
	

Introduction 

• The ITER experiment requires NBI, for heating and 

current drive with RF ion sources capable of producing 

40A of D- ions @ 1MeV for upto one hour pulses. 

• The NBI Program at Consorzio RFX, Italy consist in 

development of a NBI test facilities called PRIMA and 

two projects . 

• MITICA – full scale prototype of the ITER NBI, capable 

to produce beam of neutral particles of deuterium 

accelerated up to 1MeV. 

• SPIDER is the full scale prototype of ion source used for 

heating and diagnostic beams. 

RF plasma sources is foreseen to be used in ITER NBI 

due to its advantages in particular in terms of reduced 

maintenance. 

• Development & validation of electromagnetic models of 

RF drivers. 

• Studies and experimental tests on RF matching circuits 

and transmission lines. 

• Development and validation of RF generator models. 

• Studies and experimental tests on the high voltage 

insulation of RF drivers in vacuum. 

• Contribution in setting up the RF laboratory at 

Consorzio RFX. 

Contribution to the setting up of the RF laboratory and first experiment on HV insulation of RF drivers in vacuum 

• The aim of the first experiment is to reproduce the 

conditions of RF coils used in ion source for ITER in 

terms of voltage and pressure.  

• The voltage across the RF coils has to reach 15kV 

@1MHz  with the operating pressure of 0.3Pa. 

High Voltage Connection 

to the Vacuum Vessel 

Resonant Circuit 

Work done in collaboration with E. Gaio, M. Bigi,  M. Recchia and A. Maistrello and is 

financially supported by ERASMUS MUNDUS – FUSION DC. 

• In the near future, tests will be carried out with 

the aim to verify effectiveness of some shielding 

provisions. They will also allow to validate the 

models developed. 

• Future work will proceed according to the 

objectives foreseen in my research program. 

• Calculations of electric field near the inductor using COMSOL 

showed a very high value of electric field. 
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Schematic view of RF laboratory at Consorzio RFX, Italy 

 

During the experiment, there are two main sources of 

electromagnetic radiations. 
 

From the COMSOL model simulations, high value of electric 

field is observed near the high voltage connection across the 

two feed-throughs and the two electrodes of the vacuum 

Chamber. 
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Detailed mesh model 

• First evaluation of the effect of 1mm thick metal plate placed at a distance of 2m from the inductor on electric and magnetic field generated 

by the coil in the resonant circuit.   This solution may provide shielding for the whole test set up! 

Details of the model 

 Variation of Electric field with respect to distance from 

the inductor. 

Simulation of stray electric field generated by the facility without EM shield 

Possible Shielding Solutions: Global shielding (Metal Plate)  

  

Magnetic field norm H in the case with 1mm 

thick wall at distance of 2m from the axis of 

symmetry: (left) metallic cylinder; (right) open 

metallic cylinder approximation. 

Metal plate 

Coil 

Electric field simulation with metallic wall of 

1mm thickness at a distance of 2m form the 

axis of symmetry: (left) effect of the 1mm thick 

wall on electric field; (right) electric field in the 

simulation domain. 

Inductor in a metal box of dimensions 80x80x100cm was 

considered. 

• The axis-symmetric 2D electrostatic and magnetostatic model 

is considered with r in the horizontal direction and z in the 

vertical direction.  

• Highest electric and magnetic field were found near the inductor.  

• The value of electric and magnetic field at the surface of metallic box (top and the side surface) was also 

calculated.  

• At the surface, the highest value of electric field is calculated to be around 4.5 x 104 V/m and that of 

magnetic field is calculated to be around 55 x 10-5 T. These values are observed for the side of box very 

near to the inductor (distance between the side and the inductor is 15cm). These results can be 

observed in the diagram below. 

Detailed mesh model 

Detailed mesh model 

RF ion Source  of ITER NBI – Rear view and Front view 

Assumptions for the analysis 

are: 

• Electrostatic model: +15kV is 

applied to the inductor  

• Magnetostatic model: current of 

30A circulates in the inductor. 
 

Details of the model 

This solution can be very effective both in terms of 

shielding and cost, but provides a localized effect only. 

Circuit diagram of resonance circuit 

Experimental set up of  the resonance circuit 

The first year work was concentrated to the 

contribution to the characterization of the resonance 

circuit components by means of measures and 

development of models to reproduce their behavior in 

radio frequency range (see A. Maistrello poster also) 

and mainly to the analyses of the shielding provisions 

for the test facility.  


