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Recent Progress of the Current Feeder System for KSTAR Superconducting Magnets
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Abstract

The superconducting coils of KSTAR(Korea Superconducting Tokamak Advanced
Research) device consist of 16 toroidal field(TF) coils and 14 poloidal field(PF) coils.
The current feeder system consisting of bus-line and current lead is used as the
current transmission system for the KSTAR superconducting coils. The current leads
transfer current from a room temperature environment to 4.2 K helium. We are
developing the superconducting bus-line with NbTi CICC (cable-in-conduit conductor)
cooled with forced—flow supercritical helium. The total number of SC bus-lines are 12
pairs, of which 1 pairs are for the TF coils and 11 pairs are for the PF coils.
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ZAEH Ao AFEEE CICCY 14L& 2 AHo® KSTAR TF #Yol| Alg3:=
CICC®} #ZA 7 jackete] AW tp=tl, TF Yo A= CICCY jacket A A E Incoloy

©=
908< AMg3dtal, A En ~ekelo) A= Stainless steel 316LNS Ab-&3tth 2 A %= =49
molaL, 78 =AY 2HAEAE F3 F B9 F& 486 tolt) o F
&l © 324 7tdeltt. CICCe A tigh A A8S 3%
Aew bl F 7719 Mgkl e 13%¢] CICCE T4 €. TF
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ol 7/He] ZALEH Aekel Zol= 74zt ~30 mE F Z2AEW el Zol:E 200 m
oty 19 5. oA RiEubel o] AT ~Elle SS316LN tube Wlo %7 %= (NbTi)
AAE AHEF CICCE & (TFE) B % BPFHS F& Fxolth ZAE=w e
9] CICC+ KSTAR ZALEAA 3 e Wzl o g 45 Ko %294 dFo s yzhy ol
SAEY, AL Aoz HAAAL Zo|7] 9ol 60 K 7F2AE(GHe) S FFd=
thermal shield®} CICCE 53l &0} += 6 K return line2 ©]83 o]F @A v+
22 solglth zztel Aol @EAdel, Badel FUe Wi 9
MLI(multi-layer insulation)”} ZFA Q= G-Fo]t}.
# 2. 2AEH 2 CICC 74 ¥ 3 2A=H2HT 2HE ZYFe] A4
Hl 2],
Parameter Units Coil connection| CICC | No. of bus-line
Conductor NbTi SSC-class ¢St (U, L) serial 1 pair 1
Conduit SS316LN CS2 (U, L) serial 1 Dai]‘
T LT
’ pair
Nstrang 486 PF5 (L) 2 pair 1
Neu-sirand . 162 PF6 (U, 1) 2 pair 1
Avoncu mm 344 PF5 (U) 1 pair .
Acu(SC sirana) mm’ 120.4 PF7 (U, L) | serial |1 pair
Acu(SC sranatCU syrana) | mm’ 197.8 TF 1 pair 1

AAE A ZRAEW~ekdo] 3t heat loadE AXFsEA T Heat loads 2] 23 3& A}
4-3}lo] radiation®} transferol] w3ste] Z+zF AAbetlow, 300 KA 60 K thermal
shield 7}A] 2] heat load<} 60 KellA 6 K =4 A& E return line 7k4 2] heat load: 7}
7} 1100 W&} 105 W o]t}

Q=0FA(M -T) o ()

5=k A9T
Q_kaAdx ________________ 3)
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Electrical break Bellows Therrmal anchor Therrmal shield

CICC GFAP GFRPIsuppor) || Bellows B K retum line |

a9 6. 2AEH A ClE oA Bud

28 6. o YElY3E GFRPE KSTAR A EAA o] HArg 49 o @Ass
eddy current’} ZHE=W2e}QlS Bl U QoA ESEE break st 92
GFRP support¥ vacuum break® ZAE2Z ZA 3t7] 98] AFE3F bellows=

" o

Sl H o] 2~ Elnd el vacuum breakel] tate] ANSYS code®
Agdee] U3k g8 2 WHeE BAsg oy, dd%:

>
7. & vacuum break?] A Loltl. 19 494 Hi=w}
k1l

420 370

=
U
U

400

a8 7. 2528 g o]~ EHud e vacuum break part.

GFRP support®] F+74& 5 mm °]¥, Zo]= 370 mm ©°]t}. Bellows €
H9E2] FA= 1 mmolaz, 2ol 420 mm ot} olul 2] 3. & Alg3S

load= 300 KollA thermal anchor7}#] bellowsE Elil 9]0 +=



GFRP support® Elil 5o+ 4
d=e 066 Woltt, 19

22 178 Wolt}l, Thermal anchorol A 6 K&

8. —E ANSYS code® #413}F vacuum break®] =% ¥

=
=
Temp. (K)

a

2H . 6T
T1.333
104
1d&.
1e9.
EOE
z34.

E6T,
300

&5
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100CROCEN
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a9 8 A =H ekl A He]2 Huld vacuum breake] 2% X E

. PESEHDT
- 13ZE+DH
< 289E+08
«JBSE+08E
EBEESDE
STVIEFDE
- GVSE+DE
. TTZE+D8
.HEEE+D8

a9 9 A=~ IH A o]~ BElE vacuum break?] stress X%,

a9 9. & vacuum breake] A4t o] 6 K& cooldown®
bellowsel 0.1 MPa2] 4= o] 283 w9 stress wXEE0|t}, o
U AFAYA cryostate] -go] 717 & A= agkelnt %%@SLE Ao §AHY
< WO S UM Bom HA G Ae A HAEHA

st iAot sl A3 Hdl &2 bellowsol] 283t ew, oF 87 MPa® e
a3 do] wrake]l WMol 1.03 mm, HEA S WEke] W& 223 mm, 300 Ko ¥HE
AR 3 Ho WeE 25 mm 2 UENT 5 40 WES=o] dolo] wE &I
Q] heat loadE YEMAATE.
¥ 4. 2AE=w g Aol Euld vacuum breake] ANSYS #41,
Pressure | Type & Length Max. Sint Max. Dr Max. Dz Max. D Heatload
(Pa) (mm) (Mpa) (mm) (mm) (mm) (W)
100,000 Bellows (900) 86.8 0.96 23 2.5 3.37
100,000 Bellows (1060) 86.8 1.03 2.28 2.5 3.34




4. A73w A12=¥9 cooling scheme

el AFA YA cryostate] thermal shield®= & 21709 vlo|=Z7} HE=R

AZAE O A= FFolt) o]F T Ho]Zi= ZAEw ~EFelE thermal shield o)™, 14
M AFSYA cryostat-§ thermal shieldo]th. ZF 3o]Z o] WA ES 10 mm ©] L, Zo]

174 mo)t}. =2 E=w 222l thermal shield®] inlet ¥2-2 20 barelw, =¥ 10. o 4
B 9= kel o]l TL3Z add F TL4E yoA Hoddth. AFedA cryostat
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mass flow rate= 40 g/sec ©]™, inlet &3 4.7 baro| 12, AP+ 0.1 bare]t}. =3
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