BROOKHRVEN Magnetic Models of 3 kG Magnet
Superconducting Designs for Light Source 2 (LS2)

Magnet Division
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wrtonatiasoraory | Epjnge Fields in Magnet Cross-section

Superconducting

Magnet Division

Note: Fringe field is significantly lower at a similar distance (as compared to
conventional pole-powered water-cooled magnet) from magnet center in back leg
powered HTS magnet with appropriate shield (maximum width 10mm).

There are a variety of simple and practical ways to incorporate this shield.

PROBLEM DATA,

EMoperais2is2-cu2-b st

I S .
-300.0 -200.0 —10?10 0.0 100.0 200.0 300.0 400.0 -300.0 -200.0 -100.0 0.0 A 300.0 400.0
g%mpunent: EMOD 5 Oﬁ o 1 0E.03 X [mm) g%mpunent: EMOD 5 Oﬁ o 1 0E.03 X [mm)
- = — VOOPERA2d | = — V_OPERA2d
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Maximum scale 103 T (10 G); Pacemaker limit: 5 G
Field is much lower a certain distance away from the shield.

Ramesh Gupta, Superconducting Magnet Division, BNL, Preliminary Magnetic Analysis for Light Source 2 Magnets, April, 2006.  Slide No. 2



BROOKHAVEN How Ampere's Law Is Satisfied

NATIONAL LABORATORY

Superconducting and Ff'inge Field IS Kep'l' Low

Magnet Division

$H.dL=N.TI

,b With a properly designed shielding,
Ampere’s law does not come in the way

Path of surface -
of low fringe field outside the shield

integral

a

HTS magnet with shield
(Back leg-powered)

Water-cooled copper magnet
(Pole-powered)
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Only significant contribution comes from H Significant contributions come from H, in gap
(B,/n,) in gap (g) region. One can obtain: (g) and H, separation (s) between shield and
iron region. Fringe field can be small if:
B,.g/p,=N.I Hy.g ~ -H,.s

. . ° A A 1Pl |
« Fringe field “c” can be small ! Fringe field “c” can be small !
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Superconducting

Field Quality in Preliminary Design

Magnet Division

These are preliminary conceptual designs. Nevertheless field quality requirement of a few
parts in 10~ in 6 cm horizontal aperture (+/- 3 cm) has been obtained by shaping the pole.

Pole profile is shaped
for field quality
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Pole profile is
aped for field quality
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Superconductin
Magnet Division

Water-cooled Cu Coil Magnet Design
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Superconducting

Magnet Division

An Attempt To Trim Fringe Fields

Iron Plug In The Ends
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End Fields With
Without Iron PI
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Magnet Division
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HTS Back-leg Powered Magnet
(Without End Shields)

e

Note: Iron poles are longer than the coil.
Thus field extends beyond the coil ends.
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(shielding does not have to be a

box; it could

be stripes or simple

plates with holes and cut out, etc.)
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BROOKHRVEN HTS Back-leg Powered Magnet
Superconducting (With End Shields)

Magnet Division
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BROOKHMEVEN | Fringe Field Beyond the Magnet Ends

Superconducting (A" designs have same inner coil Iength)
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Superconducting
Magnet Division

, Field Beyond Ends in Copper
and HTS Coil Magnets
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BROOKHRVEN | Extent of Field in Cu Coil Design

Superconducting And Back-leg Powered HTS Design
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Bedstead Coils To Reduce
Dead Region In The Ends
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BROOKHRVEN | Extended Pole Piece to Completely Eliminate

SiiberepTHuEtng Loss in Magnetic Length Due to Ends
n

Magnet Divisio
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Extended Pole Piece
And Axial Shielding

Magnet Division
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This practically eliminates the
dead space due to coil ends and
makes fringe field on the next
magnetic element very small.
Moreover, the mechanical
length of the end is smaller than
that in conventional designs.
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Magnet Ends Optimized For Machine

Magnet Division
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