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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 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.
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1.

1996^ 12^ ,

Row Induced Vibration)«>fl £\*fi *}S.£.

71^

tcj-E)-, 36^- ^ ^ M T T 6^71

. 6.

(1999. 4.

guide arm slot^i

- 2*} ^711 ^ ^ ifl-g-ol ti><^ *fla|-3 36̂ g- « |^S^^-*f l fe 2000

2000^1

L, 3
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2.

2.1

1 « ZZ.B] 2 4 ^ 4 - 36^-

ifl̂ -ofl ^ - ^ ^ 4 . sqgfi^Sflfe- «|^a4(fuel rod),

, Top Endplate), ^ ^ - ^ ^ ^ ^^r(BEP, Bottom Endplate),

^1^1 ̂ (central rod), 37fl^ #23 ̂ (spacer plate), 47fl-̂  ^ ^ ^(spacer tube), -Q^

-B-JESH(top guide), SHf-frHafl (bottom guide), ^ S ^ (spring), ^ i ] ^B] (grapple

head) ^ ^ ^ 1 ^ 5 ^ ^-g-^ (grapple head lock) ^ A ^

>7fl(bottom end plug)

al=§5|<H $1^-4, ^ - ^ - ^ ^ ^ ( t o p end

12

2.2 a |o j^

2.2.1

guide arm slot v}
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- Guide arm tip

- Grapple head lock^f top guide ^f 0 ] -^ gap

- Top spring ^^

2.2.2 1 8 4

guide arm slots]

fin

- Grapple head lock^f top guide ^l-0!-^ gap

- Top guide spring ^

2.3

2.3.1

3. is\- S.

2.3.1.1

. 364

nlw (ASTM B-209-88) °] t±. 364

7iel7> 73.8 mm-?]
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•8-33*1 &^4.

-8-3

EL7\] «f

^ $ l £ # ^>£ 5(lH(wear pad)7|-

3711 cfl^ 47BS ^ ^ 4 . 3.% 6, ZL^ 7, ZL% 8 « ZL^

36^- « |^S3^-^I^ ^ ^ ^ *V¥-

2.3.1.2 ^ ^ 1 1

B 351-85 Grade R60804)

locking section^ ^ ^ - ^ ^- =• «-̂ -3il- ^ ^ - ^ 4 . o] = •

> } 201 450

90° 3. A4n ^^}^^L %• #^1 ^ 32.OI-711- w>^ 1 mm^A-1 H>T| 2

2.3.1.3 ] ^ ) ^

*1 ^ ^ ^ ^^(bushing), ^ H ^ ^ -fl-S^S.

Sfe ^^^(Inconel) X-750(ASTM B166-86 UNS 6690)^1^,

- 3711^ guide

^-i- ^b4. °1&1^ guide

arm # ^-^r-^ ^ > ^ ^ ^ 3 ^ ^ ^ # ^ ( l ) ^ ^ ^ S ) ^ * l S ^ fV^^l^
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ja.«g= cflxioil " t ^ -P l^ ^(aluminum seating ring)^-

spider pi

2.3.1.4 ^

6061-T6 ^ t ^ n l ^ C L ^ . ^ ^ 5 ] ^ , ^ - ^ ^ ^ ] ^

Jife- ^ H * ] ^l^rfe 73.8 mm, ^ -^ fe 5 m m ^ t } . ^ ^ ^ ^ - o ] <f\Z\% 36

^ 10.45 mm^l^ , A ^ ^ ^ ° o ^ ^ " ^ Bfl o] 3) (taper)7>

47fl ̂  ^ ^ ^ ( s p a c e r tube)°l

7}

(wear pad)^]

9X^ cantilever arm ifl̂ -ofl & ^ # ^ ^ ^ 1 3.711-

2.3.1.5

l^l ^ * ^ ^ 1 ^ <£A. AJ-Y
63)- ZL^ 7oH>H SLTT VW go) 7\^S\ 2?M*\ 37115. ^
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2.3.2 184

guide

. o)

2.3.2.1 ^ ^

1 59.4

187117]-

: 3711

pad)7> spjUfrsai) <aj g u ide arm<>ll

guide arnH P>S. sfl^^l ^ ^ 6 )

14, ZL^ 15 ^ ZL^ 16£ ^Tjl ^ ^ ^^<^1 tfl ^ 184

2.3.2.2 ^
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103f ^-^1 45° ofl̂ j 90°

711- a>^ 1 m m ^ - ] y]y§ 2

2.3.2.3

3.7]} t } ^ . ^.^-s.^ ^Alofl -g-^£]fe 3711 ̂ 1 guide arm

guide arm # ^ -^

1 5 ^ Z l ^ 1 6 ^ ^ jife- tf]-<4

2.3.2.4

7}

bushing),

Top Spacer Plate), ^ # # 2 ^ ( M S P , Middle Spacer Plate), §>^-

Bottom Spacer Plate), SpH?-$ (bottom bushing), ^ ^ - ^ ^ f-^-(BEP) « 47fl5]

175]

fit)I

2.3.2.5
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^ s ^ o ) 12QS.

37fl̂  ^^-i=

thrust bearing^ ^ ^ ^ > ^ 4 - °)

2.4

2.4.1

2.4.1.1 36%-

.6 kg/s)4 110%*]

^ 2 : ^ 1 * 2.A>Al^l AECL^l ^ ^ - ^ - ^ A

Al^(SCTR : Single Channel Test Rig)* ol-g-^H ^ r s | E l ^ 4 . SCTR51 =?-^

$r *^(scratch)

°1 A, 2 4 A 1 ^ P > 4 ^ 1 ^ ^ * ^ # § > ^ 2 . i f l ^ A l ^ A] ̂  ^ 9U 15

22^, 29^ ^ 40^^] ^ l ^^Hl l - ^^1§H P>S.(wear)oll t j ]^ ^-^>^A>, A}

7}

] i 3 f ^(bore scope)!- Af-g-t>(̂  ^ g j § } ^ ^ . ^-*>^A]-^ *}•

27fl4 ^ ^ ^ ^ ^ ^ 3^-frS^ll guide arm ^ 1 rfl̂ >

360^
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1(0.62 mm)^ 3/4(0.46 mm)

^ r ^ 1 ^ # 3 ^ ?lolfe 0.27
3/4(0.46

2.4.1.2

18^- ^ ^ S ^ ^ l ^ l iflT-^^l^^r ^711^-^(12.7 kg/s)^]

ttfl

^ tfl

fe 37fl

guide arm

guide arm^l- ^§>fe

.9 mm)

A ^ 3/4(0.675 mm)-g-

slot̂ A-1 0.32 mm^H, ^ ^ ^ ^ A - ] 0.09 mmS. ^\^-7]^9l 0.675 m m !

2.4.2

- 9 -



0, 10%, 35%, 60%, 80%, 90%, 100%, 110% ^ 120% -fi-g-

2.4.2.1 36^-

, 7}4-5L%} « proximity probel-

o] X ^ f A S 17.7 Hz(15.5~21.7 Hz), Y ^^=^ .

19.2 Hz(18.7~19.3 Hz)o}<^^. o}^- ^ 4 ^ f e S .^1^ (moda l test)^

*\ 1993ViE.

Hz x>o] lflfl flfl ^ ^ ]

^^S- ^ 4 ^ ^ ^ 3 ) - ^ ^ -fr^^l f-^71- 5 ]^ X^- Y

A A U.6-23A Hz ^ 15.0-23.4 Hz ^ ^ ^ ^^ollAio] ^ o | R M S

H RMS &o] ^^-^-^ollAi X «O1- ,̂ 25 u m ^ Ywo>%t, 32 pm

2.4.2.2 1 8 ^

36-g-

% proximity probel-
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17.5±0.2 Hz, Y «j-fAS 18.2±0.5$4.

1993^^5] fe ^ 1 Hz

RMS

Y wo>%>oll tflsfl 4 ^ 15.0-23.4 Hz

o.^ , igo] RMS ^ o l ^ ^ I ^ - ^ ^ A ] X

40 , 56

nfl-f 4^-

2.5

2.5.1

, 1%}

2.5.1.1

guide a m H 4 . ^BjHS. guide arm^f S

204

slot^l

slots] •$#•£ 'V'V ^cfl/i 'U''U' 1^ -

^1§H guide arm

guide arm
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19

0.4

2.5.1.2

J2.

section

3.7] 1- $10.45

1.0

section E-E

$10.15 m m £ ^ - ^ 0.4 mm

section F-F)^] ^^117> 0.51

2.5.1.3

2.5.1.4
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thrust bearing^- ^7}-5}<&&.^, bearing balH >S1M $l

Qe] Waukesha 885. € thrust washerS. ^ S J - S J I , *)!$£$• thrust washer^]

3 3 P > ^ ^ O ] thrust bearing^ ^ - f i 4 c-] ^-%-o] <y

2.5.2

2.5.2.1 ^ ^ ^ ^

^-?>^A1^- f-^M 1̂ > ^Til 711 ̂ =« ^ ^ ^ ^ t ^ l ^ Sl-^-g-iHlW guide
arm l ^ >S ^ 4 H ^^^1 ^§>)1 ^ 3 ^ g % ^ l > ^ 4 KS ^ ^ l ^

67fl ^ - ^ 5 . i 4 ¥ a l guide arm

254 Ik*] guide arm^f slots] ^S^-i- 'V ^«fl^ 'U'

^1 guide arm

22^)1^ Jife-

2.5.2.2 ^ t ^ ^ «

2.5.2.1<>1H ^ ^ * 4 4 ^°1 ^ ^ 1 4 3 3 ^*°11 ^fltt -S-^0! guide
arm sloH ^ ^ 5 ] ^ ^H¥-3-^^^:3 slot

thrust washerl-
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1*1- ^ i S ^ O I H 37iî i

^.$.3. i4¥<H S p ^ - g ^ W ^ guide arm slot«*H -g-^H

^ - ^ 2*1-

2.5.2.3 ^ ^

ZL^ 22^1-

2.5.2.4

thrust bearing^! bearing balH ^ ^ * 1 9X4r

Waukesha 885. Q thrust washer^, ^ ^ ^ - ^ l a l , ^ l ^ ^ ^ f thrust washer-Si

thrust bearing^ ^ -f JL4 cj 2]-§-ol oj

2.5.2.5 §>^
16^1- ^ o l I*].

(aluminum seating ring)^: ^-2J-§><^(ZL^ 11 ^ H ^ 23

spider pin^l ^ - ^ ^ 1 ^ ^ ^
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3.0

3.1

57fl

38^, 65^2)- 115^615(11^.^, 167H5]

^r AA 49^, 94^ ^ 183^01^4.

7l?K4 ^ 5 ^ ^ 7RV

- 2000k! 6^

5.oil ^31£]^j o]3f. ̂ Aj-s]^ q ^ S ^ ^ l ^ - 51̂ 11 ^ I I - 1̂̂ 8 o]4. ^Lejo.5. 2

nsjuf 2̂ > ^Tfl ^^«l l^fe ^>^^: corner hole

3.2 g Hg ! ^ a t . l
1071]7>

guide arm slot°l ^ ^ ^ . S .
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£0} 30-40^

*\ 2%\ s£A #%<%*[ 3tf-%-&^$: slots] nj.js.l-

guide arm ^ ^ - i - ' U ' ^ A ^ W}^-JL ^ > ^ ^ -g-Sfl-S- 4

7lrfl€4. 2^} 7̂11 ^ ^ ^^S^g-Sflfe- 2000V!

2001V1 ^ofl
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4. ^ B

1996^

SLIL SU M g

^ ^ ) % , AECL^Il $1

. 18-g-

4, ^
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2.

1. Spacer plate

1) 3 ^ 3 7̂V

2) corner hole

3) cantilever arm^ ^ t g 3.71

2. Top spring

3. Endplate %•% ^

1*1" ^?fl ^ ^

wear pad^l -̂ 1 •
o>eflo)] chamfer

ID 10.45 mm

i g ^ : 6.9 mm2

27]]

wear pad ^-^

2.^0\ 37fl

wear pad^l ^|

chamfer ^A

i g ^ : 3.14 mm2

37]]

BEP/TEP wear pad
^-2]- s ^ B ] 47fl

•^•^1- chamfer angle ^ ^

0.4 mm o]^
Cooling holes 3.7] ^ ^

BEP wear pad ^-z}-
fi.^31 37fl

Corner hole 0.4 mm °1:§-

wear pad, hole ifl-r-
^ ^ i g a i %-7\S. n>a.
&$-ir ^-it-

corner web^] ^^1 *zr7\

^ ^ i g ^ ) ^^> cantilever
arm^ 7O>£ f^7f

BEPo)]A^ ig^-^- -8~§.



3. 18-g- ifl-g-

1. Endplate H # € 3

2, Interference Fit

Guide arm slot

(^}S.2flH 67fl)

Spacer, Endplate,

Spacer tube £-3

Guide arm slot
^7^1# #S}-

(pfssflH 3/H)

Interference fit^-S.

3- 4°1S. slot^l^
(^atfflH 67fl)

47H ^-1-6.3. ^ 5 ^

BEP slots! MM5L^ #7]-

BEP slot - g - ^ ^ ^ ^ 1



3. 4.
RMS

rlow Kate
(1/s)

0.0
2.0
6.9

11.8
15.7

17.6
19.6
21.6
23.5

X-Direction

Dominant
Freq.(Hz)

19.36
17.32
17.48
17.31
15.71
17.47
15.49
17.32
21.69

Displacement
(Urn RMS)

2.1
41.1
34.0
32.3
30.3

35.0
24.9
28.7
28.6

Y-Direction

Dominant
Freq.(Hz)

19.31
18.72
19.31
18.70
19.32
19.32
19.32
19.18
19.30

Displacement
(Km RMS)

8.9
85.5
45.8
38.2
40.3

38.0
32.4
45.2
34.4

5.

RMS

Flow Rate
(1/s)

4.4
7.6

10.2
11.4
12.7
14.0
15.2

X-Direction

Dominant
Freq.(Hz)

17.51
17.49
17.51
17.50
17.31
17.48
17.49

Displacement
(Um RMS)

39.0
33.8
35.6
36.7
39.9
42.7
47.6

Y-Direction

Dominant
Freq.(Hz)

17.70/18.69
17.71/18.71
17.69/18.71

18.50
18.71
17.69

17.70/18.50

Displacement
(Jim RMS)

61.0
43.3
52.4
55.8
55.9
56.5
60.8

- 22 -



a

DWG NO./TITLE
37-37000-

101, 36-GA

101, 36-GA

101, 36-GA

101, 36-GA

102, 18-GA

102, 18-GA

102, 18-GA

102, 18-GA
103, Standard Core

104, 36-Endplate

104, 36-Endplate

104, 36-Endplate

105, 18-Endplate

105, 18-Endplate
108, 36-Bottom Guide

108, 36-Bottom Guide

108, 36-Bottom Guide

108, 36-Bottom Guide

109, 18-Bottom Guide

109, 18-Bottom Guide

109, 18-Bottom Guide

115, 36-Reduced Core

116, 36-Top Guide

116, 36-Top Guide

116, 36-Top Guide

117, 18-Top Guide
117, 18-Top Guide

117, 18-Top Guide

118, 36-Spacer Plate

118, 36-Spacer Plate

118, 36-Spacer Plate

118, 36-Spacer Plate

119, 18-Spacer Plate

119, 18-Spacer Plate

122, Hardware Detail

122, Hardware Detail
122, Hardware Detail

122, Hardware Detail

122, Hardware Detail

123, 18-Spacer Assembly

142, 18-Top Endplate

143, 18-Bottom Endplate
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V
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V
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V

V

V

V

V

V
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y

V

V

V

V

V

V
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ITEM

1

2
3

4

5
6
6A

7

8
9
10
11

12

1J
14

15

16

22

DESCRIPTION

GRAPPLE HEAD
GRAPPLE HEAD LOCK

TOP GUIOE

WASHER
TOP ENOPLATE

FUEL ELEMENT - STANDARD CORE
FUEL ELEMENT - REDUCED CORE

SPACER PLATE
SPACER TUBE
BUSHING

SPRING
80TT0M GUIOE

BOTTOM ENDPLATE

PIN
COLLAR
CENTRAL ROD WELDMENT

THRUST WASHER

BUSHING

Ml
V

Tip

CO

SECTION D-D



VIEW 'A'
SOU T:t

ITEM

0
1
2

13
14
15
16

21
22

DESCRIPTION

GRAPPLE HEAD
GRAPPLE HEAD LOCK
1OP GUIDE

WASHER
7QP ENDPLATE
FUEL ELEMENT - STANDARD CORF
SPACER PLATE
SPACER TUBE
BUSHING
SPRING
BOTTOM GUJOE
BOTTOM ENDPLATE
PIN
COLLAR
CENTRAL ROD WELOMENT
THRUST WA5HER

SPACER TUBE
BUSHING

w

V
W

00

(N

n
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2)

i i

3) 4) slot

3. 36-g-
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slot 2) slot
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3) 4)
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3)

7JB)-
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6. 36^-

7.
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8.

9.
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45

SRI

-Cl. 0 R 1. 5 4 EDGES
(HALF CIRCLE)

SPIDER HDLE

10.

§MS(Zr-4) Aluninun Seoting Ring

Zr-4)

U . §>^- -f}-3E.̂ I (Bottom Guide)
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0 2 TYP

R5 TYP

D

. 62 REF REF

SECTIDN E-E, AREA = 1. 68 SECTIDN E-E, AREA = 2. 12

1*1-

12.
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13. 18-g-

14. 18^- - 1*1-
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15. 184

16. 184
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TEP TSP MSP BSP BEP

m

TEP TSP MSP BSP BEP

SLOT-TYPE FITTING \ X II Z^ SI OT TYPF FITTING

INTERFERENCE FIT

TEP TSP MSP BSP BEP

SI OT TYPF FITTING

INTERFERENCE FIT

17.
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18. 364

"*N

19. 364 s->^- - 2*]-
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V-shape Guide Arm

U —shape Guide Arm

2*}

20. 36̂ g- Guide Arm^ BEP Slot
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MOVE HOLE TD CENTER BY 0.4MM
-MDVE CORNER HOLE POSITION FDR ENDPLATE BY 0.4MM

CHANGE THE SIZE TD BE SAME AS INNER HDLES

REDUCE CODLING HDLE TD s>2.4 CIRCLE

CHANGE CODLING HDLE TO 02.2 CIRCLE

AfTER ANODIZING

30*

SECTION E-E, AREA = 1. 68

10. 4

AFTER ANODIZING

£ . 5
/H--L-0

' 3 0

SECTIDN E-E, AREA = 2. \Z

AFTER ANODIZING

SECTIDN E-E. AREA = 4. 49

21. 36^-
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22.

23.
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^x\

24. 18^-

U —shape Guide Arm
V-shape Guide Arm

25. 183- Guide Arm^ BEP Slot
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A 1 . 7H

364

corner hole^- *>^^-

corner hole o ] ^ A ^\%}7\ «}

A2.

corner hole

corner hole^-

corner

0.4 mm

0.66 mm<>lH 1.0

cooling holel-^ 3.71

A3.

A3.1

corner hole

subchannel^ -frg.

t^-ej- 67fl^ 0.4 mm f1

*}?=: corner
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A3.2 3 t ^ l n

A
. Corner web-S] ^ ^ V i r7} tH tcfe}- corner

subchannel^ -fi-3. * } # #

S. A-134

A3.3

1)

corner^- *]%•

A-2ofl « l a £^ls->^cf. ^V^^: corner web ^v\] ^7}S. corner

5.86 m/sofl^ 5.44 m / s S

2) 1 3 ^-8-5. ^7 f ^^ f

J5.S. MCHFR*}-

20.9°C5L

A4.

A^. o] «-^-^ ^ - ^ 1 * 7l-f7l ^ s : } ^ corner hole*

0.4mm

MCHFRfe 2% ^ £ #±.^5L ATONB^ 5%
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[1] Y.G.Cho, H.T.Chae, "Design change proposal for fuel of the first shipment of

2000", Correspondence, HAN-RS-CR-99-049, 199911.26.

KAERI/TR-1344/99, 1999.6.
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3. A-l. 36^-

Para

Fuel
Region

Spacer

Bottom
Endplate

(BEP)

meters

71 #

s .

*!<$
3.

£A
£3

7 1 ^

^ ^
« | ) ^

Af

De

Af

De

Af

De

Ksp,i

Af

De

Ksp,i

Af

De

Ksp,i

Af

De

KsP,i

Subchannel Number

Sub-1

13.97

5.73

13.97

5.73

8.60

2.01

1.0471

8.60

2.01

1.0432

4.14

4.28

0.5550

4.14

4.28

0.5503

Sub-2

17.47

6.81

17.47

6.81

11.18

1.92

0.9185

11.18

1.92

0.9151

16.56

6.31

0.1528

16.56

6.31

0.1515

Sub-3

34.93

6.81

34.93

6.81

22.36

1.92

0.9185

22.36

1.92

0.9124

33.11

7.79

0.1547

33.11

7.79

0.1534

Sub-4

34.93

6.81

32.86

6.40

22.36

1.92

0.9185

19.18

1.65

1.2253

38.11

10.89

0.2135

38.11

10.89

0.2428

Sub-5

34.93

6.81

34.93

6.81

22.36

1.92

0.9185

22.36

1.92

0.9151

43.11

15.68

0.2686

43.11

15.68

0.2663

Sub-6

17.47

6.81

17.47

6.81

11.18

1.92

0.9185

9.99

1.72

1.2939

17.11

5.31

0.1433

17.11

5.31

0.1421

Sub-7

5.90

3.42

7.14

4.14

4.15

1.32

0.6288

3.25

1.03

1.7507

1.90

1.17

0.5484

2.47

1.52

0.4824

Sub-8

44.85

5.52

45.69

5.62

26.74

1.70

1.1564

27.01

1.71

1.1805

21.22

3.74

0.4015

21.22

3.74

0.4049

Sub-9

22.43

5.52

22.43

5.52

16.39

2.33

0.5134

16.82

2.34

0.4426

25.27

7.22

0.2058

25.27

7.22

0.2040

Channel
Average

2722.5

6.152

2714.4

6.134

1743.9

0.9118

1689.0

1.001

2406.2

0.2635

2406.2

0.2635
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3. A-2.

ATONB (°C)

MCHFR

MCHFR

12.7

-

1.92

19.8

3.74

2.21

20.9

3.58

2.17
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NEW PROPOSAL

MOVE HDLE TD CENTER BY 0.4MM
-MDVE CDRNER HDLE POSITION FDR ENDPLATE BY 0.4MM

CHANGE THE SIZE TD BE SAME AS INNER HOLES
REDUCE CODLING HDLE TD 08.4 CIRCLE
CHANGE CODLING HDLE TO 0Z2. CIRCLE

PRESENT DESIGN

2)

A-l. Ifl-g-
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