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Introduction Test of the 5.4 T [part of the prototype] Current progress of the full system

% As iterest 1n higher magnetic fields increases, user demand beyond 20 T 1s also The center SCCtiOn [part Of the prototype] C 0 OIiIl g for th e test % The part of the prototype will literally serve as a component of the full
growing in many applications, such as NMR. - system—the “prototype” magnet.

The full size 20 T

% Due to their critical limitations, high-temperature superconductors (HTS) are essential < As part of the manufacturing process, we  Prototype magnet )~ = | -‘ | ! ' % An updated version of the support structures will be applied to ensure
for generating magnetic fields above 20 T. first tested the center section of the e — ‘ sufficient mechanical support while magnet charging sequence.

% In this study, we aim to build a “prototype” 20 T conduction-cooled all-HTS magnet magnet to validate the fabrication Testsi) lt”j‘tfytpoe“he % Two PT-type cryocoolers (PT815) with vacuum sleeves have been
with a 50 mm room-temperature bore, considering practical user operation. The system method. S — delivered, and their individual cooling capacities have been verified.
1s conduction-cooled and designed to operate at temperatures up to 20 K. & The central 8 DPC modules were % The cryostat design for the prototype magnet 1s complete.

% The first potential application of the prototype 1s material research, however, we also fabricated, assembled, and tested in a [Schematics of the part of % Conductor procurement 1s 1n progress, and coil fabrication 1s scheduled to
considering the extension of the application to the NMR. Therefore, 300 ppm over 10 conduction-cooled test chamber. the prototype magnet] resume by the end of August.

mm DSV 1s design and first shimming target of the magnet. % The 20 T operation test 1s planned for completion by the end of this year,

< As of now, 8 out of 18 DP coil modules have been fabricated and assembled for mid- # Since there are no top or bottom || & The test chamber is cooled usinga .., - followed by NMR-based magnet shimming and advanced operational
stage testing. coils, the field angle at the low- single. GM  cryocooler  (model 5, N\ =~ - f{ﬁiffi} sequence studies next vear.
% The prototype has achieved 5.4 T, marking meaningful progress toward the 20 T target. cost conductor  section 1s - not RDK-415D, SHI). 5 150 _E:}ﬁ%; u}. - f%f:
. aligned with the conductor’s || & A room-temperature bore was 2 NN — Laadcokd B ‘h’ -y
DCSlgn of the Magnet parallel direction. also assembled to validate the = Bl \J;Er- 7
% Therefore, the estimated critical cryostat design. W Qll-5¥y

% The magnet 1s designed to achieve a 20 T center field
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current 1s 164 A at 20 K, and the || & The magnet was successfully

. o e CI’YOStat room & 110 30 &0 70
ith a 50 mm room-temperatur r roviding a “ : | "
v com-temperature bore, providing te(rﬁl}; iy [3D design of the part of the target test field 1s set to 5.4 T at cooled below 5 K without any fime (br)
300 ppm homogeneous field over a 10 cm DSV after I & P 1 : , :
| —— 140 A, providing a sufficient issues [The cooling result of the part
shimming. 25 ] | | aependency consocto protolype magnet/ . |
| | | | SEcHion z margin. of the prototype]
% The base operating temperature 1s set to 20 K, with Magpet E———
center Low-cost _ = J
conduction cooling provided by a PT cryocooler. 20 T’D Leonduorseston 1| 2 Magnet manufacturmg
2% i S _, .y \ | i v .
’ :1;) eiiii;C(t)i:leraljvi:;);d::etoruScezsotS’Ontzvowzf e;i Olf l%ﬁsn;m] . G % Total of 8 DP modules were ZT esting of the delivered - [3D modelling of the cryostat for
) : - - S TEE
P g g 300ippm _ = fabricated and  individually [_ cryocooler (1/2)] the prototype magnet]
critical current at specific field angles and another | — tested in LN?2. then assembled & s 'y prototyp &
: ] )
more cost-eiiective type. with an axial support structure. Conclusion
% The peak hoop stress without screening current [Schematics of the magnet] & The entire low-cost conductor <
consideration is limited to 400 MPa. section coils of the full magnet is § ’ A \\, jE y St = e = “ We have developed and tested a part of the prototype for a 20 T
Do ) he 20 T leted this & = | | = . | ‘ = = f z ' conduction-cooled all-HTS magnet with a 50 mm room-temperature bore.
[Design parameters of the prototype magnet| completed this time. R B i [The data momtormg & logglng System] [ Charged up t0 5.4 T ] . , ,
[The 8 DP modules] % The partial assembly reached a central field of 5.4 T at 150 A, confirming
Common Faramefers Valiies < To support integration with the magnet operation facility—including the he functional; f th ' ' '
Center field at operation condition 20 [T] @ 275.2 [A], <20 [K] 202 mm G10 spacers are use d for SP- ? pp 2 . & p y g the Tunctiona 1ty or the magnet dCSlgIl, cryostat, and 1nstrumentation
RT Bore diameter and target homogeneity 50 mm, 300 ppm (@ 10 mm DSV) P ; lati powcer Suppb’a UPS» Chlller, and other equlpment_an EPICS-based data system.
Outer winding radius (including co-winding) 113.15 [mm] . lrcliu Ecll 10111. | . p logglng and monitoring system has been implemented for testing. Qe Key features such as room temperature bore SiZC, including mner shield
Overall height (coil pack — without leads and t 161.4 X2 :
. Slfzolopsalfcsv:ce::hictn:s:n Ppeer) 0o [I[ni?] RN a.es e % The part of the prototype has been tested up to 5.4 T. The designed design were successfully implemented and tested with promising results.
P ' DP-DP spacers, serving both as : , : . . .
DP to DP spacer thickness 0.6 [mm] | SUCER. operating current was 140 A; however, due to screening current effects, The manufacturing process is demonstrated with stable performance under
Conductor width (with co-winding) 4.1 [mm] clectrical  msulators  and  thermal the actual operating current reached 150 A at 5.4 T. thermal and mechanical conditions.
Low-cost conduct Higer critical t conduction channels. . : . .
SR e — R | | < The maximum temperature of the magnet’s cooling block remained & The tested components will be integrated into the final 20 T magnet.
Mi-1 Mi1-2 M2 % A pair of DP-shaped current lead with . . . , ,
Tave + co-windine thick 140120 [um)] 140120 [um] 56 +120 [um] , , , below 6 K during operation. % Full magnet operation 1s scheduled by the end of this year, marking
P 8 : i : accessible copper terminal is used. . . . . . o , ,
Winding inner radius 40.72 [mm] 39 [mm] 39 [mm] e Tead <h 1 be undated in < We found that insulation breaks through the anodized aluminum plates. significant progress toward the development of a high-homogeneity HTS
Number of DPs 2(x2) 1(=x2) 6(<2) © .ea shape will be updated 1n the Due to the insulation break, we measured unbalanced voltage signals. system for next-generation high-field applications.
Turns per SP 279 285 21 full-size system to reduce non- The DP-DP insulati 1 h laced for the full svst bl . _ ,
Conductor consumption 1,078 [m] 544 [m] 4,822 [m] 3 . . ¢ DF-DEinsulation will be replaced 1or the ull syStcm asscembly. % These results pave the way for deploying HTS magnets in compact NMR,
superconducting section. ,
[The assembled magnet] MRI, and advanced materials research systems.
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