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Abstract

In the course of the visual inspection of the fuel assemblies un-loaded
from the reactor core in December 1996, it was observed that many of fuel
assemblies had mechanical damages on some components. The major damage
was the fretting—wear on spacer plates and endplates due to the flow induced
vibration of the fuel assembly in the flow tube.

Since the reactor is activated and the system modification for complete
removal of the driving factors of the vibration of fuel assemblies is
practically very difficult, the focus has been on the design change of the fuel
assemblies. Consequently, various design changes were proposed to strengthen
the wear resistance of the components based on the evaluation of the visual
inspection results. The wvalidity of the proposals was verified through the
performance tests for the modified components, and the vibration test and
endurance test for the fuel assemblies using the single-channel test
rig(SCTR) in AECL. The subsequent design changes were additionally
proposed based on the visual inspections for the fuel assemblies that had
been fabricated according to the first design change and loaded in the core.

As the effects of the first design change, the fretting—wear of spacer
plates was remarkably reduced and the period until fretting-wear damage
was extended by 60% for the first modified 36-rod fuel assembly. It is too
early to say the endurance life time for the first modified 18-rod fuel
assembly because of insufficient statistical data of only two bundles damaged,
but the fretting-wear at the bottom endplate slot was reduced to about 50%.
The second modified fuel assemblies, that were not loaded into the core yet,
are expected to meet the design requirements for the core residence time due
to strengthening the weak parts from the fretting—wear point of view.

This report describes design changes and tests for fuel assemblies of
HANARO to reduce the fretting—wear, and estimates the effects of design

improvement quantitatively compared with the original fuel assemblies

through the visual inspections of the fuel assemblies loaded in the reactor.
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HAoz Busle wA, 2AL A%Hoz 4 WA 5 T w2 Nl
AVEJT. 4E2A5e] AEAGAAE 22te) dARAGA) et dAS
2] 0, 10%, 35%, 60%, 80%, 90%, 100%, 110% = 120% & ZdA FA
#3503 AFE 2HsE NPz TAH T

2421 365 BASHFAT7]

DARE AGALe BEFT GRD Qo] fe2d YJdsHFAS FA
3T A 194 AP AARFEANA 473 AFolt FH 5] LA
=R s

2 @A AgoMe AAEHFAE A FE5F HRd FAslz dAEH
FA 2 58 AFE dolA JFFA7], 7tEEA 2 proximity probeE: Al
43t 15 g SHINGT. AFAE Ao A fFol BE 4A% HAFo
U &Fol #SHA gt ARHF HE A "ol tia A4y A
WEoEE ¥ 40M 9 go] X Wake s 177 Hz(155~217 Hz), Y 2o s
192 Hz(18.7~19.3 Hz)olQth. ©|5 Fu4E ZPA¥(modal test)o] 7|8 2R
HE Faot A LAt 1993 7|E AR JAFACd i AFAZ
A B Faos °F 1 Hz &o] odjd] ATk & 494 BAFE 713 365
AASHGA Advigle A5 Z3 #H FoFe 5459 50 H9 X Y
wgke) s 242t 14.6~234 Hz 2 15.0~234 Hz F34 G oA 2] H$ RMS
#E Teen, "9 RMS gho] AAf#e M X B&, 25 umet YiEF, 32 um
2 A3E B u A 368 AASZHFAY AFL v IS & F AT

2422 18% AR FAI8]

MF 185 AASH/FA N de AeAge] A= {FEH3)F F29
FEde EASHE AECLY 9UfZ APAAHA SEHAT AFAEL o
AEFIFA XFY B=E L2 Adste @A, 23E FFHez &3
e 9 5 F 2AE Ude] 235
FUFE APGAILe EPE oRET ol 98 {537 AJSHFAE F

194 ANEL 365 AASHAFACNAYG Zo] HAAFHFZANA
A2 AFolv A Fol HHFHA &gt

FAME AASIGAE AdAY F53 W FHstz HASH
FA 2 f5H AeE HolH RFSHY], 7H45=A 2 proximity probeE Al
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£3tq AFS FHGEE. AF5AE A st fFol @2 4Z43 JFol
U 50| BEFHA FUTh ABFF He JA el s Ao Ay
Fu4e & 5049 Zo] X wrgo =z 1751202 Hz, ¥ wgke a 1824059tk
ol FIT EZAFY J|E HERWE Fud A9 dASHH J|E AR

e 1993359 JAFAIFEAA Q& Faeds oF 1 Hz #o] oo
UASE & ¢ UM B 59X BAE Ji=F 18% AAERTA Az I F
Z3 ™ FaeT 759 47t He X Y 43k s 22 15.0~234 Hz
Fo g |9 RMS k& Fsigem, W9 RMS gho]l AA 3ol X
e, 40 ume}t Y, 56 pm=z ZA-5-& E of A 185 HASH]IAY e

e & & g9tk

[

o

B

B3

25 2% HA HZE
251 36% A5 FAFA

12 A WAE T3t FARLEATA AT TADY wR A4S 49
3 fEH. ol A WA &I WA= 3FAA AAAE Zled Aol
ot AA BAE Y AAdEE =44 FAT olF olF HAdRY "R AFE
SAFAE T st ol HA ZAE vigez B3 FE G
F F7 AA 9B sSUT. 368 AARATA 231 4A ¥F WEEL
F 13 B 200M 7€ AR HA WE, 13 ¥ WEF vm 8FHo jle
B, 4% dA | W& oo rigdrh 27 183 I3 19414 23 47
HAE 368 dAJd2HFAY AR EE 4G BoFn v =28, AAT
AA A7 W82 AR HAEAY AR olgEd gloH, E 6] BA7A
AA=E AR dFe Bt

2511 TEFEH

5T AdolA IR FEHFRE Fol AT F22 M FEAY
guide armolt}. J2E 2 guide arm¥} JEEEHF IS slote] A3 dH=
< FAANFI= o] Fa% HA A= F stk 23 HA WM E 2™
203} Zo] AAEHTAY A TFoll AT AFAHE 719-7] 918t guide arm
7 slote] A4S 'V oA U oz vy AZA R guide arm ETH9)
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£712 Z/HNZAS =8 sREuAgRe AS 2 )
Zd F7h niE =t e gorms R E‘r?‘& $% BXE Q7] A5 o
s =

2 AtAstTHaE 19 #x). 679 RAHE B EAE viR o
E FAE F7/M717] Atk ddEEE 04 mm¥ FTHFE o]FIULER
sigste E EAE FH I |FAZTH

2512 7t

368 HASFHFANA ntR 4ol JAFE ol AR A9 n}
B dgolrz o] BE HZ 9HE FIH. 23 219 section EE %
section F-FollA] HE upe} o] BEAES FAE 71¢7] Astd BEAE] 739
2715 91045 mmolA 910.15 mm=Z U2, 74 AANE T4 £2=2 04 mm
ol FAIFAY. olZN 7HF g BA(2™ 219 section F-F)o] F77} 051 mmol
A 1.0 mmZ of 2¥) FUHE AT ol¢t A THWol AR HF Fo FERE
of Aele AL WA Hsto R H=e ¢ BELS HANA o|dAMYE B
071E st o W fE5HT %ﬂi BAE A7 st At 2o Zt+
EE 30x4 45E= —7}/\12511:} 123 WA Azz mAz] @z o] 2u)
ol F7tEe] ntEe ZE FWA 453 FL& F2IF HAW T3 2AE
78 Fol9 FE ¥H FHER JMET T2 f2 Wis AANEE IV E
23T ZAE 59 A olFLor T Fie Fiz2 P %E‘r%ﬂoﬂ o}
2 49 dFgF gl mAle JIds HrSAT. Bt A", BF A9
Zol =49 43 of=d g AFAE BF gL FAsdd.

AR 2EYL 13 HA WAAA IAdseFdd B S WA
Aste ARFEA O QAstA Y 2xo] AIEHAY HAR HF T F=
ol dAst 27 18404 BHe H}Q‘r 2ol A9 HdANITE )iz
AR89 AFEErie 2/ & 2ZYe FAE FUHAIIY HsHd
dolg &9 2% ARGy TR 0}?4101] HES st 972 nEd WAES
Zd ESFS TAFAS-

2514 AAal F22]
188 AAs5 1A 13 AA HAJNA S o] AAvy FF4e AF
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KA Abold thrust bearingg 37131921}, bearing ballo] W3 o] & 734
A FFHL FERHEA Alold] IA mbEgo] FUHE Aol ¢EH, A
Z o] Waukesha 882 = thrust washer2 W73stH3, A ¥ A7 thrust washerd]
3] ml#&Fo| thrust bearing®] A-$ET}t o Lo YFHUT

252 18% A A FA

A7 WA A% AAEE =40 FHY olF olF AARY ntE AF
SU4AALE Eolo] FARYT 0T P} 2AE wles REH R
3 271 A 9AS sAsaT 188 ALRPYA 24 A 9B WeS
% 13 E 3604 71Z ddge] 474 Wg, 14 9 WeH ¥a acks ol

z_ o =2 do

ew, 83 HA WP HE&E ot 7]5?5“3} a9 229 23 2394 23
A7 AP 18%F HAIEZTAY AF sF-E BHoAFa Q.

2521 33AHR

%%7&*}% 5ot 13 AA MFE AARIGAY ST HEH guide
arm slote] PR @4o] o3 AsA TAFS FUSATH mtE ALl A3
AE A", 7HE FAFS 3 EA2 dZF uet AFA A 5
3 &Ho] slotd] FHEFE T Aoz FriEAT. SHF-EEHGHAA B
O FdE % EXE &7 Hto SREEREERS R =5 23 249
Zo] 67 BELZ NI guide arm slote] XS B A NA B Alo)2 &
At =S 36% YASHTAY Zol Id &5l tiFd AFAZE 7197 Hsko
a3 259} o] guide arm¥ slote] FAE 'V FoA ‘U e g v AZA
9 guide arm T2 F7|E F7HAZHS

BAREEHTRS B FFRLzHo] AARF FFedrldl dZ2H
SR ERTUT A4S EEst 2d 22404 He upek o] HA WA
2H2Y 13)e2 FAstFTh

ub=s
A9l

2522 7188 2 1A

2521604 AF vie} Zo] AFAY A 5l i $Ho] guide
arm slote] FZFE o] FFBEHHFHY slot nl2 EA7} 4A3] S2ALA sk
ok mEbA, A WA olde] JUNE FHAlel FFA vEY AL AHd g
AFa o ABEGEA Alolo) thrust washerS 45l 34 ntZE & S 3

-13 -



AstFeng, AW g AT 2HMEL 12 AA HAAA I AR
# e BABe] & FAR AZHUD AL 23 4A WA= FE LA

Fozg Uy 5B dH T guide arm slotdl]l §&o] FAFH = WA HA
a3 49 T AR s1¢0lF Bl QxS sgth 27 17 4A HAA
HE 23 AA dRZAAY AR B FHRBY 2 NES vusty RoFa
Act.

2523 HHAZH

365 MAZHTASG w72 27 229 Fo] x| F P& 9@
el dANE(EE AR HAss] AFFrplet 284/ &, &=
o] ZF4e FUHAII7 Astd Zolg &9 Edo] AFEIH TR O}Eﬂ°ﬂ Es
T5 5, 92 29 RS &9 EEFS AU

)

2524 Aavg FF4

A FdA HEHE BAXE7] Hsted divE JFFHd FRHFE
A Abelol AAE AT thrust bearing®] bearing ballo] Mol AL A ZHaH
g FFHS ARFEA Ateld A mpEgo] F718 Aol $BEo], Aol
Waukesha 882 ¥ thrust washer® W81, A2 thrust washers] 3
n}@ & o] thrust bearing®] Z-¢Rth o Zgo] YFHUH

2525 stet A BB

29 163 ol 12 dA WA w7x] FA=HAD std FEF4 FEY F
Y 4L 58 st 3ol dF sE-fEA FUIt dAdxses 2
g A|E top-to-top2E Fhis ZF97t S FHstal, ol& A5 -r]o}oq
36% AAEFGA L Zol FY 2E tiidd SEREAY uigd] ¢F
(aluminum seating ring)S T35t @ 11 ¥ 24 23 =) FAA 24%%
A2 F5F spider pino] € FnF L& T Eo7HA FALFL A=
5 o

-14 -



3.0 & HE s

£ 794 AR &4E AdEFIEA Y HER 2 I AEHE 7]
HAAsIgAL 12 F AASAFA ] diste] vusEnt vn e
# w2 nt=v) 570 ol He AREF A stEIF vEd AlF, 2Ea A
Z174A 9 13 BE A dFE JFoz Pk 42719 V& &4 AAEAF
Aol thF Ao HF A UFE 38%, 6593 115¢U01Rew, 16702 MFE
&4 HAsIFAS @A =4 FA=HC ' 149 AF AAEZFA
gk AL Z7F 499, uY 2 183¢elith HEH nlE Ad7iA e FE A
57t NF AATIFANA 68Y BE(60%) FT7HElIACnE R A4 ¢
FAIIEE HA WAT 12 AF BASHFA T 71E HASFJTAEY niR
g0 433 EAEAT. B 7E AASHFANA EAH AT FHH7
74A He7I1Zb AL 523 19%6d ol Qe vty 12 AF JIEAT
Ae 11597 24342 7E HAEIFAET 63¢H 479 Frbstch 2=y
gAs A AASAP]] AAE FEg - HFHZE 180¢ o3-S =AHAAM A
de 2388 F3A717] fside 277 g 733 BE A 73
S © AZAACL Zir)

A 22k A W3 W&ol vt AlFd dAsdeEA s 20000d 694 st
2ol Ao o] &HFEHE AASAFTAYL wA FAF dgH otk R 2
A AA NF AARIFAY vt 5 2 A WA ZTe o 22 S<AAAL
257t EF= oo gt} a8y 231 A dANAME HH B corner hole FA
< 0l AR ARAE T4 WHeR olFste HF B FAE < 24
F7HRLEZ =4 FA 7120 digt A 27148 HEAE § s Aoz
of gt

o

oy iy

|

A =4A7F7] 63 A ZHH 188 FAS A 1270 10707} 1
MF Az AT ol AA7LA &AE MF AASAFA= 2ot o &
SIE-E ST HS guide arm sloto] d&F o g2 mry} A3ty nlr = HE

3.2 183 Jlig o=

o

ﬂ)4_4’

rlo
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Qo] FZl Beoln o5 HE d dee A4 113¢7 169Y0lt). 18%
NF AAJGA B, &4 A=A MR oloj A S HAL FA
A Ao HFoz A ¥AY TS Tdstris APtk Tyt =44 FA
Ho JE AF A=A 72 AEE A HUIsE B 87 o] slotd
A9l mtE ot AF mtR @A Ao 71E fAsRHTARG 28] o] FIIEHA
o 1409 )% HE & o] NF AASIJFAESL 4T JeHE #FA
i ok =3 7|E AASIFAANA L Zo] 30~40¢ FE @It &4
g A= dA

18% FARHTA A 23 A HMAANA FRFEHTT slotd] mEE
&34 717] fste] slot# guide arm FA-S 'U'PL 2 wiys AR BAE 4
Az Estn SRBHHGHS] F4e A gdenz i §4E nx 54
& HY AeR JddErh 23 A ¥7A dARIEA= 2000 st A=}
2 oAolmz el 2001d &o FHE Fo|th
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4.2 =

19963 129 #AE AASZHFA N ik N1AFL &4 w7}
B we nr @dolda, olE sZEsY] AT gt 4 £ 5]
o] 23 td. &AAA Aol Ui HrE niwgo R nins %%l & e O
g AdA WA bS] EEEHNeH, dA AAE BE9 ZFAY, AECLA A
T DURE APAAES o83 FASHFAY AF AEH 78 A8 T
S =o] A W7 Uete] Al Qﬂﬂﬁit} 12 AA A7 ol A
g FASHFANE =40 AAE F, ALE SAAA 2HE vy 7}
ARl AA WAl JFHA

A7 AZE AASHAGAE =AoNA A%
AANE 228 2% A9, 13 44 A3F 36
B 37 717e) oF 60% @ FQO% A A 5HA %hﬂsd%
2 4 4 YU 188 AASFAFAY AL AR &A4E A HA=A7
A7} 2 Bolng wimsg A% —‘?—2 #Fag £ e A4 A8t RES)
v, SR-EERTH] rlEES AWk A2 FAEQY. 23 AA ¥WREL 94
SEAFAY =R Hef 2 AR 2AZe EEAFTRE F3lsle U
o2 o|Fojzonz nlE AASFHE U 8T AL HEAE Aoz 7Y
gt

7L Bhel 2ABS
dAsPgAe Fee ot
st @
)

_:'Es‘_
X3
=13

O
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ANd, 47A%, Hgx, "SR AASHTA S HA # orilr A4
7V, KAERI 7]&= R 114, KAERI/TR-1347/99, 1999. 6.
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_OZ_

X 2. 36%F YASAFAATY HLHe A HAF N &

AA B=

71E dd s AGA

AANF A1 LA

12} AA 44

2z AA A7

-1 s

1. Spacer plate

wear pade] 4 -

wear pad2] ¢

wear pad, hole J]%

1) AEA 7k 7438} chamfer angle W73 | H&W A F712 np
A}
ol# o) chamfer chamfer 2}A| A2 a3
04 mm o]%
2 hol ID 1045 9] = =7
) corner hole mm Cooling holes =17] W7 corner web®] 7| &7}
3) cantilever arm<] 4 =7] ’ HZ2H e £31 cantilever
) W3: 69 mm W3 ;314 mm’
4 24: 69 2% : 314 arm®] 7% Z7}
<! Rec| o glo
2. Top spring 273 370 N2 TR

FAE A

3. Endplate 84 W7

wear pad &
228 37

BEP/TEP wear pad
23 2Ag )

BEP wear pad %}
2A7 30
Corner hole 04 mm ©°]%

BEPo A HE3 {5

TX




_[Z_

¥ 3. 188

FAZHAFA A HE=e 47 W W&

A F5

7NE AP EA

AAAGF A5 IA

12 AW A

24 BANA

H] 3L

1. Endplate &4 ¥ 7

Guide arm slot
ZRAAZol ok
(R A= 67)

Guide arm slot
AAZE 73
(rtEs= 370)

B Abol & sloto] &
(vt = 67)

BEP slote] Wul=A 71
BEPYAM Herd /%

N
it

2. Interference Fit

Spacer, Endplate,
Spacer tube &3
4%

Interference fite 2
3 22 4%

47 FEOZ E9

BEP slot 335 %A]




® 4 43UT WE A 6% AAZPTA BaH A
AujFst5 2 A9 RMS g
X-Direction Y-Direction
Flow Rate
(I/s) Dominant Displacement | Dominant Displacement
Freq.(Hz) (lm RMS) Freq.(Hz) (im RMS)
0.0 19.36 2.1 19.31 8.9
2.0 17.32 41.1 18.72 8.5
6.9 17.48 34.0 19.31 458
11.8 17.31 323 18.70 382
15.7 15.71 303 19.32 403
17.6 17.47 35.0 19.32 38.0
196 15.49 24.9 19.32 324
21.6 17.32 28.7 19.18 452
235 21.69 28.6 19.30 344

E 5 439F0) Be AF 188 AALIPA AR

A Ees 2 A RMS 3
X-Direction Y-Direction

Flow Rate

I/s) Dominant Displacement | Dominant Displacement
Freq.(Hz) (um RMS) Freq.(Hz) (um RMS)

4.4 1751 39.0 17.70/18.69 61.0
7.6 17.49 33.8 17.71/18.71 43.3
10.2 1751 35.6 17.69/18.71 52.4
11.4 17.50 36.7 18.50 55.8
12.7 1731 39.9 18.71 55.9
14.0 17.48 427 17.69 56.5
15.2 17.49 476 17.70/18.50 60.8




6 39334 2A=d AA &

3}

(4]

Ak S | 58-95016 | 58-96032 | 58-96032 | 58-98013 58-98013
DWG NO/TITLE REV| KAERI 1998 1999.6. 1999.12. 2000.6. 2000.10.
37-37000- =d | Fge | FEE | IR | IR zgz
101, 36-GA R2 | 98-05-22 v
101, 36-GA R4 | 99-04-21 v
101, 36-GA R5 [(99-11-01) v
101, 36-GA R6 | 00-01-14 v v (I )
102, 18-GA R4 | 98-11-13 v
102, 18-GA R6 | 99-04-12 v
102, 18-GA R7 | 99-08-25 v
102, 18-GA R8 | 00-04-12 v IF AA)
103, Standard Core R2 | 98-05-22 v v v v v
104, 36-Endplate R2 | 98-05-22 |
104, 36-Endplate R4 | 99-04-21 v v
104, 36-Endplate R5 | 00-01-12 v v (AR AA)
105, 18-Endplate R3|98-11-03 |
105, 18-Endplate R4 | 99-04-12 v v VOID
108, 36-Bottom Guide R2 | 98-05-22 v
108, 36-Bottom Guide R4 | 99-04-12 v
108, 36-Bottom Guide R5 | 99-09-13 v
108, 36-Bottom Guide R6 | 00-01-14 v v (AR AA)
109, 18-Bottom Guide R3 | 98-11-03 v
109, 18-Bottom Guide R5 | 99-04-21 v v
109, 18-Bottom Guide R6 | 00-04-12 v (A AA)
115, 36-Reduced Core R2 | 98-05-22 v v v v v
116, 36-Top Guide R2 | 980522 |
116, 36-Top Guide R4 | 990526
116, 36-Top Guide R5 | 99-05-26 v v v v
117, 18-Top Guide R3 | 931103 |
117, 18-Top Guide R5 | 99-04-21 v
117, 18-Top Guide R6 | 99-09-29 v v v
118, 36-Spacer Plate R2 | 98-05-22 v
118, 36-Spacer Plate R4 | 99-04-21 v v
118, 36-Spacer Plate R5 | 00-01-12 v
118, 36-Spacer Plate R6 | 00-04-12 Vv v
119, 18-Spacer Plate R3 | 98-11-03 v
119, 18-Spacer Plate R4 | 99-04-12 v Vv 4 4
122, Hardware Detail R4 | 98-11-13 v
122, Hardware Detail R6 | 95-04-21 v
122, Hardware Detail R7 | 99-08-25 v
122, Hardware Detail R8 | 00-01-28 v
122, Hardware Detail R9 | 00-04-12 v NE AR)
123, 18-Spacer Assembly | R1 | 98-11-18 v v v VOID
142, 18-Top Endplate RO | 00-04-12 v
143, 18-Bottom Endplate | RO | 00-04-12 )
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ST SIS
¥ \.l"\‘l’ k)
— NN\ on:
TP Jmen HICH NUMBIRS AS SHOWY ON U
WO OF CRAPPLE HEAD AT ASSTMBLY P
HFHQO 1
VIEW “A SECTION ‘8-8'
STRUL NULBER otz i 71
HEXAGCHAL
FuL
HANARD

NUNEBCR DUNDLLS SCOULNTALY FROM
HEHO01* 10 HHIRY" INCLUSM

O S o ®

EC ASHEMELY WOTE ¢
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N
i
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i W i IS L SN W 72
e e
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TEM DESCRIPTION

GRAPPLE HEAD

GRAPPLE _HEAD LOCK

T0P_GUIDE

WASHER

TOP ENOPLATE

FUEL ELEMENT — STANDARD CORE
FUEL ELEMENMT - REDUCED CORE

G G R L B

7 | SPACER PLATE

8 | SPACER TUBE

9 | BUSHING

10 | SPRING

" OTTOM  GUIDE

12 | BOTTOM ENDPLATE

13 N
o 14 | COLLAR
0 75 | CENTRAL ROD WELDMENT
1 THRUST WASHER
22 | BUSHING
VIEW ¢
SCML 2: %
ELEMEHIS ARC TO BE
3 ASSISTED EXPANSION. GMLL COLLAR ANG CENTRAL 60D
DTEmy) S wsptcion ot 3 Fom Supwg 11
SSNENN
DETAIL ‘G
SCALC 41
WELO
AFTIR MSTMLOG BOTION GLOE
DETAL E"
(7) (e szeTion Hot SHOWN FOR CUARTY) O)

@ @)
= ° T

stE oenat

S gD
SEE ASSELELY
s by @ ®
e ASSIMELY WO 2
SIE AFHINBLY
{762) FUfl BUNDLE LENGIH WUS 3 & 4
uss)

SECTION _D-D

N 36F FI=RHTA
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Subchannel Number Channel

Parameters A
Sub-1 | Sub-2 | Sub-3 | Sub-4 |Sub-5 | Sub-6 | Sub-7 | Sub-8 | Sub-9 || X VETage

71 | A (1397|1747 |34.93 | 34.93 | 34.93 | 1747 | 5.90 |44.85 | 2243 | 27225

qA
Fuel = |De| 573|681 | 681|681 |68l |681 | 342 | 552 | 552 | 6.152

Region | 4
&l élﬂ Af 1397 | 1747 [34.93 |32.86 | 34.93 | 17.47 | 7.14 | 45.69 | 22.43 27144

|73
o
T2 | De | 573 | 681 | 681 | 640 | 681 | 6.81 | 414 | 562 | 552 | 6.134
= .
Ar | 860 |11.18 | 2236 | 2236 | 2236 | 11.18 | 415 | 26.74 {1639 | 1743.9
7|1&
sjed [De| 201 | 192 | 192 | 192 | 192 | 192 | 132 | 1.70 | 233
=
Kasp,i[1.0471|0.91850.9185(0.9185 0.9185(0.9185|0.6288 |1.1564 |0.5134| 0.9118
Spacer
AA | As | 860 | 11.18 [ 2236 | 1918 | 2236 | 9.99 | 3.25 |27.01 |16.82| 1689.0
73
sied |De| 201 | 192 | 192 | 165 | 1.92 | 172 | 1.03 | 171 | 234
=
Ksp[1.0432|0.9151 [0.9124(1.2253|0.9151 |1.2939|1.7507 1.1805 |0.4426|  1.001
Af | 414 | 1656 | 3311|3811 {4311 |17.11 | 1.90 | 21.22 | 2527 | 24062
7|1&
sled |De| 428 | 631 | 779 |10.89 [1568 | 531 | 117 | 3.74 | 7.22
=
Bottom Kasp,i0.5550{0.1528|0.1547|0.2135|0.2686|0.1433 | 0.54840.4015|0.2058|  0.2635
Endplate
BEP) | G | Ac| 414 |1656 3311|3811 4311 | 17.11 | 247 | 2122|2527 | 24062
73
sled |De | 428 | 631 | 7.79 |10.89 | 1568 | 531 | 152 | 3.74 | 7.22
=

Kgp,i{0.5503[0.1515 [0.153410.2428|0.2663|0.14210.4824 |0.4049(0.2040|  0.2635
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In the course of the visual inspection of the fuel assemblies un-loaded from the
reactor core in December 1996, it was observed that many of fuel assemblies had
mechanical damages on some components. The major damage was the fretting-wear on
spacer plates and endplates due to the flow induced vibration of the fuel assembly in
the flow tube.

Since the reactor is activated and the system modification for complete removal of
the driving factors of the vibration of fuel assemblies is practically very difficult, the
focus has been on the design change of the fuel assemblies. Consequently, various
design changes were proposed to strengthen the wear resistance of the components based
on the evaluation of the visual inspection results. The validity of the proposals was
verified through the performance tests for the modified components, and the vibration
test and endurance test for the fuel assemblies using the single-channel test rig(SCTR) in
AECL. The subsequent design changes were additionally proposed based on the visual
inspections for the fuel assemblies that had been fabricated according to the first design
change and loaded in the core. '

As the effects of the first design change, the fretting-wear of spacer plates was
remarkably reduced and the period until fretting-wear damage was extended by 60% for
the first modified 36-rod fuel assembly. It is too early to say the endurance life time
for the first modified 18-rod fuel assembly because of insufficient statistical data of only
two bundles damaged, but the fretting-wear at the bottom endplate slot was reduced to
about 50%. The second modified fuel assemblies, that were not loaded into the core yet,
are expected to meet the design requirements for the core residence time due to
strengthening the weak parts from the fretting-wear point of view.

This report describes design changes and tests for fuel assemblies of HANARO to
reduce the fretting-wear, and estimates the effects of design improvement quantitatively
compared with the original fuel assemblies through the visual inspections of the fuel
assemblies loaded in the reactor.

HANARQO, Fuel Assemblies, Design Change, Wear,
Endurance, Vibration, Visual Inspection, Spacer Plate

Subject Keywords
(About 10 words)




