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In ITER two heating and one diagnostic Neutral Beam Injectors (NBIs) are foreseen [1]. Inside these components there are very

stringent limits on the magnetic field (the flux density must be below some Gauss (G) along the ion path and below 20 G in the

neutralizing region). To achieve these performances in an environment with high stray field due to the plasma and the poloidal field

coils, both passive and active shielding systems are foreseen. The present design of the Magnetic Field Reduction System (MFRS) is

made of seven active coils and of a box surrounding the NBI region, consisting of ferromagnetic plates 15 cm thick. The

electromagnetic analysis of the effectiveness of these shields has been performed by a full 3D FEM model using the ANSYS code. To

perform the FEM modeling of the component special care has been used to face the particular geometrical features of the component (a

box of about 15x5x5 m vs. a ferromagnetic layer of only 15 cm thick).  To insert an adequate number of FEM elements (at least 5) in

the thickness of the ferromagnetic layer, without a prohibitive increase in the total FEM elements number, a particular modeling

approach (a sort of “Chinese boxes” technique) has been developed. Due to this technique the FEM model enclosing the ferromagnetic

box results completely independent on the fine FEM structure inside the shielding layer. It has been even possible, using this technique,

introducing a thin (below 1 cm thick) slot all through the shielding plates, without perturbing the rest of the model. This slot has been

used to analyze the effects of possible manufacturing lacks on the residual magnetic field inside the component. This technique has

allowed the use of only structured meshes made by brick elements, much more accurate than the tetra elements, needed in the usual free

meshing techniques. 

To have the possibility of changing the shielding thickness, the coil shapes and the NBI geometry, without completely remaking the

FEM model, a complete parametric modeling approach has been used. These features of the component together with the box length,

height and width and the number of elements inside the ferromagnetic layer, can be changed, by simply changing a parameter value.

This possibility has been used to optimize the shielding thickness and to face geometrical minor changes of the various NBI design

options. At the end, the currents in the active shield coils have been optimized to achieve an overall shielding effectiveness compatible

with the NBI requirements.

[1] P. L. Mondino et al., “ITER neutral beam system”, Nucl. Fus., vol. 40, p. 501 (2000)
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