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Abstract

The material irradiation instrumented capsule system has been actively utilized for
the wvarious material irradiation tests requested by wusers of research institutes,
universities, and industries. Because of the up-stream of coolant in HANARO, the
instrumented capsule is supported or fixed at 4 points such as bottom and top of main
body, top of reactor chimney, and capsule robot arm. The bottom guide assembly of
instrumented capsule, used in high pressure and velocity of coolant was designed and
fabricated on the basis of the design of HANARO drive fuel and has been partially
modified due to various matters occurred during irradiation tests including 02M-05U
capsule. Therefore, the new bottom guide assembly was designed and fabricated to
solve those problems fundamentally and it’s integrity was proved through various

out-pile tests. The new design will be applied to all of material and creep capsules in
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AR A arm-ringe] £A/EHE AL, arm U £ FAEAS] FAHAt
[12] (¥ 4(a) #FF). o213t 3ty guided arm-ring H<E FY 9 &AL 23] A of A
HrlE R g8 WAl JlsAo] AL Ho g mFo aEote &40 F=ANE ug
Wzaol Aol oFFIV) =2 go] o3 dAPS 7hsAdol Azl FFHATY
[13]. gA &€ 02M-05U #&o] 2AAE S &Sk 2709 arm¥? rings A AS F 2
A ZAA RS s [14]. o1& flal] 02M-05U & A E S 913 arm¥} ring
A7 X YR ZAAAAAAE ZAdste] [22], 24MW CToll A 1593F 23} ZAA] &
= T8, FEskE 2709 arm 59 st 44 FAEAGT (2LH 4b) FE).

FH

Aoz AA AR FEH gu WA Ae FEE Aol
Aol e Felel 1A ¥l A&kl Al dEE= Fe-ok stdEF FHE s=2=
at/uge] Wzt o8] e 2 F(FIV, flow-induced vibration) 7]¢13F 32 33
2 FEAT 8131 AdARl oY d= F2 o x7] stay EF BAA FEI Adoew
FEH olF WAsy] fste] ¥ ZAMAE dAE Bestal st 3 o 2go]
At e AAAE AT [921] 2 ol#R A Folk ARG 7]7ko]l Fofdel
upeh sheki EAFo] Apdetel wel HA E4 Ao FIvel o3 dmutije #ajol &
Zbetal olth ¥ 5% H £4E 02M-05U &9 stdt &4 ik o) Aprlo s
A 923y 54 < ‘chevron pattern’” % 'clamshell mark’ o] [23] 47 ##H7| %= 3§t

549
gou 35 2745 2Ae] Basi,

5. A% stadF HdA AA

02M-05U & ¢l atei- guide arm FAMs &4@d] wat [12], €<l
12k A A (]b ol 2= lal [15], ool Wik A 5
(I’ <tel [16] HAF mtEHAT. olol wet dAY 2 21 mock-up EF-E AA/A

zZhste] =9 AIFAIAS o] &5t e AeE 54, d¥Ast 54, 2E2xd 54, ©Y
54, 748 55 TFHAE AF Hrlete HARGDS AAstAT [17-19] (A& &8t
G (2 6) ). Ay fE SR Sy 2ol AANAEAL

1) Ring ¥ arm& sto] &4 9S8 A ASATH

2) Rod Tip A4 W7
- A4 W7 (14% cold worked(CW) STS 304Z(Z-& 316)) ; Zircaloy-4 &S STSE
Ao A o]Fa &Y EHETAE (. durzQl STS 3049 4% &24¥d
o} 27} % (vield stress) Ftol Zircaloy-4°] Hl8l 60% A== Yoy 14%CW
- SEI AEE HA I JS(2F 160%) (£ 2 =),
- 6}-‘? neck ¢ #AAE 7]& 66mmolA 6.8mm=E 7]%ow = At
- AR S£HE s ANREoR JhEe HYE 3094 35mmE 7.
- £35S EB weldingoll Al TIG welding®. = W74,
3) Bottom Guide Body W7 :
- Arm A|ASY] T ring o2 WA,
- AA WASTS 3042 W7A) ; Zircaloy-4 AAAS STS 3042 WA, T4 % Wil
Abshur g A A,



- Bottom guide body(ring)?] ¥4 <& 19mm= o] (EYLA AL 4$ 18mm), A
#9] Spring &< #1¥(F ZelF bod =
WEo e 1ZAPA e &
4) Spring W74
- ¥ €5 F9 round Al WA (I A whE AR
5) Bottom Guide Cap ¥17 :
- Cone o2 A|Z3al bolt 7+HE .
- Rod tip A2 FHAHE A8t $lste] o
| A sty dANA Y gAste] 3
tool®] A& WA 9 TEt He /A #
kg/mmoll 4] 1.0kg/mm
Z g 7oA Inconel(X-750) A&
AstAch [19]. olo wet 122 A% $2.3mm®] Inconel X-750
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1 A

2 7)€ 2xE A g 22y A4 1.0kg/mme EXZ AAFES AZste] 54
S Hrtek Ay Ao AR HddAA] A2 2HA ¢ *“t‘“ﬂo] dojup dAg 27]
A7 (free length)©] Z]\ZH Tmm7FA Z9] Aol WG WHQo] wE Axe] Al

o] F& =tAste] A A8 Ah

kA 23pR A _Tvt':xﬂx—}’\}ﬂ'g ZlEgold wet (2xy A4S FolW AR
At 2o5) 228 A4 $2.0mmel Inconel X-750 ¥ X-718 AA=Z 22} AJAFS Al
Zetitt. o] A% 1Ak AlEel w8l Z—ﬂtﬂ LA o= AFAS

o WD‘

o)
28] AT AAAel vl v 7] Aol AEstrel F-2 skl

olo] 3xE E ThE A x*—‘jrxﬂﬂﬂ/‘}o] g~z (F)9F Foote] ~xy] HAA ¢
254mm?] Inconel X-750 M A= 3%} AlA|%E 2FFE 5/ AZSGTE 33 A AL 1,2
2 AAE Ao RmREH WEzl 7S AAXY Ted dAE S557] flste] 7]EY =
s Bt A GFE FA Fv 1S A AAE WA ARt AAWNA
FOAEE 1) 228 WAS S7HA A4S E FATo=ZA HAgEIA g e AF4
AAasE Ud, 2) AFES g7 dAl 22" AeE S7HAA AEAA steRds
TEA 7] Solth, AAES HOWY 2mm7tA] AZE AFES A& oR A9 0
), 33] o] AlFste] Az AAAS el A@AH 33 AAFE 2FTF BT
Z7] B AAF 5ol Pee AR AAFA(~-218kg)SE ZIst= T 7IEARD He
AALFAE ST (R 3 FF). B3 AA stURoA e fE AN A5, fE
AAE AR IYUnFEH 2AZLR aAQ/AAGH, fa A5 Bgore Wias 55
e AL W AR 2EYHE FET 189T S T AR ARHIAY. ARHor A
A ~xE] 2T R AE AFEERACA A9 Hmd AxdE stESAS Holu, 7€ s
o] AF4 62mmE 7etste] AF- 53mm 2EZH S AE s StEE AxZeo g MAAT)
a1, olo] waEl ~x7 AF FE2] bottom guide body % bottom end cap #¥d HH= A
ARAsATE olegldt ~xE Fojo HAAWAE Bt d€% PHe 2} A4S Vb
A gemA 24 tHPdE A FIANZE F 21% Aow 7lgAr}
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8% ol a1 2ANEF AW BAE B 2ANG Aol fad P
Y HUrE FF RE AR A% L 5FEAE duol 482 5 AL Aot
5. 4 &

S ddne HPRE JEoE sl AA - AL AE AVRE TFd AN
@ ANA ofe] £go] WAF AR AA MM gk AFAE ARl &4 4
Q1 R} ole] mE 2AAGAA WA Aol FAHYOM, oUF &4 FAEL
wroz Ay A% ARe A& HURT AAWFAAG. B U ALl
wo] AGALelAe] B P Ay AEAYL B3l AY e Ay 4AE wE
of N g Agsgon, oo mek AP Bk Ao duy Pz AN
FPAAT. A A& HeRE GF BE AR 2 29 5 55 249 4¢ 2AAY

ATE H7)FelA AT A
Aso Sy A7PAT AN
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F7Id, stYdE IR2 AT ZAMAE WY A E4], HAN-IC-CR-93-002,
1998.8.17

AES 98M-01K 8€  guide spring % g AA WP ol
HAN-IC-OT-98-006, 1998.12.2
98M-02K #& 3teH Guide Pin 2%, HAN-IC-memo-99C-012, (1999.7.21)
F71e, 00M-03K <& 35 Bottom Guide #HY £4 HAN-IC-memo—c1-927,
2001.9.11
F71d, ddE, 02M-05U <& sty Bottom Guide Arm-Ring ¥ &4, =
memorandum, HAN-IC-CR-03-007, 2003.5.14

70, 994, 2M-05U A% swy &4 4984 2 ad, shix o=

A
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22.
23.

HAN-IC-MM-03-001, 2003.5.15

stz o] § A, Al 20%F A= <bd Ao 3] 3], 2003.5.27

T, AR e stdR AANAGD, stz WHEAE, HAN-IC-CR-03-011,
2003.6.27

T4, iz 2AAEE A E
HAN-IC-CR-03-C013, 2003.7.17
T, A e Ad sdE =9Ad Fe, stz 3o =, HAN-IC-MM-03-002,
2003.8.29

438, 953 Sur FEE 2= Aed =94, duE EnaA,
KAERI/TR-2655/2004

F1d, Ad AL S FE Guide Spring A wW #HUE YR JREAE
HAN-IC-CR-04-001, 2004. 2. 2

T, sty = AAWE 8 A, HAN-IC-DCR-04-002, 2004. 3. 22

F71d, AdAE 2ARAE AAkA, HAN-IC-TP-02-002, 2002.4

F71d, 02M-05U A& 22k 2=ARAIE Ak, HAN-IC-TP-03-001, 2003.6.4
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Table 1. A28 A8 ZAASE A% Ae dT %
=g o 8 A AE ) U F- EFES st
GEM.-O1H | KAERI ETZI4, Incozet | 15-22WMW CTIRZ, 1409 i
sssimimennd) | (Coptuiey | TENHIEICNADY WY} | 5o asikd | 2ip-zeste 1 Sowi0? nat [0 FR11 22
OTM.01K KAERI 5P/ Tensie ! Charpy ETEI0L, 20w CTARZ, 054 & ms gF
(Capsue) | MBE 1 TEM RASOE-3 290£0% 2 Bl 0™ nemt f=f=
SEM-O1K | AEF) CT/Champy /PCYN / ABI maspE3 | SCMWELOAW e81 Fi
faze-tmtmmaid) | [FPYCE0 | Tensdle /MBE f5P [258] 0+80% 4 Sl 0™ nhemi Y,
KaERI CT i Chamy /PCYH v CT 23§
YOM-B2K | “ipeyy  |mBE TSP eazmg | ARSI fogpigpee agetp wemt |P0%0T S
KAERIRPY) | CT ¥ Chanpy / PCYH F &BI 21w IRZ, 3 i .
DEM-ATK | ke | Tensie MBE 5P pad) | SASIES | Soniio%e § oo™ nemd ooE 2d
= | Charpy fPCYN {ABI 20MW IR]. 3 9 s
S9M-02H | HANJUKG | o pes 5P [1d1] SasDe. 290+10% 2 Si0™ niem® ong 2d
 harpy { Tenalie § Growth ir JAWW IRT 10
0OM-O1U | UNNErs®E3 | 7upe ' Tem / EFMA (B0B) | 54305 575304 | 200-350°C 10107 i noa. B4
WAER| T Charpy /PCWH BASOE-1 2MW RT3 Y =
O0M-02K | "\poyy  |mMBsisP (eem | (PRSUAELT | 2a0s10% 2E000% pomt 01.5. =d
MAERI Cimmwih { TEM Zx aloys 24MW IRZ, 11 -
00M-03K (Zr BTIRCM] | Tensile 8T | 5TE ¥4, Crbda | 30003307 1r:ﬂu" nicm® oe =4
HAERI Tenailel Erowih & ardness Ir 2Mniw CT, 30 2
QIM-BBL |, versites | Tue s Optical { TEW (27] | alCu, Tialloys | 390-350°C 3 21 iem? s 22
HAER SPrTensile { G hamgny ) ETEiCr-Ma MWW CT, 2089 -
a2M 08U Jniveriities |HamdnessJ)Ophca  [RER) |EFY &--Cufag, Ti | 290-330°¢ 3801 0°F reem? 034 &
SAER CNarfy s PCWN / 5P BALH-] Femls |MMWCT B8 .
02M 02K (RPY] Tenaile i 281/ TEW  |[TTE) [IHT, 1y M0+t &L£010" niem® s H4
HAERI Baw i Charpy ! Tensie ¢ STS/ SAEA-3, | DR-20dW CT 14 ﬂ
LEL R Iniversiies |ER ./ TEM flly | FelralCo-dg | 230-320% 3 710 ipm? n4s W3
Table 2. Zircaloy-4¢} STS 304 A 22 7|A%A EA4 vlu (L)
. UTS Elongation _
A 4 Yield stress (MPa) =4
i (MPa) (%) N
Zircaloy—4 363 532 24 1
STS 304 255 607 60 2
14% CW
ST; -y 588 695 42 3

1) 02M-05U capsule EMR, rod tip specification.

2) 02M-05U capsule EMR, spacer ‘s

3) Mill certificate, (F)&723 4.

(STS 304 rod)




g gz AZAE Tool 8.9m
(36%) | wxn VY 7% A(AD | 7125TS)

371 % (kg) 6.57 36.3 24 40
58 (kg) ~145

A2 AAFEAke) | ~51 ~218 18 37
Spring 4 (kgf/mm) 0.8 1.37 1.0 1.2

2454 (mm) 625+05 53 625:05 | 62505

=A% (27) 62mm)| 359 34.9 35.9

2729 a5 (kg) 216 25.7 2.1 31.32

AN ZastFke) | 29 34.9 35.1 42.12

&% A2 (2 2)(mm) | 9(7.4) 6.65(5.5) 9(7.4)

BT o (ke) 23 <3.5ni?{5ﬁ%> 5 15| 2 St %)
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(A) 9TM-01K (B) 98M-02K (C) 00M-03K(02M-05U)

a9 3. AR ZAAE S AFAES Bottom Guide AWM 7 o] €

(A) 12 &% (B) 22+ &4

a9 4. 02M-05U & stdi9l 1, 23 A E S &4 2
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