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MDP Nb3Sn cos-theta magnets: FY16-FY19 R&D plan
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• Step 1: 15 T dipole demonstrator design. 

• explore the target field and force range 

• serve as a technical and cost basis for comparison with new concepts 

• opportunity for program integration, particularly in the area of support structure 
design, and for exploration of various support structures.

• Done. The magnet was tested in June 2019.

• Step 2: A successful series of magnets will provide a platform for performance 
improvement by integrating the outcomes of the Technology Development program. 

• In progress. The 2nd test with optimized azimuthal and axial coil preload is in January 
2020.

• Step 3: 16 T cos-theta design to explore the limit of Nb3Sn in this geometry. 

• Done. 17 T 60-mm aperture and 15 T 120-mm aperture coil designs with SM and two 
mechanical structures have been proposed and analyzed.



MDP Nb3Sn cos-theta magnets: R&D deliverables
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600-mm OD and 750-mm OD (utility) 
structures to test high-field cos-theta coils

MDPCT1 cos-theta dipole design 
and technology demonstrator

MDPCT1 training in 1st test

Innovative 600-mm OD 
mechanical structures 
for accelerator 
magnets + technology

 

4-layer graded coil + 
technology

Target field

4-layer 60-mm aperture 17 T and 120 
mm aperture 15 T cos-theta dipole coil 
with stress management

Bdes~17 T, 60 mm ID Bdes~15 T, 120 mm ID
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The Book
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• Nb3Sn Accelerator Magnets – Designs, 

Technologies and Performance, Springer 

2019

• ~450 pages on Nb3Sn accelerator magnet 

(dipoles) designs, technologies and 

performance covering the period of time 

from 1967 until 2019

• written by world experts in Nb3Sn accelerator 

magnet technologies 

• open access 

• available online 

https://link.springer.com/book/10.1007/978-3-

030-16118-7

https://urldefense.proofpoint.com/v2/url?u=https-3A__link.springer.com_book_10.1007_978-2D3-2D030-2D16118-2D7&d=DwMFAg&c=gRgGjJ3BkIsb5y6s49QqsA&r=nKbG22mtfFzoFiA6kL3Q4w&m=vqMIfX3ejrV_u6k4QYj8jlQL_O0lJ6SLQ4Rcsrf0GHg&s=_-ep7DBVZf7vS8FmMMh4gxGBk1orbxRLO8ozuu3UChU&e=
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FY20-FY23 Planning Guideline (Soren)

• Some general guideline

o Roadmaps should go out a few years and follow the “cartoon 
approach”

o All major elements should have involvement of staff from at least 
2 labs

• Questions to consider:

o Cos-theta is “morphing” into the new stress-managing approach –
need strong rationale 

• Does it garner best of cos-theta and CCT, or worst of both?

• Does the development plan fully leverage MDP’s experience 
and modeling capabilities?

• Does the plan include steps that build confidence on “short” 
timescales?
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SM justification
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Category SMCT vs CCT

Design • Use of wide cables

• Smaller coil volume

• Shorter coil ends

• Possibility of skew harmonics compensation in 2-in-1 

configuration

• Add SM to selected layers

• Simpler and less costly coil support structure

• Simpler and more reliable coil ground insulation

• Use collar in the coil straight section

• Simple coil length scale up

Fabrication • Faster coil winding

• No coil curing

• Better axial and transverse control of cable expansion

• Minimized epoxy volume (coil ends and straight section)

Instrumentation • Use of VT, acoustic and strain gauges

• Traditional strip heaters for protection

Assembly and 

preload

• Simpler assembly of multilayer coils

• Better control of azimuthal and radial preload, and end 

support

Tests • Test of half-coils in magnetic mirror configuration

Scale up • Simpler and less expensive coil scale up

Stress management in outer layers 
(small aperture)

Stress management in whole coil 
(large aperture)



SM coil design and technology 1st demonstration

10

• Parts: 3D printing 
technology

• Winding in slots
• Room for cable 

expansion during 
reaction



FY20-FY23 Goals, deliverables, approach
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• Approach
o Integrate technical expertise and capabilities of MDP participating labs

• design and analysis

• fabrication infrastructure and instrumentation

• test facilities

o Achieve fast R&D turnaround time 

• test up to 2 magnets /year

o Minimize R&D cost

• use available tooling, magnet materials and components, test facilities

Goals Deliverables

Continue addressing MDP driving questions 1-9, special 

attention to magnet degradation and training

Reports, publications, 

presentations

Develop and demonstrate a new approach of managing 

the radial and azimuthal stresses in brittle cos-theta coils 

Fabrication and test of 4-6 dipole 

coils with stress management

Demonstrate bore field up to 17 T at 1.9 K with 60-mm 

aperture and up to 15 T at 1.9 K with 120-mm aperture in 

Nb3Sn dipole magnets with stress management

Development and test of short 

dipole mirror models and short 

dipole magnets

Develop capabilities to test cables, HTS coils and inserts, 

etc. for MDP and other programs

Development and test of Nb3Sn 

dipole outsert magnet



FY20-FY23 plan and outcomes
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Task Coil Structure FY20 FY21 FY22 FY23

Task 1. MDPCT1 re-

assembly 

and test

Task 2. 2-layer 120-mm 

SM coil in dipole 

mirror structure

Task 3. 2-layer 120-mm 

11 T SM dipole in 

modified MDPCT1 

or HQ2 structure

Task 4. 4-layer 60-mm 

17 T dipole in modified

MDPCT1 structure

Task 5. 2-layer 190-mm 

SM coil in dipole mirror 

structure

Task 6. 4-layer 120-mm 

aperture 15 T SM dipole

Testing HTS half-coils 120 
mm OD in  background 
fields up to 11 T

Testing HTS inserts up to 
120 mm OD in background 
fields up to 11 T 

Testing HTS half-coils up 
to 60-mm OD up to ~15 T 
background field

Testing HTS 
inserts up to 
120-mm OD in 
15 T field

 

Testing HTS coils up to 50-
mm OD and cable samples 
in fields up to ~13 T

Task 1. 

Task 2. 

Task 3. 

Task 4. 

Task 5. 

Task 6. 



R&D questions and collaboration
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• Collaboration
o LBNL – mechanical analysis, mechanical structure analysis and modification, coil and magnet 

instrumentation, quench data analysis, HTS insert design and fabrication, HTS coil powering and QP
o BNL – magnet test and data analysis, HTS insert design and fabrication (TBD)

FY21:
1. What are the field limits 
of the 120-mm and 60-
mm aperture cos-theta 
dipole designs with 
azimuthal and radial stress 
management?
2. What is the effect of 
the azimuthal and radial 
stress management on the 
dipole magnet training? 
3. What are limitations of 
magnet support 
structures?
4. …

FY20:
1. What is the field limit of 
the cos-theta design w/o 
SM (MDPCT1)?
2. What is the effect of the  
azimuthal stress manage-
ment on the coil training 
and its quench limit? 
3. What is the effect of the 
azimuthal + radial stress 
management on the coil 
training and its 
performance limit? 
4. Is the mirror structure 
adequate to test HTS half-
coils in background fields 
up to 11 T?

FY22:
1. Is the new mechanical 
structure adequate to 
test small HTS inserts in 
background fields up to 
15-16 T?
2. …

FY23:
1. Is the utility structure 
adequate to test Nb3Sn 
dipole coils with large 
HTS inserts in background 
fields up to 15 T?
2. …

• R&D questions



FY20 Nb3Sn cos-theta R&D plan and schedule
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The coil fabrication and mirror assembly and test schedule is based on 
- the availability of coil fabrication tooling and mirror structure (only small modifications are needed)
- the previous experience with the SM practice coil fabrication and mirror magnet assemblies and 

tests.



Summary

Program goals:

• Explore and extend the operation parameter 
space for Nb3Sn accelerator magnets

o Bmax from 14-15 T to 17 T, 

o coil ID from 50-60 mm to 120+ mm

o stored energy

• Develop and demonstrate SM approach 
(designs, materials, technologies) for shell-
type Nb3Sn and any other brittle, stress/stain 
sensitive superconducting coils including HTS

• Study and optimize quench performance 
(training, degradation), field quality and 
quench protection of high-field accelerator 
magnets with SM

• Develop and demonstrate strong and efficient 
mechanical structures for accelerator 
magnets
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