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Cryocooler based test facility in numbers last year

Teststand dedicated to prototyping
and experiment(al) magnets

Enabling technologies
A 25+ different samples

Coll prototypes
A20+ different coils

Various users

AlInternal and external users (Proxima Fusion, VDL);
AProjects (CHART, SPC, CERN)
Astudent projects

Small test stand but very busy!
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Cryocooler based test facility highlights

Al_max= 2kA+10V

AVariable temperaturesfrom 100Kdown to 4K with
temperature controller

ATwo insertst one dedicated to cryogenic tests or
500A powering tests, second one for high | tests

A3x new cryocoolers with one inverter compressor
ready for installation

AQuench detectionT 2x CERNUQDS(32 channels)
T can operate with any power supply and full

protection flexibility More about uQDS

AEnergy extractiort mechanical switch + varistor & TR ] two talks on Thursday
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Cryocooler based test facility hardware details

PSI

100 n? S B fi___ 7: Magnetic measurements

1: Electronic rack

(16 Cernox Pt1000 sensors, PID
controller)

(2 nanovolt/64 high precisionB2
fast sampling channels )

(CERNuQDSwith PSI o 2
modification) ) j Zill
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e e 5: Cryostat
ipes (PHP)setup

2. Cryogenic pulsating heat p

6: Insert for superconducting HTS
3:2kA 10V power converter and LTScoils / samples (CHART)

4. Energy extraction (418Dand RDK500B)
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What are we testing?

Prototyping:
ANI HTS coils
Alnsulated HTS coils
ALTS/HTS samples

Experiment dedicated magnets:
AP3

AHTS4

ASuperbend

ARadiation demonstrator
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NI HTS coils

Two types:
o small NI-HTS demonstrator coils
(r,,=20mm, r;,=25mm)
o big P3 NIHTS coils
(r,,=110mm, r;,=61mm)

In total 9 small and 5 big coils tested in
single and coil pack configurationin LN2
and in cryostat at various temperatures

from 4 to 50K
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HTS coils

Different shapes and winding techniques !
Different superconductors |
Different insulation techniques

Different instrumentation techniques
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Other samples

A HTS tapes and cables characterization
at various temperatures after different
process treatment (bending, splicing,
radiation)

A Smart and partial insulations tests

A Splicing techniques (LT8ATS splice for
SMACC magnet)

A Baby HTS coils

5th Superconducting Magnets Test Facility Workshop (SMTF 5) 1.04.2025
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P3: FCCee Injector Study PSI Positron Production

HTS NI target solenoid,

to demonstrate highvyield
positron source concept,
possible the only one HTS caoill
In real accelerator
environment with beam

n stable DC operation,

n high thermal conduction due to
solder impregnation to extract heat
deposited in coils,

n radiation robustness due to
absence of insulators.

Assembly ongoing
Magnet tests scheduled May 2025
Experiment atA E fSwissFELQ1 2026
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Coil diameter

122 mm inner
219 mm outer

Stored energy

331 kJ

Operating current

1.17 kA

Charging constant |11 hours
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B. Auchmann, A. Brem, M. Duda, J. Haack, J.
Kosse, T. Michlmayr, H. Garcia Rodrigues

Designed,

manufactured and test ing at PSI

PSI

15 K conduction-cooling

5 coils from 12 mm
ReBCO(tbi)

Y T~ d-state (Pb)
‘ thermal buffer (tbi)

%
%215 T in 72 mm
warm bore
21 T on conductor
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HTS4: HTS energyefficient nested sextupole/quadrupole/dipole
for FCC-ee

A Tape coating line developed, significant synergy with Proxima and Muon collider

A CTsextupole coils ready and tested in LN2
A High-reliability, frequency-adjustable cryocoolers arrived

B. Auchmann, A. Brem, M. Crescenti, M. Duda, M.
Koratzinos, J. Kosse, H. Garcia Rodrigues, J. Schmidt
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Designed, manufactured and test ing at PSI
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Cryocooler

Superbend

Pre-cooling j—. == )’ “a T I Current leads
pipe (LN2)

A 2 superconducting Superbendmagnets
(Nb-Ti) Cu thermal
A 2 operating scenarios: 3T and 5T peak field™
(inner and outer colls) tokeep the field
Integral (=bend angle) constant for variable
peak field

Turbo-pump
connection

High T
superconductor
Current leads

Low C-steel
yoke

A 1stsuperbenddelivery at PSI: planned for coisen

July 2025; e
A 27 superbend delivery at PSI: planned for

October 2025;

Suspension
straps
(Adjustment
also possible
under vacuum)

A Power tests and magnetic measurements ;
with till end of 2025 '

B [T)

Designed and testing at PS|, 4 %3 0 03 o4
manufactured by external company

5th Superconducting Magnets Test Facility Workshop (SMTF 5)
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*Mobile test bench PSI

Ready to go in less than 4h!

Colls successfully tested in 2 days!
(very long days)

Anything Is possible! Nt S

».\l-: | 4
¥V taps box / ]

5
' ,‘
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Demonstrator magnet for high radiation environment

2. Place it inside a high radiation environment
(i.e. accelerator enclosure)

3. Measure the operational properties of the
magnet during operation [ & T)

4. Measure the radiation level during operation

Main Goal: Gain experience regarding the
operation of HTS coils in a high radiation
environment

C. Calzolaio, M. Duda, HGarcia Rodrigues, M. Casciello
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shield

Cu Therma

_ _ _ HTS110
Design and build a HTS coil based magnet .yrrent leads

path

HTScoll
(~30 kg)

+—__ Cryocooler g
RDK305D  »

Titanium |,

suspension straps
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Plan for upgrades

PSI

AExternal field capability
AAC loss measurements

A200-300A four quadrant power supply
ALock-in amplifier
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ANew cryostat with]_max= 10kA
(possibly forced flow He cooled)

|
i

We have no intention of competing with large Héased facilities, we are
filling a niche for small test stands and building our expertise in enabling

technologies, prototyping, manufacturing and testingsc magnets for
experiments
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Context UBL_

VDL ETG

4+ SMILEprogram:

In the framework of PSI SMILE (Superconducting
Magnets to Improve Large Research Facility |
Efficiency ) program, we aim to: ,‘.‘.‘TLQ«LU - ——

Almprove the performance of superconducting magnet

ASupport the development of smart cryogenic
systems integrated with highly efficient cryocoolers

4+ PSland VDLETGcollaboration (since 2023):

VDL ETGat Park InnovAARE collaborates with PSI on
smart cryogenic systems for enabling:

More information about VDLETGdevelopments on HTSwill be available in

AK”OWledge transfer between science and indUStry R. Boersmaand A. Kisteman poster on Wednesday2 April:

SCmagnet qualification equipment at VDL

ADeveIop technology from academics towards
application
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Motivation UBL_

VDL ETG

4 Trend:Cryocoolers increasingly favored over traditional immersion

bath or forced flow cooling for superconducting (SC) components F%
+ Challenge: Transport heat efficiently, with possibility of thermal
switch, from SC coil, current leads to cryocooler /
r'g

4+ State of the art:Copper links (heavy, bulky)

4 Proposed solution:

_ _ _ _ Vapor -
A Use pulsating heat pipes (PHP) filled with bubble O PR b S
neon (for HTS) or helium (for LTS) Liquid k : :
4 Principle: swg o N :\

PHF
A Transfer heat from heated evaporator to O ‘

cooled condenser using thermally induced A1-1-t3-t 1) >

two-phase flow i e e am- ’

p im U

O latent heat (enthalpy of phase change +

O sensible heat @dvection and convection)
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Literature on cryogenic PHPs V= & psi

VDL ETG

PHPs areexperimentally studied under cryogenic conditions since 2007: ~50 papers and 2 PhD
manuscripts from 7 different working groups (USA, China, Japan, France, India).
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Maximum effective thermal conductivity of different PHPs from literature and comparison to copper thermal conductivitytegguesature
Q. GoritJ.C. Marigind C. ZolleiExperimental characterization of neon pulsating heat pipes for cryocbalsed HTS magnet€ryogenics, [in revigw

Several orders of magnitude can be gained on the thermal Neon is a promising working fluid for cooling HTS since it provides
conductivity of a thermallink by replacing solid copper by PHPs. a good balance between PHP and superconductor performances.
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PHP design features W=

Pipes: VDL ETG
Material: 316 L steel

PSI

Diameters:

O pl | for neon or 0.5 mm for helium
O ol

Adiabatic length:0 p wb |

Pipe cross-section

Number of turns: 5 or 10 Courtesy of A. Brem, PSI

Evaporator and condenser:

Material: High purity copper

i i Evaporatorcross-section

Thickness:Q ¢ vl
Width:co pp b

Contact to tubes: Apiezon N grease
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Experimental set -up for PHP characterization
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Cryocooler
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