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Abstract

Engineering design of 6 MW ICH (lon Cyclotron Heating) system for the plasma
heating and current drive in KSTAR(Korea Superconducting Tokamak Advanced
Research) tokamak is carried out and a proto-type antenna is domestically fabricated.
The antenna is mainly composed of center-grounded 4 current straps connected with
6"-, 40Q -VTL(Vacuum Transmission Line) on both ends, single-layer Faraday
shield and 4-section cavity, forming a plug-in type to be inserted from the
horizontal port of KSTAR vacuum vessel. With the machine under vacuum, the



launcher changes its radial position up to 10 cm from the innermost position. For
300 sec operation, the antenna has many cooling channels inside the current straps,
Faraday shield, cavity wall and VTLs, and it is actively cooled with demineralized
and deionized water to remove the dissipated RF loss power and incoming plasma
heat load of 05 MW/m? max. Flow rate of cooling water in each coolant path is
measured and mechanical test is performed.
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Fig. 1. ICH antenna system for KSTAR.
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Table 1. Characteristics of ICH antenna for KSTAR

Maximum RF power :

Pulse duration :

Frequency range :

Maximum allowable voltage :

Type :

Current straps
number :
type :
material :
size :

strap cooling :
Faraday shield
type :

material :

surface treatment :
(proto-type antenna :

6 MW

300 sec

25 60 MHz
35 kV

plug-in type

4
center- grounded
Cu-plated SUS316L
752mmHx 98mmW
water cooling

mon-layered tube type

2 sections, 33 tubes/ section
Inconel 625

Cu-plated and B.C- coated

Cu-plated SUS316L)

tube cooling : water cooling
Cavity box : 4 sections

material : SUS316L

wall cooling : water cooling
Vacuum transmission line

number : 8

size : 6"

characteristic impedance : 40 Q

material : Cu-plated SUS304

cooling : water- cooled center conductor

Radial stroke :

100 mm

Table 2. Electric circuit parameters of the current straps.

Electrical parameters Values
outer stra 2.56
Inductance, L[10 'H/m] . P
inner strap 2.59
k12(=k34) 7.98
K23 7.85
. . 0
Mutual coupling coefficient, k[%] Kis 162
Kis 0.49
. . 10 outer strap 1.17
Effective capacitance, Cer[10F/ m] inner strap 117
Lo outer stra 46.7
Characteristic impedance, Zo[Q ] . P
inner strap 47.0
outer strap 0.609

Relative phase velocity, B =v./c

inner strap 0.605
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Fig. 2. Voltage distribution along the current strap(length, h),
feeder(length, g1) and vacuum transmission line.
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R/ = ZRT[A + r—li][Q/m] (6)
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Fig. 4. Detail view of the VTL(Vacuum Transmission Line).
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Fig. 5. Coolant paths of the ICH antenna.
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Fig. 6. Front view of the fabricated proto-type ICH antenna.
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Fig. 7. RF test chamber for the ICH antenna.
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