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Overview
❑ During the last review, 2-d magnetic and mechanical analysis of 20 T HTS/LTS

hybrid designs common coil were presented. Magnetic designs met the field

quality and margin requirements. Only modest work in 2-d magnetic design.

❑ Several mechanical analysis were presented (John Cozzolino). They either met

the requirements of the maximum stresses on LTS but not on HTS (fixed

contacts) or met on LTS but not on HTS (sliding contacts), but not for both.

❑ Goals for this year were: (a) initial 3-d magnetic design and (b) progress on the

mechanical analysis to meet the stress requirements for both HTS and LTS

❑ Progress was limited by the resources available. Shared with other projects

(EIC+); and other MDP tasks (test+: see presentation by Mithlesh Kumar)

❑ Initial evaluation of 3-d end design to be presented here.

❑ Progress on the mechanical analysis to be presented by Mike Anerella.
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John Cozzolino

Progress in 2-d Design (Aug 2022)

50mm 
clear 
bore

Recent
Progress
by Mike 
Anerella
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Issues/Challenges Specific to 

the Common Coil End Design 

and How they are Tackled
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Specific to the Common Coil Design
End Harmonics Challenge: Must deal with the missing up-down symmetry (skew harmonics) 

By 10 mm above and below midplane on magnet axis

(original ends, no spacer, large up-down asymmetry)

0

1

2

3

4

5

6

200 250 300 350 400 450 500
Z(mm)

B
y
(T

)

Above midplane 

(Integral=0.768 Tesla meter)

Below midplane 

(Integeral By.dl = 0.839 Tesla.meter)

• A proof-of-principle model of good field 

in the ends is shown in the next slide

• Minimization of end harmonics needs 

to be performed with codes like ROXIE.

• Work to continue to show it for a 20 T ends with good mechanical and engineering design
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n Bn An

2 0.00 0.00

3 0.01 0.00

4 0.00 -0.03

5 0.13 0.00

6 0.00 -0.10

7 0.17 0.00

8 0.00 -0.05

9 0.00 0.00

10 0.00 -0.01

11 -0.01 0.00

12 0.00 0.00

13 0.00 0.00

14 0.00 0.00

15 0.00 0.00

16 0.00 0.00

17 0.00 0.00

18 0.00 0.00
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End harmonics can be made small 
in a common coil design. 
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2 0.000 0.001

3 0.002 0.000

4 0.000 -0.005

5 0.019 0.000

6 0.000 -0.014

7 0.025 0.000

8 0.000 -0.008

9 -0.001 0.000

10 0.000 -0.001

11 -0.001 0.000

12 0.000 0.000

(Very small)

By 10 mm above and below midplane on magnet axis

(ends optimized with one spacer to match integral)
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Missing up-down symmetry 

can be partially restored with 

the end spacers. 

Integral By.dl 10 mm above & 

10 mm below midplane.

Good Field Quality in Common Coil Ends

(as demonstrated in an earlier design)
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Pole coils 
clearing the 
bore tube

Geometric Challenge for Pole Coil Blocks

Main Coils of the

Common Coil Design

• Pole coils are used for a good field 

quality design (accelerator quality)

• Some pole coils (a) either ideal 

common coil geometry to clear the 

bore tube or (b) use extra conductor

• A few concepts/geometries are

presented in the next few slides

• Practice windings of some done as 

parts of several SBIR/STTR 

• Design tested for HTS coils at 77K

• None, however, yet tested at 4K or 

integrated with the main coils
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Flared Ends (SBIR Phase I  with PBL)

Phase II for 

integrating such 

coils with 

common coil 

dipole DCC017 

was not funded
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(with IHEP visitor at BNL to work on the common coil)

No ongoing collaboration with IHEP now 
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(all pole coils must clear the beam tube)

Solution #1: offending pole coils 

return away from the aperture

Plus: simple racetrack maintained

Minus: Extra conductor

Solution #2: offending pole coils with flared 

ends to clear the aperture

➢ Plus: No extra coils

➢ Minus: No longer a simple racetrack coils

MDP IHEP
Deign concepts developed earlier applied here

SBIR 

with 

PBL
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(overpass/underpass: Proposed in 2002, TWO SBIRs)
Two STTRs: (a) with e2P; (b) with PBL.

Phase I - two coils wound; one tested.

Phase II- PoP proposed, not funded.

Demo can now be pursued with MDP.
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Historical Documents are Back
https://wpw.bnl.gov/rgupta/
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Summary

➢ Common coil design offers several advantages because of the conductor

friendly geometry and the way Lorentz forces gets applied to the coil. It seems

to be particularly attractive for high field HTS/LTS hybrid collider dipoles.

➢ The simple design, however, gets a bit more involved due to (a) lack of up-down

symmetry in coil ends impacting the field quality, and (b) some pole blocks

deviating from the ideal common coil 2-d simplicity to clear the bore tubes.

➢ Several design options have been examined over the years which proves that

solutions exist. However, they are yet to be demonstrated in a real magnet.

➢ Initial work on the end design specific to MDP 20 T design has been started.

➢ Progress in the mechanical analysis (next presentation) shows that a structure

should be possible which meets the guidelines of the 20 T design study.
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