

[image: JustM_purple.jpg]NATIONAL HIGH MAGNETIC FIELD LABORATORY
2016 ANNUAL RESEARCH REPORT

1.5 GHz 35 T NMR Magnets with Bi2223 High Temperature Superconductor
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Introduction and Objective
	There is great interest in the potential for High Temperature Superconductors (HTS) to significantly increase the available field strength for NMR. There are three candidate conductors including REBCO, Bi2212, and Bi2223 and each having unique advantages and disadvantages. Favorable aspects of Bi2223 include commercial availability as a reacted ready to wind conductor with an underlying filamentary structure that serves to limit shielding currents and associated field drift. A constraint on applications of Bi2223 conductor has been the relatively low mechanical properties while the environment of a high field magnet is inherently high mechanical stress. The mechanical properties have been significantly improved recently with the development of version Bi2223 HT-NX featuring the addition of high strength Ni-Cr reinforcement laminations. A detailed study was conducted recently employing a variety of small coils at high field, with the conclusion that allowable strain in Bi2223, including bending strain and magnetically induced circumferential hoop strain, may significantly exceed previous estimates. The objective here is to explore the implications for high field NMR magnet design of an allowed 0.7% total operating strain in Bi2223 conductor. The objective is addressed by the design of a 1.5 GHz 35T NMR magnet wound entirely of Bi2223 HTS conductor, and by a design that includes Bi2223 HTS conductor in the inner high field coils with Nb3Sn and NbTi LTS conductors in the outer lower field coils. 

Magnet Design, Discussion and Conclusions
	A field of 35 T begins to demonstrate the potential of HTS conductors and would be a significant advance for NMR. The design winding bore diameter of 130 mm with a warm bore of 85 mm is somewhat greater than standard NMR wide bore to allow additional space for shims. The coils are assumed to be layer wound in deliberately thin coils which provides for effective external reinforcement at the cost of additional coil forms and associated radial space. The all HTS magnet is more compact with a stored energy of 28 MJ, but uses more HTS conductor, while the HTS/LTS magnet is larger with a stored energy of 33 MJ and employs conventional LTS conductor outer coils. Both magnets operate at 400 A and 250 A/mm2 average current density. The flat tape Bi2223 conductor, while filamentary, is not twisted and has the potential for shielding currents, with the possibility that shim coils placed on the outer diameter of the magnet will be shielded and ineffective. The basic uniformity design of the magnets is therefore accomplished as close to the bore as is practical by employing outside notch reduced current density coil sections on each of the four innermost coils.  In conclusion, reference designs have here been produced for a 1.5 GHz 35 T NMR magnet employing reinforced Bi2223 HTS conductor and demonstrating the size, stored energy, and design features of such magnets.
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           [image: ][bookmark: _GoBack]Fig.1 1.5 GHz 35 T NMR magnets employing Bi2223 HTS superconductor, with external reinforcement on coils for strength and outside notch design for field uniformity. Magnet on the left is exclusively Bi2223 HTS conductor for a higher current density more radially compact design. Magnet on right combines Bi2223 HTS inner high field coils with conventional Nb3Sn and NbTi LTS outer lower field coils. Figure dimensions in millimeters.
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