
Preparatory meeting for a FET-Open proposal of an Energy Efficient (HTS) FCM 
July 7th, CEA Saclay  

 
 
Participants: 
CEA: R. Aleksan, F. Borgnolutti , P. Fazilleau, L. Quettier, T. Schild  
CERN: L. Bottura, A. Ballarino, M. Modena 
Twente University:  M. Dhalle 
Bruker EST: R. Dietrich 
Sigmaphi: R. Pasquet 
Babcock Noell: W. Walter 
 
 
Minutes prepared by L. Bottura, M. Modena and L. Quettier 
 

 
1. R. Aleksan  

 Introduction to the FET Open call, and the role of TIARA. 

 Criteria for the proposal: breakthrough, radically new future technologies, high-risk, high-impact, 
and inter-disciplinary aspects.  

 The proposal will be reviewed by TIARA (in particular by GSI, maybe by a second partner). 
Highlight to future applications, future accelerators not only for HEP and nuclear physics. 

 
2. L. Quettier – review of FET open call: 

 60 % of evaluation will be on “excellence” criterion, 20 % on “impact”, 20 % on “quality and 
efficiency” criteria. 

 FET OPEN-RIA is a very selective program (2% chance of success). 

 Maximum funding of 4MEuros, over a period of 4 years; 3 partners from 3 different countries 
minimum 

 A “risk mitigation plan” should be correctly developed. 
 

3. L. Bottura – initial idea of an EE-FCM based on HTS.  

 Objective is to demonstrate that the resistive magnet technology can be “displaced” by using HTS 
cables.  

 Consumption of an LTS SC magnet will be lower than a resistive one if an averall loss of the order 
of 5 W/m of magnet is achieved, a factor 10 higher for an HTS SC magnet at 77 K is reasonable. 

 More data on the evolution of the electricity/helium prices should found to support the 
proposal. 

 Luca reported real figures (ex. total power dissipated in cooling water tower at CERN: 80 MW) 
and estimation for future studies (ex. PS2: 15 MW dissipated with normal conducting magnets, 7 
MW with SC magnets with an investment cost reimbursement estimated in 10 years). 

 Possible application in particle accelerator domain: retrofit solution for existing machines 
(improving power efficiency), medical accelerators. 

 
4. L. Quettier – review of previous and on-going work on FCM’s 

 Project of SC fast cycled magnet based on NbTi so far. 

 There is no similar project at the moment, only a very small R&D activity at FNAL. 
 

5. F. Borgnolutti – experience from the CERN FCM program.  

 The facility is available; modifications of the cryogenic system should be completed if one needs 
a cooldown with LN2 (only HeG is available in the feed box at the moment). 



 
 

6. Capabilities and interest for each partner 
a. Bruker EST 

 For Bruker EST, the main industrial interest is to develop YBCO for high field (HF magnets is the 
core activity of the company ) 

 A YBCO tape @ 4K is necessary optimized for 77K 

 Identification of the items related to the development of a low losses YBCO tape (optimized for 
77K operation) that could be applicable for other products (mainly QA/QC with control of 
performances and scratches) 
 

b. CEA/CERN:  

 On-going R&D activities on HTS magnets 

 Conductor developments at CERN 

 Magnet testing could be in competition with the HL-LHC string. A solution for this is anyway 
needed for other test program. 

 
 

c. Twente University:  

 On-going R&D activities on HTS magnets 

 Large testing capabilities, including Jc, AC losses measurements 

 Mechanical tests of mock-up @ cryogenic temperature (fatigue and aging studies) 
 

d. Sigmaphi/BNG:  

 Both companies is developing magnets made of YBCO materials (solenoids, SMES,…); they are 
both facing the same technical issues 

 
 
 

7. Discussion on the proposal preparation 
 

a. Motivation for a EE-FCM: 

 Replace resistive magnets (high power consumption, and large dimensions) by superferric 
magnets (with a warm yoke) for applications in the range of 3 to 4T. 

 Although important, cost saving and energy efficiency should not be the main targets of this 
proposal. The main target is novelty (new developments). 

 One should focus more on novelties and clearly identify the breakthrough (note that we say that 
we have already the facility), so to be attentive in use of wording like “improvement” (of existing 
systems/technologies). 

 Other critical aspects to be correctly covered are the “inter-disciplinary”. Today we have this 
between particle accelerator domains and expertise but not towards other technologies/ 
applications. We should highlight possible technologies development that could become after 
useful to other domains. 

 
 

b. Novelties, targets and technological breakthroughs: 
Main goal of the project will be to manufacture and test of an Energy Efficient Fast Cycled Magnet 
with the aim of: 

o Gaining a factor 10 of plug wall power compared with resistive magnet creating a similar 
magnetic field map; this will require: 

 To develop a low losses YBCO cable 



 To design a magnetic configuration to minimize losses under the classical 
constraints (cryogenics, temperature margin, mechanics…) 

o Using an innovative passive high efficiency cooling method based on Pulsed Heat Pipes 
(passive system directly imbedded into the cold mass, i.e. coolant is located where one 
needs it) @77K 

o Developing SC materials and mechanical structures able to support ageing and fatigue at 
cryogenic temperature (material behavior and ageing of the structure must be explored, 
as fatigue is an identified issue for a fast cycled magnet). 

 
 

c. Conductor development 

 Possible schedule: 4 years, 2 years to develop and test a low losses YBCO conductor 

 One should consider two different types of conductor (CORC/Robel) 

 CERN will draft a development plan of the cable configurations. 
 
 
 

d. Question to industrial partners:  
How much of the HTS cable/magnet development (tape performance)/manufacturing operations will 
“help” the HTS program for high fields?  

 Bruker: not on material and performance, mainly quality.  

 BNG: magnet technology (mechanics), cooling technology for large systems, ageing and 
demonstration of long-term behavior. 

 Sigmaphi: magnet technology (winding, impregnation). 
 
 
 

e. WP organization 

 No need to add another partner at this stage 

 Merge WP2 and WP3 in one single WP: cable development; For this WP, TU would manage AC 
losses, JC, mechanical fatigue measurements and mock-up tests at cryo temperature 

 It is proposed to include a dedicated WP or sub-WP for a general study for various cooling 
modes, operating temperatures and SC materials 

 WP5: test – Find a way to associate some of the other partners  

 A new WP table will be soon sent around (Lionel/Michele) 
 
 
 

f. Other opportunities and additional partners 

 The technology aspects of the development of the FCM magnet are interesting, as any of the 
technology developed could have other potential applications (magnet manufacturing, cooling, 
etc.). 

 RA: ideally would be best to have associated partners in additional field where the FCM would 
have an impact, but this is not mandatory as long as the case study is well done. 

 Opportunities mentioned: HEP and nuclear physics, Hadron therapy (accelerator, possibly the 
gantry), Magnetic separators (pulsed operation, or different operating field), SMES (Sigmaphi and 
BNG), Magnetic launcher (Sigmaphi), FCL ?  

 Mentioned that low losses AC cable would be applicable to power transport from production to 
consumption. 



 No dedicated WP about exploration of possible applications and market survey; one should just 
mention during the possible benefits for other applications (societal, medical) when describing 
the content of the different WP. 

 Investigations are going-on. All Partners are welcome to collaborate on that! 
 
 

g. FCM magnet at CERN  

 FCM casing should be used as a baseline for the EE-FCM magnet design (ex. same number of 
Amp.turn) 

 It must be presented simply as an available test facility of the EE-FCM demonstrator. No need to 
really explain the details, otherwise the proposal may just look as a simple evolution of past 
project. 

 
h. Possible way to address the inter-disciplinary and the complementarity of the 

partners 

 CEA/CERN: expertise in design, development and test of high performances magnets + test 
facility @ CERN 

 Twente University: testing capabilities, including Jc, AC losses measurements, and mock-up @ 
cryogenic temperature; strong expertise in SC theory (Jc, AC losses, mechanics). 

 Bruker EST: SC wires and tapes suppliers, strong background in material science 

 Sigmaphi/BNG: European magnet manufacturers (accelerator magnets, SMES,…) , recently 
started building magnets made of YBCO materials 
 

 
i. Items that could be used to support a risk mitigation plan: 

 Cable development: develop two conductor types (Roebel/CORC); if no major progress after 18 
months, start coils development using existing tape/cable 

 Cooling method: use a conventional cooling (LN2) – prepare some coils with a classical cooling 
system  

 Develop different coil options in order to use different conductors in association with various 
manufacturing techniques (also in order to address the technical issues currently faced by the 
magnet manufacturers) 

 Finally target to build to different coils sets in order to test different “innovative” solutions. 
 
 

j. Intellectual property  

 Every partner will bring some know-how to the project; developments achieved in the frame of 
the project are in principle common property with the other partners of the consortium. 

 This will be clarified in the coming weeks. The point will be addressed in the proposal. 
 
 

8. Next steps and action items 

 ALL PARTNERS: Find more data/info/application to support the proposal (cost, future 
applications, etc…) 

 ALL PARTNERS: Agree on the new WP organization (will be sent soon) 

 Each Industrial Partner is asked to prepare in the coming weeks a development plan for their 
contribution and identify expected benefits of the proposal (fundamental knowledge, process 
development…) 

 Each Partner will have to prepare a cost evaluation (HR, goods, materials and tooling, software, 
travel…) 



 Each Partner has to provide in few weeks info (a template will be sent around) about key persons 
(CV, etc.) 

 Find an proposal acronym to identify and promote the project more efficiently 

 The proposal DRAFT will be prepared by Lionel and Michele. Contributions/comments will be 
asked to the other Partners. 

 Prepare a first draft by end of August to have it reviewed (Roy mentioned that TIARA (mainly GSI) 
accepted to review the proposal). 

 


