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ABSTRACT [1l. IN-HOUSE-DEVELOPED RF NETWORK SOLVER
O An RF network solver has been developed to: U Power-waves formalism has been adopted [2]
» Cross-check the design of lon Cyclotron Resonance Frequency (ICRF) array antennas a ) fali i ) ) T
» Evaluate their behavior under time-varying plasma scenarios, including arcing Inversion of a linear-system : S matrices (S) + port connections (T) + excitations (E)
+ Simulate their impedance matching and its feedback control Q A flexible solver has been built & Can be applied to any linear network

QO 1s plasma pulse with 1ms sampling = ~ 10s computational time on a desktop computer

- vi = (Z;ef.i ai + Zref,ibi)/ real(zl‘ef.i)
O Innovation:

+ These tasks can be hardly handled by commercial RF software Ii = (a; = by)/yreal(Zyes;)
* Thiswork has been barely reported in the ICRF community
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V. FULL-WAVE MODELLING OF WEST ICRF ANTENNAS

[. INTRODUCTION

AND THEIR IMPEDANCE MATCHING

O High power RF waves are used to heat a tokamak plasma up to the required
thermonuclear temperatures (~ 200 million °C) and drive a so-called non-inductive
plasma current for continuous operation U ANSYS HFSS ® simulations:

* Bridge 2 = 3-branch node up to ~10MHz

* Lower Hybrid Range of Frequency | -> Waveguide phased arrays + Impedance transformer and RF window transform 3-0.6j to 30 Q @55MHz
(~2.5-8 GHz) «  “Cylindrical concentric electrodes” capacitors modelling greatly extended:

» Electron Cyclotron Resonance | => Quasi-optical mirror antennas > Internal structure preserved+ refined meshing

Frequency (~ 60-170 GHz) _ - Cross-check with other electromagnetic software and manufacturer datasheet
+ lon Cyclotron Resonance [ = In this paper the 3 new WEST tokamak > 75 samples of the cylinders overlap = Interpolations are possible
Frequency (~ 30-120 MHz) ICRF antennas (48-60 MHz, [1]) are illustrated

O Full-wave S-matrices = Input to the RF network solver

U 4-straps coupled to the plasma modeled using TOPICA [3] for 17 electron density

rofiles: 8 high and 9 low loading regimes -> Interpolations are possible
. OVERVIEW OF THE ION CYCLOTRON RESONANCE pron L SR e poet poss!
FREQUENCY ARRAY ANTENNAS Imp. Transformer + RF Window Capacitors
.......................... 556
VSWR < 1.5 48 MHz ti
O High vacuum (<10 Pa) O High temperature (>200°C) 1.5 SONEG 178 . :;‘;‘:;23:;;0" HFSS
4 High CW RF power (several MW/~1000s) U Active cooling 1 ie 150/ IM5% error
QO Large electromechanical forces Q (Nuclear-safety constraints) E 0.8 .| 60 MHz %125 M10% error
o 5 o
4 Dynamic plasma load O Electrically-small (<i,/10) radiating [|~% o ‘- S 100
O Very fast and quasi  periodic elements Sk 8¢ G ;5 Non-linear range
Magnetohydrodynamic (MHD) instabilities | O Plane waves with high refractive || gf § 2
(t, ~ sub-ms, ~101-10% Hz) indexes = oA (3 T B W e 2
- Load-Resilient feeding/matching circuit = Interspaces < ,/10 1.5 2EEs = 25
(Conjugate-T + 3 to 30Q transformation) '21”1:5'“2“‘2;593@9;;;“4" Sl 80 25 20 45 40 5 0 5 10 15 20 25 30
W real(z,,) (chm) LEavSLimi)
A , icht: ~2200k Water pipes for cooling the coaxial T . . .
[ Antenna's weight e | - ST vathematical model of the impedance matching
4 straps shielded by a” €@Pacitor’s actuating + C;: capacitors at iteration i real (Ypr,/Yp;) — 1

Faraday Screen * Ygg and Y : Actual and required imag(Ygr1/Ym1)

admittances at the bridge j (j = 1, 2) real(Yprz/Ymz) — 1
+ U: aspecific linear operator imag(Ygra/Ymz)

¢ —C_q4 = Ugi—l and &=

A
£ | vl V. ACCURATE TIME-VARYING SIMULATIONS
El stubs for
;”3 ] - C°°"“f=’: O A first script constructs a plasma scenario: O At the same time, if activated, the
» the coaxial a time-varying straps Z-matrix impedance matching algorithm
: lines . controls the capacitors cylinders
internal O A second script calls the RF network solver overlaps sl T e
- duct i ime- . .
¢ conductors to invert the RF problem at each time-step corresponding S-matrices.
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A Full-wave modelling of WEST ICRF antennas and RF simulations of plasma pulses

O These calculations will be used to define strategies of the antennas future operation




