3.3.1 Neutral Beam Magnets
The Neutral Beams being reused from PBX contain at large bending magnetic wound around a ferromagnetic core to concentrate the field used to control non-neutrals on the beam. This posed a concern from two standpoints:

1) Does the stray field from the bending magnetic produce significant field errors at the plasma? 

2) Does the remote field from the Stellarator Core magnetics further magnetize the ferromagnetic material at the NB significantly contributing to field errors at the plasma?

To answer these questions, an ANSYS model of the Neutral Beam Bending Magnet was constructed and run by Chang Jun. The self field from the bending magnetics and ferromagnetic core during Neutral Beam Operation was evaluated at discrete points on the resonant surfaces in the plasma. Using the VACISLD Code, the resonant component of the normal field on the surface was evaluated and the island size calculated. Similarly, the field from the ferromagnetic core subjected to a background field from the stellarator core magnetics was evaluated at the plasma. This was done with and without the NB operating.

The resultant field errors were found to be less than 1 gauss. Predicted flux lost to islands was dominated by the m=2 mode with islands of 1.0%
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[image: image3.jpg]Magnetic Field Analysis

Neutral beams pass through the bending magnets (BM) to be filtered
off positive ion.

CONCERN-1; Stray magnetic ficld from BM could affect on plasma
surface & change the shape. (BM field only)

CONCERN-2: The field from plasma & coils can change the
magnetization of BM iron. This plasma field can also affect on the
plasma itself - “boomerang” effect. (BM field + plasma field)

CONCERN-3: When BM is turned off, the plasma’s boomerang
effects could be more harmful than driving time. So this case is also
calculated. (plasma ficld only)
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= There arc total 4 sets of BM.:
Twoat 0+17° (1. x~4.9m, y-15m)
(2. x4.9m, y—1.5m)
Two at -120£17° (3. x—1.10m, y—4.77m)
(4. x=-3.58m, y=-3.34m)

+ Only two sets (above 1. & 2.) are included in ANSYS analysis &
effects from other two sets are calculated by the consideration of cyclic
symmetry after ANSYS run.

+ Twao sets are considered in ANSYS, but the FE model bears only a half
of BM (upper part of 1.). X=0 surface is flux perpendicular boundary,
7=0 surface is flux parallel boundary & other surrounding surfaces are
flux parallel one.
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CASE-1: Only BM effect on plasma is calculated.
ANSYS results: Please confer attached figures.

After ANSYS: the surface points of plasma are not matched with
nodes points of ANSYS model. So, interpolation calculations are
coded with C++ and done as follows:

1) Renumbering of nodes and elements: make nodes & clements start
from zero and delete any space between numbers.
2) Arranging node order: sort by positions in elements.

3) Finding affiliation: to judge that each plasma point includes which
clement,

4) Interpolation by surrounding 8 node points: By shape functions.
5) Cyclic symmetry calculation for the other 2 BM effect on plasma.



[image: image6.jpg]ANSYS Model & Results (CASE-2)

+ CASE-2: BM + plasma field is calculated on plasma.
1) Art Brooks calculated the m-field on BM by the plasma & coils.

2) Ifound that the field characteristic is very similar with a field
gencrated by a straight coil on x=4.53m bearing 35,000.0A from +z to -z

(Art’s results at the center of 1¢ and 2 BM are as follows:
x=4.9m, y=1.5m, z=0.0m: Bx—4.30E-3, By—1.05E-3, Bz—5.17E-4 T
x=4.9m, y—1.5m, z-0.0m: Bx—4.30E-3, By—1.05E-3, Bz—5.17E-4 T)

+ ANSYS analysis: Please confer attached figures.
1) A straight coil is inserted in ANSYS model with BM iron
2) The same model was done with iron.

+ Ininterpolation procedure, final results have 1) — 2) values.
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CASE-3: plasma & coils field on BM and returning effect on plasma.
Every calculation steps are same as case-2.
But, BM race track coils bear zero current,

This case is to evaluate the magnetic field on plasma when the BM
was turned off

Becanse of non-linear behavior, the results of CASE-2 does not match
with the results of CASE-1 + CASE-3.

ANSYS results: Please confer attached figures.
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By 2 sets of BM, By is dominant at the nearest part of plasma (at x >
1m). Maximum stray field is less than 1gauss or 1.0E-4 Tesla.

When 4 sets are considered, Bx goes up and By is down at the nearest
plasma zone, but still the field magnitude is less than 1gauss.

The returned magnetic field by plasma & coils through BM iron is
more important than the stray field that the BM generates.

But, the field is still less than 1gauss.
The returned field when BM is turned off is most important comparing

other cases because BM field by its own current & m-field by plasma
has opposite signs. But, the field is still less than 1gauss.

The plasma & coils disturb the m-field inside the BM only by less than
1%. Therefore, BM function will not be affected by the plasma.




