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Cross-section with 
Symmetric Wedges 
(with EIC “Q” cable)

Outer layer block 

leans on a wedge

Looks good 

mechanically2-d Field Harmonics

38% margin on 

load-line (2-d)
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Peak Field Calculations in Q2pF Cross-section

Non-linear iron

Peak Field: 6.31 T

Gradient: 37.9 T/m

Peak Field Enhancement:

6.306T/5.309T = 18.8%

Mirror iron

Peak Field: 6.85 T

Gradient: 41.4 T/m

Peak Field Enhancement:

6.847T/5.8T = 18.1%

(about the same)

➢ Mirror iron calculations takes significantly less time

Important in 3-d calculations; to be used during optimization

Mirror iron calculations 

(saves time, however, 

expect higher field

 at the same current)
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Initial Investigation of Q2pF End Designs
(presented earlier)
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End Design v1 

End Design v2 

End Design v3

• Minimum tilt angle in all cases: 70 degrees

• Peak field in the ends is within ~2% of the 

peak field in the body (cross-section)

• Last turns of inner and outer layer turns are 

aligned together in v1 and v2, but not in v3

• In going from v1 to v3, see pole turns of 

outer layer (scattered earlier to minimize 

peak field), v3 is preferred for fewer spacers
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Current Version (tilt angle 70o)
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➢ Fewer spacer in the outer layer

➢ End turns of the outer and the 

inner layers aligned
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Peak field & harmonics

Reasonable start:

• Field harmonics (3-d): seems ok

• Peak field: 6.98 T (Vs 6.85 T in 2-d)

Only about ~1.9% higher peak field 

than that in x-section 

 (calculation errors?)
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More Renderings of the Current End Design
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Looks reasonable ok; to be examined more carefully
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Next Step: Things to be done prior to 

further optimization of the end design 
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• It is shown that reasonable ends are possible with (a) minimum tilt angle 

in the end 70 degree with reasonable geometric layout, (b) peak field in 

ends with 2% of peak field in the body, and (c) low end harmonics.

• However, before going for finer optimization, a few things need to be 

done in the body which would require an update in the ends as well.

• We need to incorporate the tuning shims to correct harmonics measured 

warm and cold (low-current). This will require a change in the yoke inner 

surface and hence in the coil to compensate the harmonics generated.

• We should also try to make outer yoke diameter same in all quads, if 

possible (MA).
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Extra slides

9
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Background
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Attempt will be to satisfy the same goals as in the earlier designs:

➢ Peak field in Ends remain close to the 2-d peak field in the X-section.

➢ Small integrated harmonics.

➢ End turn layout should be as vertical as possible at pole (kept 70o in 

all cases) and layout looking visually reasonable before printing 3-d 

parts to try different variations. We will follow the useful experience 

from the single turn winding test of B1pF.  
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