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A System Automatic Study for the Spent Fuel Rod Cutting and
Simulated Fuel Pellet Extraction Device
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Abstract

A fuel pellet extraction device of the spent fuel rods is described. The device consists of a
cutting device of the spent fuel rods and the decladding device of the fuel pellets. The cutting
device is to cut a spent fuel rod to an optimal size for the fast decladding operation. To design
the device, the fuel rod properties are investigated including the dimension and material of fuel
rod tubes and pellets. Also, various methods of existing cutting method are investigated. The
design concepts accommodate remote operabhility for the Hot-Cell(radioactive) area operation. Also,



the modularization of the device structure is considered for the easy maintenance.

The decladding device is to extract the fuel pellet from the rod cut. To design this device, the
existing method is investigated including the chemical and mechanical decladding methods. From
the view point of fuel recovery and feasibility of implementation, it is concluded that the chemical
decladding method is not appropriate due to the mass production of radioactive liquid wastes, in
spite of its high fuel recovery characteristics. Hence, in this paper, the mechanical decladding
method is adopted and the device is designed so as to be applicable to various lengths of
rod-cuts. As like the cutting device, the concepts of remote operability and maintainability is
considered. Both devices are fabricated and the performance is investigated through a series of
experiments. From the experimental result, the optimal operational condition of the devices is
established.

LA &
AGFHARE AW TS 224 9F TN A WARA 28 AFe] AFF Pol= Anksto]
of @k, W) - 919 ARY A YL

: AE B 27 E5/A0k2), #HlolA, Wire EDM (wire electron
discharge machining cutting) 2 A@dd w24 5ol th o]de] 4714 wals dA5E Ay rE
AL, Ad 249 284 2 A5 55 A B4 43 tube cutter WAoo ZHY ARE Aom
AEAJT) tube cutter BAE AWA] B3 E Exlo] AYSA| o5, ATE 8% Wel A3l AY
AHAoH, o= 7|z HdPE Tt dF T E Adde AT =a, Hr)E LA

o3 ]
AN

Fo] AL tube cutter WS AASI A FHY
hoi] A

ASFHAR TR WEE A P % A el Ik T W F ASTFAARS 958
9 A4 AES BHAN B ow S PHe 4 THOR 2dA H% &S Fou WA Ao
o Wtk WA, olF weld A4 Wl AAA 2dd AF B Agete gu L 27)
e e ASE ud A 2H0R Aol AEHER Atk 9% Aw R A4
AFPAL A o) Agel dvlstel 974 22 WO FYo] £4E £ = TR TEI BA
o meh EYZ WES she] Yol WAFoH A2mAe] od f4 - wst GolsER shaiv,

21 ASFAARY AT 44 AL
AFANARE Ao £AA AT FA A WARA 22A A% Hgw o]

AbgFEd R Ad AR 2AkE 2 1o deErlled, A9 A= 2e] 2935 mm, =0

le]
1163 mm, ¥ 420 mm °|t}. 8 FALZE A8k oFH dAB8E IAAH tube cutter ATEHF %
AT Ad559 45 o2 Holdrh F8 A7 AP oR 7} AR = A AH e 74 - 5
3 o A E % A

| Abere YER Aol



A 9] AA

A

¥ 1. 98 % kicking A4
& 8 i 4 A} ok
motor/7+<57] SRDS2-15G/8GD 18 MI 220V-HP 15W/7+51] 1:15 1200 RPM
ball nut BNT1404-3 g 14 8El= 4
ball screw BNT1404-3-625L-]J11 @ 14 2= 4, Z°] 625 mm
ball bush LM16UU 16
shaft LMI16K o 16
bearing block BF10 @ 10
coupling(motor, bhall screw) SOH25C-10-8 J8- @ 10
E 2. A8Y feeding AAF
& 8 i 4 A} ok
motor/% <5 7] S7115/KS 220V-HP 15W/7+4:9] 1:15 1200 RPM
chain # 25 # 25
chain sprocket # 25 x 23TH B type 2173 50, 7 16 mm, <= 1671
bearing UCP 204 WA 20 mm
¥ 3. A8Y% clamping &A%
= 8 T A AF
motor/7<5 7] S815/GB 220V-HP 26W/7Z-41] 1:15
ball bush LMF16 U4 16 mm
i 4 ds5E EF AAF
e T A A} ok
motor/7<5 7] S7115/GB 220V-HP 156W/Z-41] 1:15




¥ 5. 8% cut feeding &K
= 9 T 2 A S
motor/7+ 45 7] GRHT7915-32/G7TH 7]¢] 3= A B EEH HP 100W/7<1] 1:30
coupling (motor, Ball Screw) SOH25C-10-8
bearing #5901 WA 12, 9174 24, = 6 mm
ball nut MDK1402-3 274 14, ¥= 2 mm
ball screw MDK1402-214L. A 14, = 2, o] 214 mm
.M rell SR201.-163 o1 20, 29] 163mm
LM block SR20
clamp motor S6R05DB 220V-156W #+&:4] 15
shaft LM 6106L o7 6, 4o] 106 mm
ball bush LM6UU WH 6 mm
E 6. A8 Y drive system A3 H
= 9 T 2 A} %
drive motor MSR-093M 24V-HP1.5KW 1750RPM(7}9)
bearing #602277 WA 110, 9174 170, % 28mm
bearing #602377 W 140, 2174 210, ¥ 33mm
<9 9p 220V ¥ 94
cutting motor S6106GB 220V-HP6W £ X x4 1750 RPM(7}H4)

kickingel] €3t ARE o]F




=
<]

7]
o A9 kick, roller, feeder, cutter, distributer

uhsh 2,

]9 device/part 2E %

-
A

Ed

i

3t device/part 2E

of

=
[e)

AgFHAR S

37N B

-0
o

2 7%

7. A A9 device/part BE

2

ﬁ.o mu,ﬁur Md_H ﬁ.o
J o
e ol A
RL h v 3 o
—= jark —_—
ol o <E 3w
Lo Ty g T 7
e.,w = & | A
T Ho e —_
o~ | o) T
I L I I - 1
) . ~H
il A B e s
— e [ —
N ™ Me | @ 03
T =g |m
= |M | 5 |8 W
2 0 4 =
Koo | Wow g
o mede| w0 | g
A EL o R’ e
ol o Tl gy | TR
mo © W ol| mo |mhmo|® °
R = e N e
TR |o m| BT R
N
= -
X 2 |8 |X
X - e
[ o mb il
: J
2 s 5 "
& g Nal 1o
- - ,ﬁIAH
BE| Ly &

31 8 la |¥ -

.| 2 | E o | B8
= 5|8 | & |3
) 5. F
—_ = =llo| .

0 < —_ [75] —
S ILEl gl
o o 28| 8N
M| Z | EBEBFL
BB |TR B8R WY
=
Q
g =22 & B
2

uls} o] Q% o]

R
1

Ao AAES 29 30X K

2.6. A& AT T cutter blade A%

Aw3t Ul

ol

@5t7] S804 blade?)
1 9

3|

st A(g Zh= 20.3°

A%

=
=

blade

=2
he

It

34\0

52 e

A, B, C type

o
A=)

ot 28 45 cutter blade®] A=

2 A A

27

Q
2
Q

B type

A type

o
A=)

3 4. cutter blade A, B, C type?] A4+



q

&t cutter blade?] 3]

S

7] 9
5

1

A
B

=
)

2] cutter blade
At} cutter blade?] 3

3|

=
o

3

=
T
A

FA .
455 1000, 1200, 1400 rpmo2 WA 7|3, o]F £EE 277, 227, 166 rpmO 2 7FHA 7]

3|

& ©
a2

WA A A

=9
[SRE=1

7%)

1}
=2

&5 9 FF(blade?

il

oo

cutter blade ¥ o] £%(27.7, 227, 166 rpm)dl| W=

R
1

o ok 7
g B
of =)
Tw ‘BO
_ Er
O
ol
g
b g P
&5 W
o X
oy ~
o o
LR
g
o) 1Dr1_
29w
5 8%
- OT
£ g%
B
W
[ oo
e
[ i
< m
¥ 5 3
T ‘
e
0
o 3}
= e
cal 780
oL~
N °
NS
o)) H
MW
= 4 g
W 4o O

C &, cutter blade

R
1

webs FHA e A =742 cutter blade®] 37 £ %5 1000 rpm, cutter blade

16.6 rpm
16.6 rpm
16.6 rpm

M- -
-A---
-

o

= ———

-

b=

B blade —&— 27.7rpm — —-a—— 22.7rpm --
C blade —e— 27.7rpm — - — 22.7rpm --

A blade —=— 27.7rpm — = - 22.7rpm --

S || oy | ea|—| 0|
M235245335
<
S n | oo ;oo —| =
R235234234
<
S ||| == o =
m234234233
A
B ||l oo
[~ OO~ |~
OO — || — || —
— — —
1 3¢) de) —
[} 0.8} o
4r N N 5
do| <o | R Oy
o ~ ~ N3
)
s il il !
(a8} ~— ~— ~—
—
O

1,400

1,000

1,200

cutter S|A4EE (rpm)

(A:203°

°)

, C 1531

, B 1286 °

1% 5. blade ¥ o]



AAA A= FA

SHA] gk o]

Aol A%

A
=

|

AT wEol o= =l

=

el Abga AA

= 84

R

o o] %

J <

ARE Ads] Sleke] 71AA 2Ax

o &

BL

—
o

1

o

]_

L BT Bol

3} ot 74

= 4ol 738 mm, %

28] 27

Arxs 29 69 vedsled, &

pS)
=

A (=),
o gl

5
CER
ubs} ze},

9
=
1—

2 lEe £ AA
B
9~1104 =

>~ H
FH =i
PN
g
o,

—_
W XX
S

w

[6]6]

-
[

9. et %3 jacke] 4

2

A&n (L)

sl (kg)

58

1950

4r

=0

s

~—

626

A< (H)

ot
C}‘-ET,J_

&]-&7k5 (kg)

920

min)
1878

N

Jog

~—

1,800

T3k (Hz) | 8] 4 = (rpm)

60

| kw)

0.75

il

el

o6

10. AC A¥ 28 A7 9 AL

37
st

(kgf - cm)

ARA

6.5

(N -m)

0.64

T/
A
T

rveel

A

200

Flange Size

60

AbF(=efolH)

2002

e

1w

<
0

CNOZ

R
S
K]
g3
I - e
5
Il
o
mm
UGN
)| 7
Lo
g
.| O
e
=
1
%)o
ﬁm%
= 25
=
~
1
%)o
ﬁm%
"
_r
ﬂo
Bl
=SS
v | Bt —
| <=
=
~
\AI\I/
Af/m%.
Z | —




. Az= 34 _
A A 99] 7 o] E(kW/s) e o = ZF(kg)
43.6 Incremental 2,000 Absolutel11/13bit 2,048(p/rev) 1.14

¥ 11. AC A 29 =gloly] AZA D Alek

e Q4 A9 48 wy
Rk ANAFED | AALBRVAD)|  Agwm | D= A AdEHAR
) A)
34 AC 200~230 3 AE
FDA-5002C| (V)+10/-15%, 0.8 53 2.1 6.3
50/60(Hz) AC AW EH
33 AbETdAg 24 9F FAH AEH A
AeFAAR 2AA B4 AEANAL 17 TN e veh mo] 244 A% 4A A% TAL
5D aelHon wdga 4AS ofaio] 44 AN ABeoldd A JEd Aol 17
18 (D ARE QRE WE BT S0 9F FAL 0%, OF L0 9% roary A4, O
Q27 a7, B 247 A% (O hull 1% S g 24 AEd0)Ae e 20
RAA A% A 349 A mEo A mael Ao AR 0 BRE P, X
qoe HES Bas] o AR e, A2E AAAT SPae H5E 447 0F T wn
B9 #4eE 04F S0 wEE TAE0 A0 AN Ads wel Agndne 43a ]
g A A AAW, Mold D TE vy Se) wEZ TAUY. e AEHL 2AAS AZa
CoqEd, 9700 @ vy Se) wE A% W 548 o= i solt AZE TioE
sme) So wEE EAEC 9
sgos e mdgd

kinematics, DOF(degree of freedom) 5 %k
a8 2d A kinematics 27 FHel 93k 7B AA

i
e
o
S
o
_E
©
N
iv)

hull ¥Wi<



Bl

T4 2 kinematics &t

Ao G
mwmﬂmo <
T B
BoH o
= W é umommm
% o T
% ~ & BT P
iy 3 i o T o] WO
w 52 [aN| . ]J!Eo _i
2 S ~ o
| ~, A o) gg RET
5 e..ﬁﬂe.. mY mmm OGS
3 N SN s @ S NR ~
2 ENEEN BLEnLE i
N cgoWg s T B9
SgEngs R N
0 S ¢ ) ' = W
n_b. rﬁ_A . r || _ M F w‘_ ﬂ
<0 X
o ™ 3
v ™ 7 HT,S
- Bk
— n_AlﬂAT
m T xo @ K
o™ © o
+ .mEo ™ i ﬂﬁ
= = w T o
o0 3 wT m CY
ﬂ&l .mS - . \NL =t
75" = P g
MR I =3 =
G xb_ﬂ ) o ® O
eﬂ_ﬂ%y IR 2o E X H,m _ @
SR e Bl £F 5 Ramed
Edw Bt MR & E gl 7 *
I [ ﬂoﬂ.wbmuuab
~ — S R
KO T 8 E
N 1
7o o o z.e 1 EO W
@_ it w8
B W R ]
mm ﬁi ﬁi ﬁa ﬂw ﬁa ;oT Lt
£ B A N GG
— En_v
S _ n = XR
2 M ° M T oMoy
© o Lt T
£ o2 G IS
* % bE
o iy utl
o g} Nrﬁo ﬁi n_AIHT
o
< 2r
[N Jl Hﬁ ZT

A
=

Tl 284

o]

tsiem, 13]

o]

t7]
g

o]

g
2.
=

=

o =
.
<]

[e)

L=
=

A7

AZE AFEFHAR J|AY 2FA ¢



26, AHEFHAR 22A E AR Ao ¥ 2
AREFHAT VAN 224 E AR A A A= ' 9~10 # 3 13004 2= ket
ol 24A Fead BIT % oM, 28A = A L 96.3 kef= HERS

a9 9. 2o A 35 & (%) %100 284 dE Hd @ (keb)

F 13, 370, A=), dlkef)

Ad 3 e T Agd FA@ | 2¥F 7A@ b (kgh) A ZH(E) 58 (%)

tube 71 5.694 5.705

1 tube+4 A A 6.952 6.952 82.1 6 99.1
AZA FA 1.258 1.247
tube 71 55 5512

2 tube+4 A A 6.981 6.981 98.5 6 99.2
AZA FA 1.481 1.469
tube 71 5.702 5.712

3 tube+4 A A 6.744 6.744 90.1 6 99.0
AZA FA 1.042 1.032
tube 71 5.419 5431

4 tube+4 A A 6.462 6.462 83.5 6 98.8
AZA FA 1.043 1.031
tube 71 5.494 5.502

5 tube+4 A A 6.535 6.535 100 6 99.2
AZA FA 1.041 1.033
tube 71 5.497 5.509

6 tube+4 A A 6.446 6.447 82.4 6 98.7
AZA FA 0.949 0.937
tube 71 5.492 5.499

7 tube+4 A A 6.545 6.545 82.4 6 99.3
AZA FA 1.053 1.046
tube 71 541 5.429

8 tube+4 A A 6.962 6.962 118 6 98.8
AZA FA 1.552 1.533
tube 71 5.399 541

9 tube+4 A A 6.636 6.636 82.8 6 99.1
AZA FA 1.237 1.226
tube 71 5.702 5.543

10 tube+4 A A 7.074 7.074 143.6 6 98.4
AZA FA 1.372 1.190
tube 71 5.531 5.543

HFk tube+4 A A 6.7337 6.7337 96.3 6 98.97
AZA FA 1.203 1.190




X

A 29 1ol vehisde 29

uhsh zrol, A

R
1

oA =2

bottom end plugts HE9 &7] 4

o} o], top end plug =

d

|

HA

o

W o
‘ld.ﬂ
T

o ™
%out
= %
% T
oF B
Ay
,lnﬂwﬂ
Ay
\oloﬂ‘U_l
® W
LU
iMW
227
Eﬂ_vd”_o
o O
N
B
T T
_ﬂ%HTW
ﬂ.im
g o 2
g m =
2o 32
-
SEF 8
2
do
z.e]_lﬂmo
MLAQO
T X oW
W B o
i%ﬂr
;OT),H_OIQU
A
;.OLOPAI
o B
aﬁ%ﬁ
EEO,W
X 7 .
s T
W
T

kicking®ll ¢

rotary &7

=
=

il

=
=

hull =)



4
it
it

7l

=

A 3 HA, AR

)

o 1

Akl glolA tube cutter WS Aste] A4 Ao A% A
_]

=
2 0 $e] wASA ka, A
C
A

e
ih3
&
re
fu
oft
pd
uf
>
r\ r [U{E OI'U:

type?] bladed] Wizl At 3A 2H

TE A Aol FE Aor APFHATY. F WA, AFA <
sto] ApE 24 BAOR FEHE A .
1% Aol P& 963 kgt o3, AAA SRS BT %2
t}.

9
ofy
I
t
5

O o
05~
olr iy E
it B
g of Y
| 3 ro
4 o g =2
<2y
S
o f
frid

o oXl
i)
1o
rg
)

M o Ml
o

b

frch

b

i>m
i
__>H_',J
o

.

o
©,
o

32

Hoy
g Lo

N o

)Y

o

offt

ol =

i

¥

b4

e

)

=

>

rir

o
ot

B o

__>H_',J

do o
2

o
lL

>
o
ofg
i
> o 2

L @ o i
PN
=Rl
Ol-ﬂ r_‘m
o
s
i
e
m
A
"
32
=
B
o W}
o
i
O~
T

h

ET
© >
b
OEFEFOO%‘

flo

i g
Ir
o
&
wa B
i
__)H_vg
i ok
Ix

oo T
i
e
N
rO
e
_}L

4
o
)
r
i
1o
=
it
ofo
o
ol
1o

_i {
jirc)
o
o
it
2
i
X
32 o
o
>\I
lo
il
)
i
)
ui

=
e
e
o

[11 A.A. Abdel-Rassoul, HR. Higgy, and F.H. Hammad, "Decladding of Nuclear Fuel by
Rolling-Straightener Technique”, J. Nucl. Energy, 23, 551 (1969).

[2] F.H. Hammad, H.R. Higgy, and A.A. Abdel-Rassoul, "Mechanical Decladding of Nuclear Fuel
Elements”, J. Brit. Nucl. Soc., 21 (1971).

[3] Matcheret and M. Bourgeois, "Mechanical Decladding of Stainless— steel-clad Oxide Fuels”,
CEA-R-4469 (1973).

[4] ¥H< 9, “YAsAz D T4 71/ KAERI/RR-1744/96, st A8 A+ 4, #35H7]<&
=], 1986.

[5] W. D. Bond and J. C. Mailen and G. E. Michaels, "Evaluation of Methods for Decladding
LWR Fuel for a Pyroprocessing Based Reprocessing Plant”, October, 1992.

[6] Westinghouse Proprietary Class 2, Chapter 2 : Zircaloy—4, Rev. 6, Oct., 1993.

[71 K. Fukudome, "Mechanical Decladding by Rolling Straightener”, Technical Report, Kobe Steel
Ltd., July (1997).

[8] o] &% 9, “AH&FHAR

9] =3 9], “A3 - FF=E
71eA, 1999.

[10] A3 & “vjtsts] (71A414) 2o 23 A Ad=3A WAYS /g, KAERVTR-1418/99, k=
DAFE A4, 1999.

[11] "Fuel Rod Consolidation Project” Final Design Report Contract No. DE-ACO7-86ID 12651.
DOE/ID/12651-2-Vol. 1 DE88 004219.

[12] 743 &, “ArgFaqds F2/48 474 2 das Ada4x /i, KAERI/TR-1604/00,
gk AR AR 4, 2000,

[13] BAF <, “2 ARSEAAT 744 HZA dE: 249 47, KAERVTR-1676/2000, = =}
A4, 2000.

[14] A% 2], “Blade cutter %2 o]gt AL ATE A 4 78", KAERI/TR-1662/2000, §+=
LAFE A4, 2000.

=N
[e)
AAFAEF7] 7)€/, KAER/RR-2009/99, st=HdAH A1 A 38t



	분과별 논제 및 발표자

