

BEXH

1) Benjamin, T. B., "Dynamics of a system of articulated pipes conveying
fluid I. Theory" Proc. Roy. Soc. A, 265, P.457v486 (1961).

2) Reavis, J. R., "Vibration Correlation for Maximum Fuel-Element
Displacement in Prallel Turbulent Flow" Nucl. Sci. and Eng. 38, P.63
69 (1969).

3) Burgrczn, D., "Vibration of Pods Induced by Water in Parallel Flow"
Trans. ASME, 80, P.991~1003 (1958).

4) Paidousis, M. P., "The Amplitude of Fluid-Induced Vibration of
Cylinders in Axial Flow'" AECL-2225 (1965).

5) Pavlica, R. T., "An Experimental Study of Fuel Assembly Vibrations
Induced by Coolant Flow” Nucl. Eng. and Design 4, P.54v60 (1966).

6) Ohlmer, E. et a., "Untersuchung der hydrodynamischen Schwingung-
sanregung an eilem einfachen Stabmodell unter achsparalleler
Wasserstromung” EUR 4771d.

7) Office of Power Reactor Projects in JAERI: "Research and Development
of the Fuel Assembly fcr Japan Experimental Fast Reactor (FOX-
Program)", JAERI-1182 (1969) (in Japanese).

8) Murao, Y., "Computer Code VIBRA-1l for Analysis of the Vibration
Characteristics of a Beam, and it3 Application to a Fuel Assembly"
JAERI-M5759 (1974) (in Japanese).

9) ER—B HEEN  HATE(1961)



JAERI-N 6187

OUTLET NOZZLE

o

YUEL BUNDLE

LOW PRESSURE

Fig. 1-1 Conceptual diagram of hydraulic
hold-down device



JAERI-M 6187

£

B —=—FLOW OUT

TOP OF FUEL PINS| ' ACCELERO METERS

AX, AY
DIX,DIY
DISPLACEMENT DETECTORS

FUEL ASSEMBLY

1906—— =]

. D2X, p2Y
;: w 2835
4 oow ACCELERO METERS
N 1 L ARR le * BY
W T comprESSING 1o )
DEVICES
20 < B \osxosv
A 33 SPACER PADS
P4 ' X
[T
EVJ il D4X,D4Y
FLOW © ¥
METER 2 4 N1 U pivoT SEAT (IN)
< < < ? ~,
byl ¥ (IM)
“ HIGH PRESSURE PLENUM
~ I
BYPASS LINE I "] O HYDRAULIC HOLD DOWN NOZZLE
. N
,: DoV LOW PRESSURE PLENUM

!

Fig. 2-]1 Schematic diagram of test section and
location of detectors



[ ——

JAERI-M 6187

CROSS SECTION ( TOP VIEW )

'; 76 ADJUSTER OF
PUSHING DISK 0-RING COMPRESSION FOECEK
1 | SPRING
LI
h BRI -;.__
* | = oy
b3
V o
l J [ *
| 7 - =

Fig. 2-2 Compressing devices for gpacer pads of fuel assembly



-CZ—~

OEICO000Y Suprort gh‘d
PP (in the Y direction)
FXRKIN K - =
7 ALY, o "é s\_‘_\ 3
~ H )
Y g J ’ 3 %
FERE KN P :
NI " ] <1
des % 05 wm X AT ca¢ ] g I R
— FUEL PIN SUPPORT SECTION e (88—
Xv »
630 038
- i lsPrive |ouneey” 5
' bl - WEIGHT A
0 30 620 - 400 s DIRECTION
258 t 440 se0 480
— —— 1830 o
< _ WIRE WRAPPED
- 280 250 250——-.1— 2 250 250 20
138%0

Fig. 2-3 Fuel assembly

L8IP W- I9AVS



~92~

135 "o - 220
& Y 6R
POSITIONING KEY 185 e 150 5 s
) :
3’1’ DO [
& .
J _ . 0
. 1 1 e . i
"o X
hi;_ % STELLITE HARD-FACING
hY
T
kY
2
* 3.5

SECTION A-A

DETAIL OF PIVOT SHEAT

Fig. 2-4 Fuel assembly inlet nozzle with hydraulic hold-down device

L1819 N-I9ave



..l'z..

blanket

gas plenum blanket ~core
1lg 0.0Sglmm' 117g 0.27g/mm 173g 0.26g/mm 119g 0.24g/mm
255 440 660 490 ——m
1590
1830

Fig. 2-5(a) Mass distribution in fuel pin

ch
P

dammy weight = 38.22 kg
average weight/unit length for a fuel pin = 0,264g/mm

1590

50ma— 135 —=

==

1086

Fig. 2-5(b) Schematic diagram of dummy fuel assembly

L8118 N-1IHAVYP



JAERI-M 6187

10 L) LR L] v L
[ & —— FOX-2 Musl Assembly
o * 0—— Dumay Fael Assesbly 1
3
A
§
n -l
) g .
1 4
3
0.1 R

5 10 50
FLOW BATE ( a>/h )

Fig. 2-6 Comparison of pressure drop between
FPOX~2 and dummy fuel assembly

16 DUMMY WEIGRTS

10%6 cownzcrivg mops % ORIFICE PLATES ,,-I"r ,g,ﬁ,

—ILIIIIA'@'I‘1|]II[J~" I—,Eb
11 -
ni

ga

[

! E:ya--——,l v

90 3

Fig. 2-7 Dummy weight for dummy fuel assembly

@
e



JAERI -M 6187

Y(17-47)

L CANTILEVER DN

SENSING NEEDLE

|~ SPRING / =

SENSING NEEDLES

o [¢]
STRAIN GAGES O-RNG/}

WITH .
WATER PROOF LAYER

RUBBER |
DIAPHRAGM

)

" Ne.5, No,6 DISPLACEMENT DETECTORS , No,2,4,9,10
DISPLACEMENT DETECTORS

‘ 3/ CANTILEVER
s
SENSING PIN — -~ STRAIN GAGES
o
VERTICAL

DISPLACEMENT DETECTOR

Fig. 2-8 Displacement detectors

_29_




JAERI-M 6187

BONDED BY '"BOND G17%

Fig. 2-9 Accelerometers (B1, B2, Cl, C2)

~30-



JAERI-M 6187

1800
E
&
z
e
= 1500
]
d
-
g
>
a
1000
LEGEND
A FREE STANDING CONDITION DATA
[ 03X
@ CONSTRAINED CONDITION DATA
500 ———— ACCURACY RANGE
4,0 BEST FITTED CORRECTION
(IN}
02 G5 10
DISPLACEMENT NORMALIZED AT THE
TOP DISPLACEMENT DETECTOR
(IM)

Fig. 3-1 Comparison of the experimental data
with calcurated vibration modes(?)

A B C o

spaceR |\ oy j
pap POSITION T Y

ASSEMBLY
SUPPORT  7fp-——~——— —— == - =—~——= == =~y === ———~——~
POSITION

HYDRAULIC
HOLD DOWN )
NOZZLE

K20 ~120 NM PIVOT K= INF K0

Fig. 3-2 Fuel 'asse'mbly vibration mode



Div,= 0,0265mm

JAERI-M 6187

1Div, = 0,0289mm

1 L I i i [ A L i I i i Fl A i f s 1 ) S A PR Lo
1Div.= O, 18ec Flow rate=37 a/b Water temp,s=23°C
Free standu . Free standing condition

Fig. 3-3(a) Wave form of displacement signal

p1Y

1Div, =0, 0573mm

T

X

St

¥

»

ar

b=

2 3l 1 il 1 i A 1 1 Ll 1 L | T T 1 Il i 3 (1 )
1Div,= O, 182¢ Flow ntuiﬁ.ﬁnz'/h Water temp,=37,2

Constrained condition

Pig. 3-3(b) Wave form of displacement signal

_32-



-

101

SPECTRAL DENSITY OF DISPLACEMENT (V/Hz) (1va 0,01408am)

10

JAERI-M 6187

v r Ty

T

L L LR

1

Lrvry 17 r1rroorrrttt ' LI D B

Flow rate (a>/h) N

i
¥

NN EE I EEEE

A

A

)

5 10 2
FREQUENCY (He)

Fig. 3-4 Frequency spectra of displacement under

free standing condition

Ressuaat regiocs
(Elasticity-coatroled regiom)

— . SUFFORT POSITION
HYDRAULIC ROLD-DOWN NOZZLE

“SLERVE FOR NOZZLE

Fig. 3-5 Model of vibration mode

_33_



JAERI~N 6187

-l
S 10 '
R ' L BRI BRI 4 | LI S
— Flow rate (I{/h) ) —~
- 1. 55,5 6. 20 N
2. 50,5 7. 15
- 3, 45 8. 1 n
S - 44 30 9. & -
a8 S5, 25 10, O
i3 " tater tem;. 40°C 7
P -
s E :
% N ]
a
By -
@
B 102
-
a -
w -
X
107>
1 5 10 %0
FREQUENCY (Hs)

Fig. 3-6 Frequency spectra of displacement under
constrained condition



JAERI~M 6187

Fres standing conditioc

noo

Water tesp, 20.0 %
Tlow rate 59.&5/11

Rayleigh
digtribution

-15

RELATIVE PEAK YALUE

Fig. 3-7 Probability dens

ity distribution under

free standing condition

L Li

Constrained condition

L]
Water teamp, 18,5 %
Flow rate 55. iljfh

100

[ g
8
E
/ 5
/ 2
//I §
i §
=15 -10 -3

RBLATIVE PFAK VALUE

Fig. 3-8 Probability density distributfon umnder
constrained condition .




DISPLACEMENT ( wm )

DISPLACEMENT ( am )

© pamten Lt

JAEBI~-M 6187

N ¥ ’ 1] ¥ {»
: Free stunding comditlion !
1073} X Maximus dispiaceseat(-ZE3PE) 3 4
® RMS displacersat x 3
L]
Vater tewp, 24,5 27% u,'
%, .
. “+
x .
L4 . S
e b
v
e @ ‘j
w02 [ x ]
X
x x
x
i L 1. i
2 5 10 20 ) 100

FLOW RATE( a>/h )

Fig. 3-9(a) Comparison of maximum displacement
with RMS displacement
(Free standing condition}
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Fig. 3-9(b) Comparison of maximum displacement
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Fig. 3-11 Effect of flow rate on RMS displacement
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Fig. 3-12 Conceptual model on the threshold
of exciting force for vibrailon
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Fig. 3-13 Frequency spectra of FOX-2 and dummy fuel assembly



