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Design Goals : More Vertical Q2pF Ends 

2

• Make this while satisfying the following other design criteria:

➢ Peak field in the Ends remain within a few percentage of the 2-d peak field

➢ Important as (a) we don’t want to lose any margin, and (b) the cable in 
the ends is less well supported than the cable in the body of the magnet

➢ Good field quality (small integrated harmonics in the Ends, as in straight section)

Turns should be easy to wind. They should be easily kept in place with acceptable 
strain on the conductor. Take feedback and useful experience from the single turn 
test in B1pF. Follow a similar procedure. End turn layout should look reasonable 
from ROXIE and CAD models before printing 3-d parts. 

• First round is done manually for developing a better understating. Detailed 
optimization to follow.

• One representative case each for 65 degrees tilt (25 degrees from vertical plane) 
and for 70 degrees tilt (20 degrees from vertical plane) will be presented today. 



Magnet Division Ramesh Gupta                            Initial Investigation of Q2pF Ends with Favorable Tilt Angles                               May 30, 2023
3

2-d Design

Pole Blocks 

of the two 

layers are 

well aligned
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Initial Manually Optimized End Geometry 
(tilt angles 65 degrees or more, 25o from pole) 
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End Blocks 

of the two 

layers are 

well aligned
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Views on Initial End Geometry (65o)
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First Examine the Peak Field and Compare with the Body

Peak Field in the Body of the Magnet
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Peak field 

in 2-d 

7.047 T

Field on the conductor - peak field

(including the self field, 1X5 subdivision)

Peak field enhancement: 

~18%
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Peak Field in the Ends (65o)
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• Peak field in the ends (including self field): 7.07 T; 2-d (Body) was 7.05 T

✓Peak field in the Ends is close to the field in cross-section 

All other 

blocks 

have lower 

peak fields 

11
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Integrated Field Harmonics (65o)
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A reasonably 

good solution 

for manual 

optimization
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Views on Initial End Geometry (65o)
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Mechanical Properties of the First turn of the
Initial End Geometry for 65+ Degrees Tilt Angles
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Torsion

Normal 

curvature

Geodesic
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Tilt Angle of 70 degrees 

from midplane

(20 degree from pole)
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Initial Manually Optimized End Geometry 
(tilt angles 70 degrees or more , 20o from pole) 
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Ends of the 

two layers 

are well 

aligned
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Views on Initial End Geometry (70o)
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Peak Field in the Body of the Magnet
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Peak field 

in 2-d 

7.047 T

Field on the conductor - peak field

(including the self field, 1X5 subdivision)
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Peak Field in the Ends (70o)
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• Peak field in the body (including self field) : 7.05 T 

• Peak field in the ends (including self field): 7.07 T

✓Peak field in the Ends is close to the field in cross-section

All other 

blocks have 

lower peak 

fields 

11
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Integrated 

Field 

Harmonics 

(70o)
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Reasonably 

good 

(even 

better) 

solution for 

manual 

optimization
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Views on Initial End Geometry (70o)
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Mechanical Properties of the Initial End Geometry 

for 70+ Degrees Tilt Angles
Torsion

Normal 

curvature

Geodesic
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NOT YET OPTIMIZED 

MECHANICALLY 

Comparison between 65 degrees & 70 Degrees Tilt Angles

➢Both Ends have low peak fields 

and a good field quality

65o

70o
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About the right size tube available
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11” dia ➔ r=139.7 mm

(this is close enough 

to 140 mm for single 

turn winding test). 

Let’s order this tube 

on credit card for 

quick delivery 

($amount within the 

credit card limit)

This is good enough to get idea from the single turn test on how turns 

are going to lay out to provide useful feedback.
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Summary of Initial Look of the 
Manually Iterated End Design
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➢ The results presented were developed manually for a systematic 

investigation to optimize a good mechanical and magnetic end design.

➢ This suggest that a more vertical tilt angle should be possible.

➢ There is no large increase in the peak fields in the ends over the body 

(important part of the exercise). 

➢ Field harmonics look ok (within one unit) - may be further optimized. 

➢ Tube with a size close to what we need has been located for inner 

layer. Let’s order it on credit card for quick delivery to get started. 

➢ Tube for the outer layer can also be ordered or made with SS sheet.

➢ Suggest that we do  (limited) winding tests for both layers but limit the 

curing test to one layer only.
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Cross-section (Block 2D Data) of Q2pF
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Input for beta 65 or more (magnetic)
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Input for beta 70 degrees or more 
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Input for mechanical plots

25


	Slide 1: Investigation of Q2pF Ends  for Favorable Tilt Angles
	Slide 2: Design Goals : More Vertical Q2pF Ends 
	Slide 3: 2-d Design
	Slide 4: Initial Manually Optimized End Geometry  (tilt angles 65 degrees or more, 25o from pole) 
	Slide 5: Views on Initial End Geometry (65o)
	Slide 6: First Examine the Peak Field and Compare with the Body Peak Field in the Body of the Magnet
	Slide 7: Peak Field in the Ends (65o)
	Slide 8: Integrated Field Harmonics (65o)
	Slide 9: Views on Initial End Geometry (65o)
	Slide 10: Mechanical Properties of the First turn of the Initial End Geometry for 65+ Degrees Tilt Angles
	Slide 11: Tilt Angle of 70 degrees  from midplane (20 degree from pole)
	Slide 12: Initial Manually Optimized End Geometry  (tilt angles 70 degrees or more , 20o from pole) 
	Slide 13: Views on Initial End Geometry (70o)
	Slide 14: Peak Field in the Body of the Magnet
	Slide 15: Peak Field in the Ends (70o)
	Slide 16: Integrated Field Harmonics (70o)
	Slide 17: Views on Initial End Geometry (70o)
	Slide 18
	Slide 19
	Slide 20: About the right size tube available
	Slide 21: Summary of Initial Look of the Manually Iterated End Design
	Slide 22: Cross-section (Block 2D Data) of Q2pF
	Slide 23: Input for beta 65 or more (magnetic)
	Slide 24: Input for beta 70 degrees or more 
	Slide 25: Input for mechanical plots

