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Abstract

Cask is required for the transfer of spent nudeek. Cask is consisted with
flange, shell and bottom part. Generally, the di@mef the cask is 2000 mm
and height is over than 5000 mm. The shell, flaagd base are generally
separately manufactured and fabricated by weldiegittogether. These each
products are manufactured by hot forging process

Nowadays, monolithic forging of cask is requirechtwouously. Body-base
monolithic forging of cask is advantageous as amemical manufacturing
process and better reliability for nuclear apploras. Backward extrusion is
the simplest method to make a body-base monolithiging cask. But,
because of large size of the cask, forging loddgker than capacity of press
of 12,000 tons.

Thus, we suggest piercing method is suggested sing two different type
of performs. Squared and circular bar are used.

The important point of the piercing process istioic load supported by
container. For the successful forming, the valudriation load should be
larger than the compression load on bottom die.

Through the finite element analysis and paramsttidy of design variables ,
those are die angle, groove length and flange rieisk the optimal

dimensions of preform and die sets are determinedrder to develop a



suitable forging process for body-base monolitbiging.

To verify the result of finite element analysise thhysical model of 1/30
scale of actual product using plasticine was cdroat. The result of this
experiment, deformed shapes were very similareditiite element analysis

As a result of this work, the special piercing neettwas developed using

blank material consisting of a flange, groove amqubsed part.
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Table 1 Boundary conditions

Blank temperature() 1230
Die temperature() 400
Friction factor 0.7
Contact heat transfer coefficient

(WIPC) 11000
Convectionheat transfer coefficien

(W/m?C) 20
Punch speed (mm/sec) 20
Punch pressing depth (mm) 5080
Maximum press load (kN) 117,600
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Table 2 Chemical composition of SA350 LF5 CL1[9]

Element Composition, wt. %
C 0.30 max
Mn 0.60to 1.35
P 0.035 max
S 0.040 max
Si 0.20t0 0.35
Ni 1.0to 2.0
Cr 0.30 max
Mo 0.12 max
Co 0.40 max
Nb 0.02 max
\% 0.03 max

Table 3 Mechanical propertiesof SA350 LF5 CL1[9]

Tensile strength (MPa)

415 to 585 MPa

Yield strength (MPa)

Minimum 205 MPa

Elongation (%)

Minimum 25 %

Reduction of area (%)

Minimum 38 %

Impact energy (J)

Minimum 20 (at -5904 )
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Table 4 L oads of backward extrusion
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Isothermal analysis Non-Isothermal analysi

Maximum load (kN) 298,000 1,290,000
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Fig. 7 Defor med shapesfor isother mal analysis with backward extrusion process
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Load Prediction
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Fig. 8 Loadsfor isothermal analysiswith backward extrusion process
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Fig. 10 Loadsfor non-isothermal analysiswith backward extrusion process
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Fig. 11 Section of squared bar preform and die

Table 5 Dimensions of each reference diameter

_ Inner Outer Ratio of section areg
Reference diameter y )
diameter diameter to preform
Inner diameter
-- 2720 mm 1.65
(1640 mm)
Outer diameter
1386 mm -- 1.30
(2300 mm)
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Fig. 13 Modeling of die setsand preform (1/8 model)

Table 6 Ratio of machined cask to preform volume for squared bar model

Cask volume Ratio of cask to
Preform volume ]
(machined) preform volume
19.04 m 7.57 39.76 %

Fig. 15= Fig. 12(c® AFZt

C14= YT WA tolelA

434e B,
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Fig. 14 Die L oads during forming process



Fig. 15 Deformed shapesfor isothermal analysiswith squared bar preform
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Load Prediction
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Fig. 16 L oadsfor isothermal analysiswith squared bar preform

_34_



isother mal

analysiswith squared bar preform

_35_

)
RE b B S S R N VAT P AT
A P P 0 W P Wl P
e o 8 N A P
Foats i 5 P L
hﬂ?ﬂ»ﬂﬁ?ﬂr‘ 8 P P o o 0 GV P el P A

e I I
¥ e
e 5“4 =] E

17 Deformed shapes and temper ature distributions for non

Fig.



Load Prediction
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Fig. 18 Load for non-isothermal analysis with squared bar preform
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Table 7 Ratio of machined cask to preform volume for multi-step grooves

model
Cask volume Ratio of cask to
Preform volume ]
(machined) preform volume
2 step grooves 15.41%m B 49.12 %
3 step grooves 15.42°m ' 49.09 %
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Fig. 20 Deformed shapes for isothermal analysiswith 2 step multi-grooves

preform
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Load Prediction
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Fig. 21 Loadsfor isothermal analysiswith 2 step grooves preform
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Fig. 23 Loadsfor non-isothermal analysiswith 2 step grooves preform
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Fig. 25 Loadsfor isothermal analysiswith 3 step grooves preform
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Fig. 26 Deformed shapes and temper ature distribution for non-isothermal

analysiswith 3 step grooves preform
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Fig. 27 L oadsfor non-isothermal analysiswith 3 step grooves preform
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Fig. 30 Loadsfor isothermal analysiswith 0° dieangle
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Fig. 31 Defor med shapesfor 0.5° die angle
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Fig. 33 Defor med shapesfor 1.0° die angle
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Fig. 34 Loadsfor isothermal analysiswith 1.0° dieangle
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Fig. 35 Defor med shapesfor 1.5° die angle
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Fig. 38 Loadsfor isothermal analysiswith 2.0° dieangle
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Fig. 40 Loadsfor isothermal analysiswithout groove
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Fig. 42 Loadsfor isothermal analysiswith 200 mm groove length
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Fig. 49 Deformed shapesfor isothermal analysis without flange
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Fig. 50 Loadsfor isothermal analysiswithout flange
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Fig. 52 Loadsfor isothermal analysiswith 310 mm flange thickness
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Fig. 53 Defor med shapesfor isothermal analysiswith 410 mm flange
thickness
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Fig. 54 Loadsfor isothermal analysiswith 410 mm flange thickness
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Fig. 55 Defor med shapesfor isothermal analysiswith 510 mm flange

thickness
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Fig. 59 Defor med shapesfor isothermal analysiswith 710 mm flange
thickness
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Fig. 60 Loadsfor isothermal analysiswith 710 mm flange thickness
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Fig. 61 Measuring locations of machining allowance
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Table 8. Machining allowancesfor various die angles (mm)

Diameter margin Height margin| Pressing| Die
A B C D E depth | angle
Case 1 25 236~250| 192~237| 170 4950 0°
Case 2 25~75 | 210~248| 178~233| 50 5070 0.5°
Case 3| 150~175| 18~120| 197~237| 143~224| 70 5050 1.0°
Case 4 13~154 | 173~220| 123~200| 40 5080 1.5°
Case 5 10~224 | 261~325| 100~190| 40 5080 2.0°
Table 9. Machining allowancesfor various groove length (mm)
Diameter margin Height margin Pressing| Groove
A B C D E depth | thickness
Case 1 -20~75| 90~140 | 120~280| 70 5050 0
Case 2 0~75 | 150~19Q0 125~240| 40 5080 200
Case 3| 150~175| 10~75 | 180~205| 134~230| 80 5040 300
Case 4 29028 Nl aeP 2 (gl N0 5070 450
Case 5 25~75 | 233~252| 180~220| 60 5060 600
Table 10. Machining allowancesfor variousflange thicknesses (mm)
Diameter margin Height marginl Pressing| Flange
A B C D E depth | thickness
Case 1 - - - - - -
Case 2 18~75| 30~65 | -127~75/ 60 4850 310
Case 3 150-175 15~75| 155~180| 30~130 | 60 4950 410
Case 4 25~75| 210~248| 178~233| 50 5070 510
Case 5 25~75 | 245~265| 275~321| 50 5170 610
Case 6 25~75 | 265~275| 375~415| 50 5270 710
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Table 12= SEAZ H ZE(teflon), v} 2 (vaseline), A (tissue), #| o] H]
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Table 11 Physical properties of plasticine

Specific gravity 1.8~1.02

Specific heat (kJ / Kg) 1.005

0.0834 (at 1%~ )
Shear strength (MPa)
0.0628 (at 2@ )

Hardness HB15 (Z¢ )

Bulk modulus (GPa) 4.658
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Table 12 Friction factor for various lubricants

Lubricant Friction factor (m)
Teflon and vaseline 0.08 ~0.15
Tissue 0.2~0.35
Wrapping paper 0.1~0.17
Baby powder 0.5~0.75
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Fig. 64 Picture of experimental die sets
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Table 13 Experimental cases

Case Preform shapes

Case 1 Squared bar preform without groove and flange
Case 2 Squared bar preform with flange

Case 3 Squared bar preform with groove and flange
Case 4 Cylindrical preform with 2 step grooves
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(c) Case3 (d) Case 4

Fig. 65 Prefor ms of plasticine model
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Fig. 67 Result of deformed shape for case 2 (with flange)
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Fig. 69 Result of deformed shape for case 4 (cylindrical model)
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