
Progress in Q2pF End Design

November 7, 2023

Ramesh Gupta 



Magnet Division Ramesh Gupta                            Progress in Q2pF End Design                               November 7, 2023

Background
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• Previous Q2pF Ends were designed for a different cross-section, with 

different number of turns & with a slightly different cable. This is the 

first go at the Ends for cross-section with perfectly symmetric wedges.

• The attempt will be to satisfy the same goals as in the earlier design:

➢ 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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Design with Perfectly 
Symmetric Wedges 
(with EIC “Q” cable)

Outer layer block 

leans on a wedge

Looks good 

mechanically

2-d Field Harmonics
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Peak Field and Margin in Q2pF Cross-section

Peak Field 6.3 T

Peak Field Enhancement:

6.306T/5.309T = 18.8%
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Field and Peak Field in X-section for Mirror Iron (to save 
time in 3-d calculations while comparing with 2-d fields)

Peak Field for actual iron: 6.3 T
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End Design #1 (70 degree) 
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End Design #1 

Reasonable start:

• Field harmonics: not too large

• Peak field: 6.95 T (Vs 6.85T in 2-d)

• Tilt Angle 70 degree

About ~1.9% higher peak field 

than that in x-section
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End Design #2 (70 degree) 
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End Design #2 

Reasonable start:

• Field harmonics: not too large

• Peak field: 6.952T (Vs 6.85T in 2-d)

• Tilt Angle 70 degree

About ~1.9% higher peak field 

than that in x-section; about the 

same as in the previous design.
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End Design #3 (70 degree) 
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End Design #3 

Reasonable start:

• Field harmonics: not too large

• Peak field: 6.977 T (Vs 6.85T in 2-d)

• Tilt Angle 70 degree

About ~1.9% higher peak field than 

that in x-section; 0.2% higher peak 

field than in the other design.
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Summary
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• There is no large increase in the peak fields in the ends over 

the body (an important part of this exercise). It is only 2% above 

the 2-d peak. Overall peak enhancement (2-d or 3-d is ~21%).

• Field harmonics looks ok as a good starting point (<1 unit). 

• Peak field and harmonics will be further optimized together with 

the turn layout based on the initial single turn winding trials. 

• A 70-degree vertical tilt angle should be possible.
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