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Burst Properties of HANARO Nuclear Fuel Cladding Manufactured
by Double Stem Type Co-Extruder
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Abstract
The burst and expansion tests for the cladding using both gas pressure and a tapered
punching were performed in order to predict the fracture strength and elongation in case
of fuel being under the internal pressure during irradiation. Lots of defect in the
cladding, in some cases, were observed in the specimens showing low fracture
toughness. It is assumed that the use of lubricant on the punch head during

co—extrusion process the affects the strength of the cladding.

L AME
stz 5 ddae dFuy JEALS FAd 294 dds S FAE
T F8A F5E HAissh ddm 8o s oAstn ddw Ao #&
(swelling)oll °]§ MPaIE At -4 EEds Jnsets 4TS
ahz} IEAZE Al 10605 AHE8HH Sldm AAE v E5sh= W2 500~540C
o] &FulHE 1060 billete] = dieE T & o AR 4o] cladding = &4

= = ]
=S 9sle] A Lol single stem™

yqyi‘_c‘:}% WS ol &35t Ao w4 9&

jHE718 Aot diesl 283t 4550 8] FHET} diee] opdl 4
ow HAHE B2 oﬂﬁom %—a}of] #9- %k koA billeto] AFEHA
claddinge] ©]6]x: double stem® 4E71E A% YA B4 2 gEe
S LSRRG R U EoA OHE*OVW el FHAE Fe] Ayl



Aokatsl = & Qor] B0l double steme] FZWAL T A9 billeto] A
J

< 3
H A ﬁ]—"—ﬂ— o] ol A 7] wiZol billet 3EWHE] % ﬂ]7} g 5] A" dgFE v
A dom billetd] olF AU K& Fol LAHH olFlo] FEA T EA &
JHo] FALEE EFo] vE o] dEr= °J°]°] 2 Uk R A5 A
ey Hy AL AAdE 577 5o 15v0l%o] U 55@1— %‘i”ﬂ.o] BAo s
AFRE = o dFuE 9E PHextruded round tube)e] <177

7

o, A& 50mmol A Hx 25%% st ol 2 "a‘f@ | 41 3= double stem

A GEVIE ol WE Ed dAdne v gl A £F Ughe
Aol & (swelling)oll 23t Lusjgo] o] Aol w AL &
= dS5et7] flste] sb® A AIAF} tapered punchE ©] &3t
A

e

Joy %0,

(<! E?.; DN DN
Jl’E 1% = ﬂJZ
oo
iy
=
L

RJ
)
2

X

=)
o)
w
3
lo,
e
u
=
o o
2>, off

12 o
fEo¥R oo o>

& o

[e) —1

5 1 8HE st g 3 %

AEE 7 78mm, W74 6.35mm, T+ Zo] 20mm=E 7}& 3t
dAe] Aol 150mm= sto] 19 13 o] Attt g3k A3 A
ZS drilling 2 Adb7bEo 2 Zlo] 26mm WA 6.35mmzE 7hEste] Al AE
st of2 ¢ %2 tho] &5 fld AASY stes vS 5 JEE 19 2%

of Aztetgith. Aol AgF AAsh WRAL BE Al 106008 Ao

W e pe
ol
-
s

o
=
)

fo H
>,

2
a)

200 tono]w F 7Bl billetS FAlA &
+= double stem type©] = WA 540CE o d3t 2709 billetS
# die blockel] %L Smm/sec-‘ﬂ & Z 3 tho] od *&=vwkS 48
0C, 500C, 520C= v=2A 3t vy 21L& 55 sdoA 3t 3T/ AdS
*E AT A AlEe Hd GE dES

assembly nipple 2% 40°nipple®} die Abol9] FFHS 0.7~0.8mm= Z Y3t A}
E3tArth o= HE AlEe 3 & Ede] &4 AFES A &H 7= Ho W
=9 6kW &dFow 3592 ddx4 UEd AT (electron gun)S A&t 83
Z7L 7FEAY 60 kv, ¥AF 86 mA, £HE5 % 617mm/minE 4 &34t}

m oft
i<l
X
/A )
ne)
BN
ox
rlo
=<
—
o
L
i)

°
offt
o>,
A7

N
—_

¥1. Al 10609 x4 33t =X (wt%)

Al Si Cu Fe Mn Ti others

99.6 0.25 0.05 0.35 0.03 0.03 0.03




o
Vol
=
T

ol

3t extension

S

AL

[e)

A7) 27} A

swage lock

3 A

9

571 )

S

7

o

=

1

-

. }\] I
10cm ©] ™

[e)

T

ZF(uniform zone)
adaptor ° 14

op

2§48 o

100C+3T

ol

—
fite)

1o

NI

i

—
file)

el
_ZTI
it
N

N

o

i
)

fie)
_ﬁﬂ
o

il

B
Vol
v

=
o

Fom 100Te] & ol

o

AL

# 9d Alg2 30ton &
A A& tapered press punchell tsle] 4

s}
2

~

"

ﬂ

el

—_
o

—
o

)
T
K
‘_IV‘V|
pg
ol
<

ASTM

[e)

T

J

A2k

_g]

B811-97¢] +%4%& st

)

o
)

B

B

Hleh 2ol 3%l A

1
T

2014 H

]
\_lryl
T

T

;OU

oy

] 5]
g

o

1

1.

2

dieE E33pH A ¥ E(cladding)®] o]FoIAA

ol Wl F 7}¢] billete] vh}i= FE9

Hom o

Double stem type B4 %4ZE W2YS 2719] pillete] tho] B2 Se|A] A& )
3

)

bonding ©]

A &
Fed punche]

T

=]

o

g 9

b o
th 19 39 a) CT480, e) CTH520Be] 4-9-# ¢

T,
=]

Fupael AgEel A48 W 1
=

e
jius

A

A = o

o
o] g A (MOS2)7}F cladding©l]

Eanis

B
T

HHozm =

A}

d)

=1
=

b Z1g 3¢ b) CT500

el

=y

N

CT500B A

s

W

ﬁo
jmi

s
A

A 7

A

il

LER CT5204]



e A3 19 49 a)dlA B F A AAFH BeEe] vEF x¥E o #
ek g3 AlgollA 9y sk 2 AT W A gl M #e Fo® UE
W CT500B AlA el A7Z4wes dus #23s A3 17 49 b)e} #o] viEe] F
A Wgoz Aol AT S B & glon oA F billeto] FHA = AW
29 EsEe] £4or AzdEYy. wekA double stem typed FA FE7IE AF
g3t AARE IE e A Hd Ve A 2 ARE 29T e ol

$ w7 WEel bilet TAe] AA AT Fol7t Bas oFAe A
H
i=]

T 1 34943 dolg AxAs

19 g g (A EH A5 AANE F dFdo||dauy dAEgE A=
AlE NS

(bar) (mm) (mm) (%) (Mpa)
CT480 170 7.82 26.8 9.16 80.1
CT500 157 7.83 25.2 2.6 739
CT520 138 7.82 27.8 13.2 65.0
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(kg) (m) (mm) (%)

CT480B 150 199 26.7 33.8
CT500B 40 199 20.4 25
CT520B 240 199 29.8 45.8
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1. ASTM B491-88, Standard Specification for Aluminum and Aluminum Alloy
Extruded Tubes for General-purpose Applications

2. ASTM B11-97, Standard Specification for Wrought Zirconium Alloy Seamless tube
for Nuclear Reactor Fuel Cladding

3. At &, KAERI/MR-360/200, sty =2 s 7b&
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