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Components of the Updated B0pF Combined Function OID

• Warm iron proposal (as discussed earlier)

• Progress on continuous double-layer winding with no splices

• Major upgrade in the software for optimizing combined function 

optimum integral design

• Individually optimized eight layers with lower field harmonics 

and lower peak fields

• Performance of 2-layer, 4-layer, 6-layer and 8-layer designs 

(no to commit to 8-layer design now as the margins are large)
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Warm Iron Tubular Cryostat for Any Design of B0pF

• B0pF superconducting coils 

inside the tubular cryostat.

• Example: RIA with warm 

iron yoke. Space taken by 

cryostat is relatively small in 

such a large magnet.

➢Smaller area to cool 

➢Easier to reduce weight (doesn’t have to be circular) and transport 

➢Easier to iterate yoke design after measurement, if desired

➢ Should reduce overall cost
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Progress in continuous double-layer OID winding (no splices)

1st quadrant of the 1st layer wound 

midplane to pole 

(instead of typical pole to pole in OID)

• Substrate placed along the length after filling 

gaps with fiberglass spacers and blue epoxy

• Substrate glues strongly for winding next layer

• 1st quadrant of 2nd layer wound

• Temporary spacer holder for winding removed 
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Progress in continuous double-layer OID winding (no splices)

• Ready for winding 1st layer of 2nd quadrant

• Proud and happy technician

Feedback to design:

• Make end of the 2nd layer smaller by one-wire 

(negligible impact)

• May need ½ wire per quadrant extra space at 

midplane (a small fraction of ~200 turns)
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Upgrade in Optimum Integral Design Code

Basic formulation and optimization approach: 
(very different from the other codes, making it very fast as compared to others, dramatically faster for 3-d) 

Philosophical goal: I() .L()  =  Io  .  Li ()     Io . Lo  . cos(n) 

For no wedges or end spacer, function is linear ==> Modulate it to cos theta

➢ Full-length midplane turn defines the length of the magnet 

  (essentially no loss due to magnet ends)

Integral field 3-d harmonics (Bn): 

. L .B

Expression for 2-d harmonics bn :

Harmonics are directly computed and optimized, as necessary; essentially no difference between 2d and 3d)
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How Optimum Integral Design code differs from most other 
3-d codes in computing and optimizing integral harmonics
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• Most codes first compute field (or vector potential) along the length at several places and then 

compute and integrate field harmonics and then optimize them.

• Optimum integral code directly computes integral harmonics of interest by integrating the value 

from each conductor. Iron is included as the image current.

➢ This is an order of magnitude faster. The formulae are valid when the field is 2-d or when it is 

integrated over the entire length. Cylindrical part of the conductor (going from the lead end to return 

end) does not contribute to field harmonics. A section of the conductor which connects straight-section 

to cylindrical part (small in most direct wind magnets), is approximated with a set of line currents.

➢ Chi square (     ) function is minimized for a set of n-harmonics with chosen weightage to each 

of those n harmonics.  

where Ci is the computed value of the ith parameter, Di is the design value of the ith parameter 

and wi the weight for the ith parameter.

➢ The downside is that it doesn’t do anything else – like peak field, field in the aperture, etc., etc., etc..

➢ To overcome that limitation to carry out the design process efficiently, we create output files which are 

input for OPERA (or RAT) and those calculations are performed there.
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INPUT Files for Optimum Integral Design
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4 layers 

represent 

4 quadrant

.X01 and .X07 files

“Old Fashion Input”

(working on the modern 

way of doing things)

(192 input parameters, not 

all optimized together)
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OUTPUT Files for Optimum Integral Design
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And many other 

files like input to 

other programs, 

such as files to 

wind coil 

downstairs and 

input to opera3d, 

etc.
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Latest Upgrade

To allow four quadrants to work in sink 

while being optimized such as wedges, 

turn to turn spacing, end spacers. 

Some work required to make sure that 

all four quadrants connect properly, 

particularly in case when the end 

spacers vary (optimization of end and 

body together is the key part of the 

optimum integral design). 

See the difference between 

left side and right side (both 

in the body and in the end)
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Summary of Results

The analysis is completed for 2-layer, 4-layer, 6-layer and 8-layer designs.

Field quality is better than before.

Margins are a little higher (not fully analyzed)
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