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Abstract

The plastic deformation behavior of formed CICC for the superconducting Tokamac fusion device was
examined and appropriate manufacturing information was provided. A relation between travel of the
bending roller and spring back displacement was obtained via virtual manufacturing. The radius of CICC

after forming was expressed as a function of the bend-roll travel.
spring back was also monitored for the SAGBO prediction.
area was examined during the first turn and during conduit bending with the largest curvature.

The maximum von Mises stress after
Next, the variation of the CICC cross-sectional
Finally, the

coil radius was measured and compared with the data generated from the virtual manufacturing. The

measured data showed similar pattern as predicted one.

Using the mapping function found to match with the

real data, the data from the virtual manufacturing may facilitate accurate manufacturing.
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Fig. 1 KSTAR magnet system configuration
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Fig. 2 PF coils configuration and winding scheme
used in the KSTAR superconducting magnet:
(a) PF1coil (b)PF7coil (c) TF coil

Fig. 3 KSTAR Magnet winding machine using 3-roll
bending process (Energy Lab, SAIT, Taejon)
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Fig. 4 Schematics of three-roll bending process to
form CICC: (a) Before and (b) during forming

- 741 -



2. e

THFRAE A e By e s 3§
A 2339 ABAQUS & Compaqg-Digital 93~
B o] A 433AU ¢} SGI Origin 2000 ol 4] A}2-3}91 o}
AGANE HFslr] $gte] do] wake wz
CicC ¥ 299 st &= atngs 4

848 AESIAE, ol& Azt FPd 93t
FA e AugE FLacd FEA ¢
7] "j&olt}t welA, CICC & 2499 3517 s
A S4R Q4 E ALY FYEY F HAG
A ¥YEE Ads W] s FA wgezm s
Mol HEAE I3 S8 A= A5
o] *RIGID SURFACE £4¢& #43th ¥z
ol #alME FEEEHS cice zHolwt v g
ne#3goh £ AL gL g}

194 L-‘?— E 2 (upper roller)2] F%4d IF3
% 10kN & 7t} 3H% E(lower roller)s ©]
o ﬂxéﬂoi pig=3

2 94 - FYEHT cIcC & F37] A5 o}
HE o] Fatr] AlFgt}t Fold AgAA ol 5T
F HEd

3 @A AN FEEHE WA w3z &
T TEEHE AA BYgeE HAFToRH CICC
7t oz ARFA o,

43A : 4¥ 3 E(master rolle)d FY £

g ARG 223 W AFE 34T

22y W o]FE CICC o HAF M AFE
AR AE gL AU ANARz Y
BYE9 o CICC o WA &L 3R

s dcC
o Hx ZE 9AdA CICC o dHdse} E
vlAA $EE #55A

P
L
ey

Q
Q

o]
ALgE F AgY JIAAH 4AE Table 1 o) F
AT iREE] 7] AL AEE Incoloy 908
2 7HAste s 22y W dgojgg o
2 Fo sus 304 & FE Frhsilch wElA
o] Holxe] tjRE Ao Fda= HE AF
o] 91t} Incoloy 908 2 7} sl & ot}

Table 1 Mechanical Properties of Incoloy 908® and
SUS 304 (measured)

Young’s modulus 180 GPa (Incoloy 908)

195 GPa (SUS 304)

Poisson’s ratio 0.3 (same for both materials)

Yield stress [MPa] 848 MPa (Incoloy 908)

321 MPa (SUS 304)

Uniaxial Stress [MPa]

A X i o =1848.3(0.00334 + £7)*1%
- Plastic strain relation

(Incoloy 908)
o =1525.5(0.03978 + £7)0483
(SUS 304)

YA F401% W7} 250mmY W ©A
| CICCY ¥3 AF & Fig. 591 E3th

STEP 1 (clamping)

STEP 2 (bending)

STEP 3 (continuous forming)

STEP 4 (spring back)

Fig. 5 Stepwise-deformed shape of CICC with
downward bending roller travel of 250mm (red:
undeformed)
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Fig. 6 Contour of longitudinal stress near the
bending roller after spring back (step 3)
Material: Incoloy 908; Bending roller travel=250mm

Fig. 7 Contour of longitudinal stress near the
bending roller after spring back (step 4)
Material: Incoloy 908; Bending roller travel=250mm
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Fig. 8 Predicted radius of formed CICC after spring
back vs. distance of the bending roller for both Incoloy
908 and SUS304. Monitored nodes were located near
bending rollers.
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Fig. 9 Contour of von Mises stress when the bending
roller traveled by 250mm (Material: Incoloy 908)
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Fig. 10 Data from the experiment(upper) and virtual
manufacturing(below).
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