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FEM Modeling of Strain Management in Bi-2212 Round Wire Prototype Coils

Bosque, E.S.; Kim, Y.; Trociewitz, U.P.; Hilton, D.K.; Davis, D.; Chen, P.; Miller, G.E. and Larbalestier, D.C. (NHFML)


Introduction
	Following the NHMFL goal of developing HTS technology for NMR quality magnets beyond 30 T, the Bi2Sr2CaCu2O8-x (Bi-2212) round wire group has developed a series of prototype coils designed to experimentally validate coil-level strain management. Finite element modeling (FEM) was performed in COMSOL Multiphysics to develop designs for a series of prototype coil series (Riky).

Experimental
	Testing of these coils was limited to the rather low 8.5 T field of a Cryomagnetics LTS magnet, after the decommissioning of the NHMFL Cell-4 ultra wide bore 20-T resistive magnet. In order to strain the individual conductors at such small fields, the Riky prototype coils were made as large as would fit into the Deltech overpressure furnace (~14 cm dia.) required to react the Bi-2212 into its superconducting state. FEM was used as a numerical test-bed to evaluate the efficacy of each coil’s strain management approach. Models feature independent material properties and wire-by-wire detail for each of several constituents in the Riky coils. Three coils were designed with nearly identical geometry – i.e. inner diameter, individual wire diameter, number of turns and layers, etc. The first coil was hardly reinforced, the second fully reinforced, while a third has limited reinforcement.  These three are designed to allow a quantitative correlation between model and performance prior to construction of a full scale ~ 1 GHz NMR test coil, Platypus.

Results and Discussion
	Fig. 1 reflects experimental results and coil-level reinforcement success. The strain-limited performance of Riky-1 matches the FEM predictions (see Fig. 2) well. Riky-2 significantly outperformed Riky-1 and was not strain limited – rather it was current limited by the probe leads. The 0.6% upper strain limit of Bi-2212 is shown as a cut-off in the Fig. 2 plot, which is generated by numerically sweeping through operating currents for the Riky coils tested within the 8.5 T LTS outsert magnet. Illustrated in Fig. 2 is the predicted performance of the Riky-3 coil which should allow strain damage with our existing testing probe.
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	Fig. 1 Experimental V-I results of Riky-1 and Riky-2.

	Fig. 2 The computed operating envelope for Riky-1 (red) and the revised Riky-3 (blue).



Conclusions
[bookmark: _GoBack]	 Successive prototype tests have provided encouraging results. Following the Platypup test coils from last year, the new prototype coils have been designed to fit into our available, large-bore (~160 mm) outsert magnet prior to testing of larger and higher field full scale Platypus coils.
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