C@a Technical breakthroughs and achievements g
b

FET-OPEN proposal for a HTS fast cycled magnet for Energy
Efficiency and Operational Flexibility

Motivations

« SC magnets are the choice of reference to generate high magnetic fields (above 2
T), in a range where NC magnets are neither economic, nor technologically viable

« Compared with NC magnets, SC magnets can provide at low field (up to 2 T) better
wall-plug efficiency (lower power consumption), increased design options (gap
width) and increased operational flexibility (steady state operation)

« Asuperconducting magnet will be competitive at low field (up to 2 T) if we
decrease the wall-plug power per unit magnet length by a factor 10 times compared
with a NC magnet. One can achieve this by:

* Operating the magnet between 65 to 77K
 Using alow losses HTS cable
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Target performance parameters of the ee-FCM magnet:

Target performance parameters of the ee-FCM magnet:

Bore field up to 2 T (iron saturation limit)

Repetition rate of 1 Hz (typical repetition rate of a fast injector
magnet)

Large bore, minimum 70(V) x 100(H) mm free space for a warm
beam pipe

High field homogeneity (errors within 1 part in 10-4)
Wall-plug power per unit length (excluding reactive power)

below 1 kW/m (a factor 10 below resistive magnets presently
used).

>




Possible design choices and alternatives g
e

Magnetic design:

* |ron dominated to reduce the ampere-turns required to produce the field, and thus
the magnet consumption.

» Several coil designs will be investigated considering various constraints

« (coil ends and magnet performances, impregnation, manufacturing techniques,
etc...)

HTS Superconducting material.

Design will based on the possibility to achieve low AC loss (subdivision in filaments
or strips, transposition):

« on the operating margin for ramped operation in a radiation environment

» on the overall consumption (cryogenic optimization)

« and on the cost.




Cea Possible design choices and alternatives g
e

Superconducting cable. Fully transposed or partially transposed cable

configurations need to be considered, with a specific attention to the requirement of

low HTS AC loss:

« HTS tends to be more easily available in tapes, and a multi-filamentary structure
adds complexity to the superconductor (e.g. striation in YBCO tapes).

« Cabling with HTS cables is a delicate operation.

« Among the configurations, stacks of tapes, twisted stacks, or cables around a
cooling pipe (CORC) are possible candidates.

* Investigate possible effects of screening currents on the magnet performances

Cooling mode and fluid.

« Both direct and indirect cooling are a possibility, depending on the operating
temperature and margin.

* In case of direct cooling (e.g. internally cooled conductor, or cooling channels in
the coil) the cooling fluid depends on the operating temperature (e.g. helium or
nitrogen).

* In case of indirect cooling (e.g. conduction cooling) a cryo-cooler may be
considered as an option to simplify operation (cryogen-free) at reduced efficiency.




Ced Proposal of project organization

WP1 — Conceptual designs of an energy efficient, large gap ee-FCM

Establish magnet concepts based on a LTS-YBCO conductor that will be operated
between 65K and 75K with the idea of reuse some parts of the CERN-FCM magnet
(warm yoke and cryostat)

* Prepare two or three designs using different approaches (coil design,
insulation method, impregnation, cooling method and cryogenics, supporting
structure...)

« Investigate quench protection and stability

» Final result is two or three overall geometries (magnetic circuit, coill,
mechanical architecture, cryostat) and operating conditions (current, field,
temperature), with a forecast of the performance (field quality) and
consumption (cryogenic load).

In parallel, evaluate alternate scenarii considering a larger operating temperature
(starting at 20K) and different conductors (MgB2)



Ced Proposal of project organization

WP2 - Develop a low-loss HTS cables suitable for low-loss, long-term operation

« Design and develop the tapes and cables (HTS-YBCO) for the specified
operating conditions and low AC loss.

« Produce unit lengths required to wind the different coils defined in WP1



Proposal of project organization

WP3 — Cable characterization

* AC loss theoretical computation

« Jc measurements

* Mock-up and mechanical models.
* Losses measurements.



Ced Proposal of project organization

WP4 — Engineering design and fabrication of the ee-FCM demonstrators

For each of two ee-FCM demonstrators

* For each of the magnet concept of WP1, produce the engineering
design, parts and tooling, based on the conductor developed in WP2,
and the magnetic circuit and interfaces (cryogenics, MCS/MSS) of the
existing CERN-FCM demonstrator.

* Wind the ee-FCM coils using the cable as procured in WP2 to test

» Produce (or modify) a support structure suitable for integration in the
CERN-FCM demonstrator.

* Integrate the coils in the support structure (cold mass).

» Integrate the cold mass in the CERN-FCM demonstrator cryostat,
including mechanical support, joints, terminations and instrumentation.



Ced Proposal of project organization

WP5 — Test the ee-FCM demonstrators

« Test the ee-demontrators

« Measure performance limits of the ee-FCM demonstrator (operating
margin, magnetic field quality, AC loss and overall cryogenic load,

guench detection and protection, accelerated life test...)

« Conclude about potentials for reliable long-term operation
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Cea

Proposal of project organization

CEA (Coord: L.Quettier) [CERN(Coord: Twente (Coord: M. Dhalle) Bruker EST [Sigmaphi BNG
M.Modena) (Coord: ?) (Coord: ?) (Coord: ?)
WPO[Management,
Communication,
Outreach & Dissemination |(Deputy: M. Modena)
(Resp. L.Quettier)
WP1[Magnet design: Comparative studies |Prototypes AC loss theory and
conceptual, e.m. design, |and analysis for computation
field quality evaluation, different HTS material,
mechanical design, tapes and cables (Resp:TBC)
analysis of cryogenics solutions (with
solutions for 70 K cryogenic operation at
operation, quench and different temperature
protection studies between 4.2 and 70 K)
(WP Resp:?CEA) (Resp:TBC)
WP2 HTS Cable design and HTS tape
procurement (YBCO)
(WP Resp: A. development
Ballarino) and production
(Resp:TBC)
WP3 Cable characterization, AC

loss theoretical computation,
Jc, Mock-up, models. Tests
and loss measurements.
(WP Resp: M. Dhalle)

WP4

Technical follow-up

(WP Resp:?)

Cryostat design,
coils/magnets
integration, test facility
setup

(Resp: V. Parma)

Engineering and
coil fabrication
version A

(Resp:TBC)

Engineering and coil fabrication
version B

(Resp:TBC)

WP5

Prototypes tests.
(WP Resp: M. Bajko)
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Cea Schedule

Nem de |a tache - |Durée - |Début  [Fin v mestre 1, 2016 |Semestre 2, 2016 |Semestre 1, 2017 | Semestre 2, 2017 | Semestre 1, 2018 | Semestre 2, 2018 | Semestre 1, 2019 | Semestre 2, 2019 |Semestre 1, 2020
F|MAMJJJ‘-\SDNDJFMAMJJASONDJFMJ‘-\MJJASUNDJFMAMJJASDNDJF|MAMJ
1 T0-start of the project Ojour  Mar0/03/16  Mar01/03/16 | ¢ 01/03 5
1 Kickoff 1jour Ven(01/04/16  Ven01/04/16 I
B - Magnet design Ven01/04/16  Sam 30/09/17
4 PDR 6,55 mois  Ven 01/04/16 Ven 30/09/16
5 IDR §55mois  Sam0L/10/16  Ven31/03/17
6 FOR §6mois  SamOL/04/17  Sam30/08/17
7 = Cable development S2jours Ven01/07/16  Sam30/06/18
8 Tape development 13,05mois  Ven0L/07/16  Ven 30/06/17
9 Tape production g6mois  Sam01/07/17  Lun01/01/18
10 Cable development 262jours  Dim01/01/17  Dim31/12/17
1 Cable production 655mois  Lun01/01/18  Sam30/08/18
12 Tape/Cable tests 19,6mois  Dim0L/01/17  Sam30/06/18
13 |~ Coils fabrication 435jowrs  Dim01/07/18  Sam 20/02/20 .
14 = (oils- option A 20jours  Dim01/07/18  Ven31/05/19
15 Tooling preparation - option A 3,35mois  Dim0L/07/18  Dim 30/09/18
16 Dummy coils fabrication -option A 445mois  Lun01/10/18  Jeu31/01/19
17 Coils - fabrication - option A 43mois  Ven01/02/19  Ven 31/05/19 —
18~ Coils-option B 2M0jours  Dim01/07/18  Ven31/05/19 ———)
19 Tooling preparation - option B 35mais  Dim0L/07/18  Dim 30/09/18 =
20 Dummy coils preparation - option B 445mois  Lun01/10/18  Jeu31/01/19
n Coils fabrication - option B 43mois  Ven01/02/19  Ven 31/05/19
1 First prototype integration 22mois  SamO01/06/19  Mer31/07/19 -
23 Firstprototype tests 33mois  Jeu0l/08/19  Jeu3l/10/19
24 Second prototype integration 2,15mois  Ven01/11/19  Mar31/12/19 ]
25 Second prototype tests 22mais  Mer01/01/20  $am23/02/20 E:l
26 End of the project 0 jour Sam29/02/20  Sam 29/02/20 | 0 9/02




Cost-breakdown

For each partner:
* Human resources for each task/subtask (staff/

« Other costs (tooling, materials, software and computers, travels and
conferences...)

3 - Budget for the proposal
Participant | Country (A) (B) (C) (D) e (F) G) (H) (0] ()] (K)
Direct Other direct | Direct costs of | Direct costs of | Costs of inkind | |ndirect Costs | Special unit Total Reimburse- | Max. grant/€ | Requested
personnel costs/e sub- providing contributions costs covering| estimated | ment rate (%) grant / €
costs/E contracting/€ financial n?el::i?:i:?yfs Ny direct & eligible costs (=H"1)
support to e (=0.25(A+B-H) | indirect costs 1€
third parties/€ 1€ (=A+B+C+D+F
+G}
CEA FR 0 0 0 0 0 0 0 0 I 100 0 0
_
Total 0 0 0 0 0 0 0 0 0 0

« 25% overhead

« 100% reimbursement



C@a Identify possible applications

Interdisciplinarity

Hadron therapy
Gantries

Power transport
Magnetic separation
Etc...

Should we add another partner?

Should we consider a sub-task exploring the possible applications?



Review of the Proposal template
(Technical annex)

How do we sell the proposal to the experts panel?

Cost RT magnet vs SC magnet ?
YBCO material cost, helium cost...?

How do we address the novelty of this proposal (on-going activities at
FNAL)?



Next steps

Finalize the project structure and the targets

Cost-breakdown for each partner:

« Human resources for each task/subtask (staff/

» Other costs (tooling, travels and conferences...)

Identify deliverables for each WP

Start the preparation of the preparation

« All the partners/companies are already registered on the FET-OPEN website

« CV of key personal for each partner

Find an acronym?



