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Outline

• Nb3Sn SMCT program goal and milestones
• SMCTD1 design concept and work status
• SMCTD1 updated schedule 
• SMCTM1a/b result analysis, discussion and presentation



Stress Management Cos-Theta (SMCT) coil concept

• The stress-managed cos-theta (SMCT) coil is a new 
concept being developed at Fermilab for High-Field 
(HF) and/or Large-Aperture (LA) accelerator magnets 
based on LTS and HTS. 

• The SMCT structure is used to reduce large coil 
deformations under Lorentz forces and, thus, 
excessively large strains and stresses in the coil. 

• A 123-mm aperture two-layer Nb3Sn SMCT dipole 
coil has been developed at Fermilab to demonstrate 
the SM concept including coil design, fabrication 
technology and performance. 
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3D stress management using stainless steel 
mandrel
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TargetDescriptionMilestone
#

Jun-23 
=> Feb 

24

Development and test of stress management
concept using a 2-layer large-aperture and 4-
layer small-aperture cos-theta coils and dipole
mirror structure.

AI-M1a

Jun-24

Development, fabrication and test of stress
management concept in a 2-layer 120-mm
dipole with the field up to 11 T.

AI-M2a

Sep-24

Assembly and test of stress-management
concept in a 4-layer 60-mm 17 T dipole with
stress management.

AI-M3a

US-MDP Task: Nb3Sn SMCT R&D next steps

Jan-Jun 
2025

Development of the SMCT coil technology and
test of stress management concept in a 2-
layer 120-mm dipole with the field up to 11 T
and in a 4-layer 60-mm dipole with the field up 
to 15 T.

AI-M2a
+AI-M3a

ID=60 mm, Bdes~17 T

ID=123 mm, Bdes~11 T



SMCTD1 design concept

• New optimized SMCT2 coil + 2 inner coils from MDPCT1
• Reinforced MDPCT1 mechanical structure
• Optimized coil end support 
• Optimized connection box to provide various test options

Based on lessons learned from MDPCT1 and SMCTM1a/b



SMCTD1 test configurations and goals

Bmax, TBo, T
13.311.6
14.812.8

SSLdegSSLnom
12.514.0
12.714.2

Bmax, TBo, T
15.114.2
18.417.2

Demonstration of the 
SMCT coil technology 
improvement

Demonstration of the SMCT 
coil technology in 123-mm 
aperture 2-layer 11+ T dipole

Demonstration of the SMCT 
coil technology in  60-mm  
aperture 4-layer 15+ T dipole

SMCTD1a (SMCT2 coil) 2L SMCTD1b 4L SMCTD1c



SMCT2 coil status

• Mandrel
• 3D printing contract finalized in 

early June
• part delivery - end of July
• part measurements and post-

processing – August
• Nb3Sn cable – available
• Nb-Ti cable for leads - ?
• Coil ground insulation design 

and fabrication – July-Aug
• 2 new IL coils from MDPCT1 

are available –
• coil instrumentation – Oct-Nov 



SMCTD1 structure

Next steps
• Structure disassembly – June-July
• Additional skin design and procurement – Oct-Nov 
• End support upgrade

• 3D model and analysis – June-Aug
• Design and procurement – Sept-Dec

• New connection (“pizza”) box – Oct-Nov

Cold mass is in IB3
Work in progress
• structure mechanical 

measurements 
• strain gauge “0” reading
• instrumentation check out



3D Mechanical models and analysis (FNAL/LBNL) 

3D model with 4-layer coil in Utility structure 

Goal – investigate SMCT 
coil preload in the MDP 
Utility structure
• magnetic model in 

Maxwell is operational
• next step is to set-up the 

mechanical analysis in 
Workbench

3D model with 4-layer coil in SMCTM/D structure 

Goal – understand SMCTM1 end performance 
and optimize/design SMCTD1 end support 
structure
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FY24-25: SMCT R&D Plan and Schedule

Original schedule – October 11, 2023
Updated schedule – June 12, 2024

x x

Task schedule extension to FY25



SMCTM1a/b result analysis and presentation

ASC’2024:
• A.V. Zlobin et al., “Test of a 4-layer Nb3Sn cos-theta dipole 

coil with stress management,” invited talk

IPAC’2024: 11th Mechanical and Electromagnetic Properties of Composite 
Superconductors Workshop - MEM’2024:


