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Demonstrator – Details and Results from COMSOL

Details COMSOL Results  (Lattice)

598.6 mm

B1  = 8.752
B2 = 1.2
B3 = 0.007

Values in PDF
B1  = 8.75
B2 = 1.25
B3 = 0.00
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Demonstrator – Details and Results from COMSOL

Details COMSOL Results  (Single Coil)

598.6 mm



Material: Copper
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COMSOL Analysis – Reminder of Setup 

Roller Placement Mesh
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COMSOL Analysis – 2D Field
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COMSOL Analysis – Mechanics

Hoop Stress 

398 to 1220 Mpa

Radial Stress

0 to -418 MPa

Longitudinal Stress

0 to -866 MPa
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Analysis of Desired Configuration 
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▪ 𝜎𝜃: hoop stress

▪ 𝜎𝑟: radial stress

▪ 𝑒𝑚: magnetic energy density

▪ 𝐽𝑐: critical current density

Other considerations (numerical)

▪ Forces
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Guiding Design Parameters

10/11/2024

▪ 𝜎𝜃 ≤ 300 MPa 

▪ 𝜎𝑟 ≤ 20 MPa (Tensile)

▪ 𝑒𝑚 ≤ 150 MJ/m3 

▪ 𝐽𝑐 : HTS at 𝑇𝑜𝑝 = 20 K and 2.5 K margin 

(Fujikura FESC-SCH tape)

Example limits



1. Over a fine interval of bore radius, scan 
solenoids of different length and 
thickness and compute
▪ 𝜎𝜃 , 𝜎𝑟: hoop stress, radial stress

▪ 𝑒𝑚: magnetic energy density

▪ 𝐽𝑐: critical current density

2. At each bore radius, find the maximum 
achievable peak field on axis (𝐵𝑧(𝑧 =
0, 𝑟 = 0)), for
▪ 𝜎𝜃 ≤ 300 MPa 

▪ 𝜎𝑟 ≤ 20 MPa (Tensile)

▪ 𝑒𝑚 ≤ 150 MJ/m3 

▪ 𝐽𝑐 : HTS at 𝑇𝑜𝑝 = 20 K and 2.5 K margin (Fujikura 

FESC-SCH tape)
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A-B Plot, Single Solenoid

10/11/2024

Solid Curves: COMSOL (COMSOL)
Dashed curves: Semi-analytic

Given Coil

𝑇ℎ ≤ 350 mm
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A-B Plot, 2-4 Solenoids in a Lattice

COMING



Scan space:
▪ 50 mm gap between coils sides

▪ 150 mm gap in center **

▪ 𝑅𝑖 = 275 mm 

→ 144k geometries (dr = 2 mm, dz = 5 mm)
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1. For the desired peak field, what harmonics are possible 
(𝑅𝑖 = 275 mm, 𝐿𝑐𝑒𝑙𝑙 = 0.8 m) 

𝑹𝒊 = 𝟐𝟕𝟓 mm

𝑇ℎ ≤ 300 mm

L ≤ 300 mm

150 mm
25 mm
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Numerical Scan of 2 Coils
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Numerical Scan of 2 Coils

Target



[MPa]
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Numerical Scan of 2 Coils (peak possible field)

Target
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Analysis – 4 Coils
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4 Coil Scan (gap between is 200 mm)

▪ Gap Waveguide = 200 mm

▪ 60 𝑚𝑚 ≤ 𝐿 ≤ 250 𝑚𝑚

▪ 50 𝑚𝑚 ≤ 𝑇ℎ ≤ 200 𝑚𝑚

▪ Coil 2: 275 𝑚𝑚 ≤ 𝑅𝑖 ≤ 375 𝑚𝑚

▪ Coil 1: R𝑖 = 275 𝑚𝑚
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4 Coil Scan Conclusions (geometry creating highest field on axis)

Target

𝜎𝜃 = 300 MPa in each coil

z

r



To get towards desired 𝐁𝐦𝐚𝐱(𝒓 = 𝟎)
1. Reduce 𝑅𝑖 (design change)

2. Increase the cell length ?

3. … consider pre-stress compression, coils 
treated as system (lower stresses) …Break 
coils into 2 ? (same radii, diff radii 

Or

▪ reduce 𝐁𝐦𝐚𝐱(𝒓 = 𝟎) ….. 
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Next Steps

𝑅𝑖

𝐿𝑐𝑒𝑙𝑙

𝐁𝐦𝐚𝐱(𝒓 = 𝟎)
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US-MAP Optics
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US MAP parameters
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IMCC New Optics Version 2.0 June 2024

Total Number of Solenoids in 1 chain: 3054 | Total Length: 850.3 m
On axis field from 2.6 T to 17.9 T (in Lattice) 
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IMCC New Optics Version 2.0 June 2024

Total Number of Solenoids in 1 chain: 3054 | Total Length: 850.3 m
On axis field from 2.6 T to 17.9 T (in Lattice) 
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