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Abstract The KSTAR(Korea
Superconducting Tokamak Advanced Research)
superconducting magnet system consist of 16
TF (Toroidal Field) and 14 PF(Poloidal Field)
coils. Internally-cooled cabled superconductors
will be used for the magnet system. The
magnet system adopt a superconducting
CICC(Cable-In-Conduit Conductor) type. The
KSTAR PF 6, 7 CICCs wuse NbTi
Superconducting cable with stainless steel
316LN conduit while the other PF CICC use
Incoloy 908 conduit. For the fabrication of PF
CICC. superconducting cables have been
fabricated and the cable has the diameter of
22 3mm. A continuous CICC jacketing system
is developed for the CICC jacketing and the
jacketing system uses the tube-mill process,
which consists of forming, welding, sizing and
squaring procedures. The cabling and the
jacketing process is described. The welding
condition and design specification of CICCs are
also discussed. The fabrication results
including the geometrical specification and the
void fraction will be discussed.
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Table 1. Specification of NbTi strand for
KSTAR

Unit
Parameter PF6-7
s
Superconductor type NbTi
Strand diameter, unreacted, after
mm | 0.78+0.02
coating
Critical Current Density (Jc@12 |A/m
T, 42 K) m’
Critical Current Density (Jc@5 |[A/m
.| > 2,800
T, 42 K) m
n-value > 20
mj/c
AC Loss (per #3 T cycle) < 150
c
Residual Resistivity Ratio (RRR) > 100
Cu/Non-Cu ratio 2.8:£0.15:1
Coating material Cr
Coating thickness Um 120.5
Twist Pitch mm 91
Dfeff Um 10

Table 2. Chemical composition of stainless
316LN

o} Mn Ni Cr Mo N Fe

<0.02 <2 10-14 16-18 2-3 0.1-0.16 Bal.

Table 3. Mechanical
316LN(at 298)

properties of stainless

Yield Strength
(MPa)

Tensile Strength
(MPa)

Elongation
(%)

375 700 36
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Fig. 1. Dimension of PF CICC

2.2 Ag B3 _

2.2.1 =™z T x| Ad4M(Cabling)

TF A9l A% 7|ExR oz DCE $AHY]
2ol IX Hol7} athA F83A ¥evy, PF
A e AL Age A9t wWslgo] uifg-
E 949oA $£Ho] FHu2 uF &4AF Fo]7)
el gx Aol & 7bedt FA dte Aol F
83tk AR AFE Tt 4 dA DA
A Zol sted HHQ ¥R Zolg ZAAHA
o 1 A3 Table 4944 E+& ule} Zo] PF
=A 9 AH AFS 2 AT
A A= AAY AXE FEF3] A
Z2AE AolE o AL | AAM(VTS,
oltage Tap Sensor)7} S7dY. 2 A& Wy
Fig. 2914 43 & & glxeo] WA <73 0.3
mm? 2H AL AA 9o FYAZ URE
a2, 2 Yl 65 tm AHJE A AAdeZ HE
g as HFHeE AMNE HIE BHo=R
1.32 mm¥9 ZHdelx f&5S Y/, A
2H9lgl A AL 2% 316L°ol 1 fAt
S-2 GlassZ A7 9 um9 o|dt}.

Aol Bol Agd AME Adste WP £
A AA AeolEd HAFe nixlgt QX WA
A FAd 6 e WE ALy AME Atz
Z 30 mm, 74 0.05 mm<! SS 316L HYLez
40 % AAA AelEe HE YHPo =2 7%
o}, oA sl i HE AolEe HAL
PFe A% 20.720.3 mmel 879t} o] & 93
Sizing Rolle] /BZHAT. F, F 4 AEV 3
-FH-gA-FHPo 2 AXHo g, F$ Roll
o] @& EolytH 21.4 mm — 20.7 mm —
20.4 mm — 19.9 mm= Cables A A}.

fr

<

rlo

fr oo to ufu
ooy
rir

2.2.2 =& (Jacketing)

CICCY =3 #A L ~H A2 Strip< Pipe
ez ABEslrl Y3 Forming A,
Forming® PipeddS £ &4 F3, &
H ¥ 834 bead& 7}33t= Bead 71 #%, &
Y A% AATA, d3les 27 2 439
CICCE A3l Sizing ¥ Squaring 33 52
2 o]|Ro|A} o]l FAFHoZ AWEY Table
5ol & 4 UE°] A 20.7 mme AT F
o]2% T/ 2,41 mm, & 82.1 mm 749 ¥
olgl~ 316LN Stripe® formingdted W7
22.79mm= £H & ¥ F EXZ 3= CICC &



Table 4. Cabling method of NbTi strand for
KSTAR

Stage | Element | No. Strands Twist Pitch Die Diameter
(mm) (mm)
1 Triplet 3 40 £ 1 1.65
2 3x4 12 80 + 2 3.64
3 3x4x5 60 145 + 2 82
4 3x4x5x6 360 237 £ 3 203

SS core (0d0.3)

S-glass tiber (Fil 9 m)
\"\SS wire (Fil. 85 pm)
AS

SS tube (od1 32, 10.15)

Fig. 2. Internal voltage tab sensor
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Table 5. PF CICC Fabrication procedure
(unit:mm)

Strip size 2.41x82.1
Welding Outer Dia.: 27.61
Reduction(8%) Outer Dia: 25.4.
Squaring 22.3x22.3
Cable dia(Max.) 20.7£0.3
SUS tape 02
Roll groove size 217

Table 6. Welding Condition for PF CICC
Jacketing

Current 170~190A

Voltage 22V

Welding Speed 0.47 m/min

Shield gas(Ar+He) 12 Vmin(Ar) + 0.8 Vmin(He}

Back shield gas(He) 4 /min

o3 BE AHE AFA PF 7 CICCE A&
g & CICCY ZAgS #dstE Leak Test 23
4L A=A 8.

7%
ds
& ‘“ﬂ‘#‘

Yo

{ WG
N;;%ﬁ%}’?;‘[ 2}5‘1’5 ;;;" 0. B8
A W AR

(a) Weld

(b)Heat Affected Zone

Fig. 3. Microstructure of stainless 316LN
(a)weld and (b)heat affected zone
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(1) J. H. Schultz, KSTAR Desigr
Description Doc., KSTAR Magnet Sys. Rev.
T13/14. 1999.



