A Test Facility
for High Field Magnet R&D

L. Bottura

US-MDP Workshop Washington, DC
4-5 December 2019




Outline

Test facility — for what ?
A new high-field dipole as a test facility
For discussion




Outline

Test facility — for what ?
A new high-field dipole as a test facility
For discussion




Test facilities ?

The usual mission of a test facility: provide
conditions of field (B, dB/dt), temperature (T), current (I,
dl/dt), and force (o, €), as close as reasonably possible
to the operation conditions of the material, cable, coll,
magnet

A matter of scales

The situation is quite clear at the scale of wires, where there
IS a park of test facilities operating worldwide, and a general
desire to increase and combine the test parameters (i know this is

a tricky business, | am not trying to shortchange the excellent science made within this scope)

The situation at the scale of cables and small coils is much
more difficult and critical, especially when considering high
fields (10 T and above) and HTS

Somewhat surprising, things become much better at the
next scale, the magnet itself, with several locations
worldwide that can host high-current cryogenic test of
superconducting models and prototypes
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HTS-HFM R&D vehicles

HTS requires works at all levels: material, conductor,
small coils, model coils, and (on the longer-term)
accelerator magnet design studies and construction

HTS short model coils of relevant length (500 mm) and
generating significant field (range of 5 T) require in the
range of 0.5 ... 1km of tape (12 mm equivalent). The
material value is in the range of 100 to 200 kCHF

A sound development program will require a few of
these coills per year (see equivalent No;Sn program, and
EuCARD/EuCARD? experience)

A test of high-field properties forcibly requires a
background field facility. Any other plan (e.g. a full-
HTS magnet) IS not reasonable (2 MCHF material per 1m coil),
nor technically sound (very high risk of failure)




(Villigen) 2018: FRESCA2 (CERN/CEA) at CERN
11T at 4.5...100 K, 92x142 mm 14.6T at 1.9 K, 100 mm
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CERN interest in a new facllity

After completing testing of EUCARD and
EuCARD? insert magnets (2...3 tests to be
completed by end 2020) the FRESCAZ2
magnet will become part of a new cable test
facility

At this point it will no longer possible to
mount HTS inserts of significant size in the
magnet bore (anti-cryostat)

The only high-field test facility left for insert
testing will be SULTAN at EPFL/SPC

@ No HTS R&D without a suitable test bed



Top end, showing the
mechanical support and
electrical connections, as
well as the integration of
a shaft for magnetic
measurement

Bottom end, showing the
mechanical support of the
insert structure
(additional pipe)

Feather.M2 integration in FRESCA2
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Integration of HTS inserts in FRESCAZ2 for test in SM18
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Feather.M2 magnet integration in FRESCAZ2 for test in SM18




Top end, showing the
sample penetration in
the anti-cryostat and
the torque locking
mechanism with fixed
features mounted on
the magnet
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Cable sample integrated in FRESCA2

Bottom end, with the
torque support
mechanism through
the wall of the variable
temperature cryostat

Cable sample integration in FRESCAZ2 for test in Bdg. 163
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Specification for a new test facility

Approach operating conditions (B, |, T) set as
target for the development of future
accelerator HTS magnets:

Bog =15 T

lop > 20 kA

Tp=19K ... 100K

Large aperture (= 150 mm)

A test-bed for HTS inserts (possibly cables, and

obviously also relevant to LTS) Of different configurations
(wound samples, hairpin samples, pressure/temperature controlled

samples), targeting peak (total) field of the order
of 20 T

These are the specifications for the HEPdipo study




On the magnet bore

¥

A large bore is necessary
to host sufficient structure

to support electromagnetic
loads

Obviously, we need to
remain reasonable...

14 (SULTAN)




Additional benefits

Exploit the investment made in the

technology developed for block magnets
(SMC, RMC, FRESCA?2)

Mutualize the effort with the sequence of
model magnets planned towards high-field
Nb,;Sn accelerator magnets of the next
generation (the CERN DEMO)

Use this construction as an additional R&D
vehicle, to implement and test variants that
are deemed appropriate and ready for such
realization, and leave a significant heritage




1. FRESCAZ2 vs. HEPdipo.1

FRESCAZ2 HEPdipo Baseline




1. FRESCAZ2 vs. HEPdipo.2

FRESCAZ2 HEPdipo Option




2. relevance to DEMO
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Option 1: DEMO HF 44 1.10 0.8 [25.700f 2.002
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For discussion

| see a strategic and long-term interest for a new very
high-field test facility

Mainly for HTS magnet development, but also relevant to cable
tests in ultra-high fields

The interest is shared through communities
This work should start rapidly, it will take years to
complete

Even with an agdgresswe plan the timeline for magnet
construction and test is 5 years

In the meantime there is a gap for testing HTS inserts

Next step is to complete the magnet design, possibly
using the same geometry (see e.g. QXF). This is the work
presently on-going in the scope of the HEPdipo
collaboration

Remember that the operating costs of one such facility is
significant
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Résumd - Ja construction de SULTAN I, un  projet _ conjoint  de ]
ENEA (I-Frascati), ECN (Ni-Petten) et SIN (CH-Villigen) , a &té terminée. Le
champ magnétique et le diametre intéricur sont de 8 Tesla et 105 cm,
respectivnnem; Dans ce papier le'nontage. le refroidissement et la mise en \
narche du systéme sont decrits. L'equipement SULTAR offre un grand nombre de b
possibilités (p.ex. variation des paramétres, tels que le champ magnétique,
1o courant et le type de refroidissement du supraconducteur) pour étudier le N
comportement statique ou 1la stabilite d'un supraconducteur en conditions
nominales.

Journal de Physique, Colloque C1, supplement au n. 1, Tome 45,
Janvier 1984, C1-93



