IAEA FEC2020 [P3-1406] Progress on performance tests of ITER-gyrotrons and

design of dual-frequency gyrotron for ITER staged operation plan

R. Ikeda, K. Kajiwara, T. Nakai, S. Yajima, T. Kobayashi, M. Terakado, K. Takahashi, S. Moriyama, K. Sakamoto,
C. Darbos* and M. Henderson*
National Institute for Quantum and Radiological Science and Technology, *ITER Organization
E-mail : ikeda.ryosuke@qst.go.jp

Summary : Summary of performance tests for four ITER gyrotrons
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Progress on performance tests of ITER-gyrotrons

Introduction : Performance tests should Optimization for CW operation of 1 MW power Enhancement of operation reliability | | 5 kHz full-power modulation

be conducted us1ng. the aCtu,al Comp o ITER requests quick restart of the system within a couple seconds after the )
(gyrotrons, matching optics units and operation, especially if the operation is accidentally stopped. cathode voltage due to the advantage of triode  under the same magnetic field and beam

superconducting magnets) based on ITER  Qperation optimization for | MW power and 50 % efficiency was demonstrated by MIG. By sending a modulation operation cuyrrent as in CW operation. Operation

test-requirement before delivery to ITER. increasing the beam voltage from 75.5 to 76kV 1n the start-up phase without cor.nmand.m.' a pauee command to semiconductor reliability of power modulation was 100%.
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Design study of dual-frequency gyrotron of 170 GHz and 104 GHz for ITER
For generation of H-mode plasma at very low field of 1.8 T in Pre-Fusion Power Operation 1 in ITER. Demonstration of multi-frequency oscillations (104 / 137/ 170/ 203 GHz) were performed
At 1.8 T oneration: 104 GHz beam is necessary for plasma start-up by 2n harmonics X-mode. using a prototype ITER gyrotron (same design as ITER gyrotron). [[AEA FEC2016]
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The internal components have to be improved for CW dual frequency operation. Design of At aperture of mode convertor
1. Internal wall surface structure of d N 2. Curvature and position of ITER gyrotron Discrepancy angle Discrepancy angle

internal mode converter internal four mirrors 170 GHz 94.5%, 95.89%
At outlet of mode converter At output window 104 GHz 90.7% 0.60 degree 96.6% 0.23 degree
(ITER gertI'OIl design) (ITER gyrotr()n design)

104 GHz 17() GHz 104 GHz 170 GHz l Design of At aperture of mode convertor At diamond window

I | | . DF-gyrotron Discrepancy angle Discrepancy angle
Mirrors e i 170 GHz 95.4% 96.4%
T : g, 0.18 degree 0.08 degree
2\ oz = 104 GHz 97.5% 98.0%
- L T D NN I25 Power transmission efficiency [%] 1170 GHz
[mm] [mm] —30 100 20 -
Reduction of side-lobes > ' § Optimization of 08 N
.~  of RF-beam Ty _ '
B RF-beam size oc ol 50 mm Dla
(Dual-frequency gyrotron design) — (Dual-frequency gyrotron design) A 959, @ 95% o 0
104 GHz 170GHz | 94 0w LRy mode:960%
104 GHz 170 GHz | . ¢ ITER gyrotron with 170 GHz operation . .
m— - T e P 92 A ITER gyrotron with 104 GHz operation 93% 104 GHz
{ -10 |( @ Dual-frequency gyrotron with 170 GHz operation | Equivalent 207
f o ' MPual-frequency gyrotron with 104 GHz operation; -
Mode converter P N o N > - N PR N
Ao :_ -20 Aé\ .&‘e .6*0 .6*0 .“‘0 .&be \‘*0 .6*0 qu's
I % é I & > & & & < oc& 00& & ©1 50 mm Dia.
% q -25 @06 S S 40 -20 0 20 40
—40-30-20-10 0 10 20 30 40 —40-30-20-10 0 10 20 30 40 0
@ [mm] [mm] 30 Gyrotron > MOU > LP,, mode : 95.8 %
The side lobes of 104-GHz operation at the outlet of the mode convertor were successfully eliminated without The newly designed dual-frequency gyrotron largely improves the power transmission
affecting the beam pattern at 170-GHz operation. Moreover, the beam pattern for 104 GHz operation at the output efficiency of 104 GHz operation from 95% to 99% at the output window.

window became smaller with minimal changes to the beam pattern at 170 GHz operation. Power transmission efficiency equivalent to that of the ITER gyrotron was achieved.




