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Tensile properties and IC strain limits of reinforced Bi-2212 wires for high field magnets
Brown, M. (FSU, ASC-NHMFL); Bosque, E. (ASC-NHMFL); McRae, D. (MS&T-NHMFL); Walsh, R.P. (MS&T-NHMFL); Jiang, J. (ASC-NHMFL); Hellstrom, E.E. (ASC-NHMFL); Kim, Y. (ASC-NHMFL); Trociewitz, U. (ASC-NHMFL); Otto, A. (Solid Material Solutions); Larbalestier, D.C. (ASC-NHMFL)
Introduction

One of the most promising aspects of Bi-2212 is its ability to conduct supercurrent at very high fields compared to its LTS counterparts and still maintain a macroscopically isotropic round wire form. With the advent of OPHT processing, Bi-2212 has become a strain-rather than a Jc- limited technology due to the high Lorentz forces generated at high fields and current. However, recent increases in powder quality are still driving JC of Bi-2212 wire up while the strength of the conductor remains mostly unchanged. Consequently, some type of reinforcement is needed for Bi-2212 coils. One option is reinforcement at the strand level using a laminate of strong alloy bonded to the strand, similar to Bi-2223 tapes. This process has been developed by Alex Otto at Solid Material Solutions and is called Strong Reinforced Wire (SRW).

Experimental
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We have explored the SRW process and its effects on key mechanical and electrical properties of the wire at each step of the process. These samples test the nominal properties of the round wire, the effects of rolling the wire and performing a bond HT on the wire, and laminating it. Strain-induced IC degradation is shown in Fig.1. These results were then used to build an FEA model in Comsol Multiphysics to explore the feasibility of using SRW wires in a reinforced test coil.
Results and Discussion


The strain vs. IC data (Fig.1) shows a small difference between round and rolled wires.  Furthermore, applying the laminate reduces the strain at which IC degrades from ~0.6% to ~0.4%, but it greatly increases the allowable stress from ~180 MPa to ~300 MPa.
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An FEA model was built (Fig.2) to simulate a coil at 450 A in an 8 T background field. It predicts that the force on the strand (Fig.2a) is supported by the reinforcement (Fig.2b) in an SRW coil, greatly reducing the stress and strain on the strand itself within the coil (Fig.2c and 2d). The max strain produced in the coil is 0.31%, well below the point at which degradation begins.

Conclusions

The model here implies that reinforced Bi-2212 coils are feasible, and would likely be IC rather that strain limited.
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Fig.1 IC / IC0 vs. strain (left) and stress (right) for each sample showing the point at which Ic begins to degrade significantly. Each data point represents one sample, strained to a defined maximum value at 77 K and then released. Ic was then tested at 4.2 K in a 5T background. 





Fig.2 Coil model using an SRW-SMS simulated in Comsol Multiphysics. The figure shows (a) the calculated stress using JBR, (b) the distribution of stress within the cross section implying stress concentration in the high strength laminate, (c) the simulated final values of stress within the conductor only, and (d) the azimuthal percent strain throughout the coil cross section. 
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