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Generation of 40 T with a 9 T No-Insulation REBCO Insert 
Operated in a 31 T Resistive Background Magnet
Hahn, S.; Kim, S.; Kim, K.; Dixon, I.; Trociewitz, U.; Jaroszynski, J.; Abraimov, D.; Miller, G.; Noyes, P.; Marshall, W.S. and Larbalestier, D.C. 
Introduction 
Two National Academy reports (COHMAG and MagSci) have encouraged widespread application of ultra-high fields using superconducting magnets to reach 40 T and beyond [1, 2]. It is recognized that high temperature superconductors (HTS) are needed to achieve this and several modest “ΔB” HTS magnets have been built and tested in background fields to forward the technology. Now an exciting spin on HTS magnet technology, 

No-Insulation coil winding, has enabled to more than double the magnetic field produced previously by insert ΔB magnets to 9 T in a 31 T background, achieving 40 T overall.

Experimental 
Fig. 1 (a) shows to-scale drawing and picture of a 9 T NI-REBCO insert with the 31 T resistive background magnet. The insert magnet consists of a stack of 12 single pancake coils wound with the new 30 μm substrate REBCO tapes manufactured by SuperPower Inc. The inner diameter, outer diameter and overall height of the insert are 14 mm, 34 mm, and 53 mm, respectively. The magnet is designed to generate 9 T field at its nominal operating current of 163 A for a total central field of 40 T. 

Results and Discussion

Fig. 1 (b) shows the test results of the 9 T insert magnet in the 31 T background resistive magnet (in Cell 7). The overall voltage signal was increased during the charging of the 9 T insert due to the resistive voltages of top and bottom coils and index voltage of third coil from the bottom. The current density of the 9 T insert reached 935 A/mm2 at a peak operating current of 163.4 A. The overall field was determined to be 40.2 T by extrapolation of the raw data from a Hall sensor, that was previously calibrated to 35 T and was further confirmed by simulation. LHe levitation in strong field gradient results in reduced cooling efficiency and temperature increase up to ~17.6 K at full current. No burn-out on the magnet was observed even after the sudden discharge of the magnet at t=6822 sec.
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Fig.1 (a) To-scale drawing and picture of the 9 T NI-REBCO insert with 31 T resistive background magnet in Cell 7 of the DC Field Facility.; (b) Test results of the 9 T insert in a bore of the 31 T resistive background magnet.
Conclusions

This test result made a new high field record for a superconducting insert in a background field; the previous record was 35.4 T (4.4 T HTS and 31 T background). The results demonstrate a strong potential of the NI REBCO technique for >40 T DC user magnets in future. 
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