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Bi-2212 Round Wire Stress Management and Stress Coil Test Result
Kim, Y.; Trociewitz, U.P.; Hilton, D.K.; Bosque, E.; Chen, P.; Davis, D.; Jiang, J.; Hellstrom, E.E.; Lu, J.; McGuire, D.; English, L.; Miller, G.E.; Miller, S.; Mauch, W.; Kametani, F.; Matras, M.; Noyes, P.; Litvak, I.; Brey, W.; Larbalestier, D.C. (NHMFL) and van der Laan, D. (ACT)
Introduction

The stress management of a high field superconducting magnet is crucial to establish a stable magnet system. As a strong candidate for high field magnets for beyond 1 GHz NMR spectroscopy, Bi-2212 has been questioned by its young’s modulus (~ 27 GPa [1]) which is similar to Nb3Sn LTS wire, and its mandatory over pressure heat treatment (OP HT) process makes this problem more complicated because of difficulties in finding a suitable co-winding material. We have found a Nextel 610 fiber (> 99 % pure Al2O3 [2]) that meets our requirements: 1) thermally stable up to 1000 C°, 2) high young’s modulus, and 3) chemically compatible with the OP HT. Using this co-winding material, we demonstrated the feasibility of stress management of the Bi-2212 round wire in high field magnet applications.
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Experimental

Two identical test coils (named “Platypup”) were built: Platypup 1 was wound using only 1.3 mm Bi-2212 round wire, while Platypup 3 had an inner band fabric layer (between 1st and 2nd layer where the stresses were assumed to be the highest) and tow co-winding using Nextel 610 for mechanical reinforcement. The additional inner band increased radial build of Platypup 3 by 0.8 mm. Two coils went through the 50 bar OP HT process in our large OP furnace, and there was no visible sign of leakage. Both coils were tested repeatedly in the former Cell-4 20 cm large bore resistive magnet using up to 17 T background field to record V-I responses.
Result and Disucssion
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Platypup 1 showed no degradation as shown in Test 1 (black line with hollow square) of figure 2. But, the consecutive stress tests on the Platypup 1 showed its gradual degradation, which means it was over-strained during the series of those tests. Platypup 3 in contrast showed low voltage responses throughout the stress tests. We also performed 15 times of cyclic stress test (150 A ↔ 230 A) in Test 01 to observe low cycle fatigue, and the reinforced Platypup 3 successfully passed the cyclic test without degradation. This set of tests made us to decide for the Nextel 610 as our reinforcement material, which was used our first real size NMR magnet, dubbed Platypus [3]. After finding severe electrical shorts in Platypus [3], we are currently investigating the possible contribution of the Nextel 610 to these shorts. 
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Fig. 2: V-I response of Platypup 1





Fig. 3: V-I response of Platypup 3





Fig. 1: structure drawing of two “Platypup” test coils





Fig.1 (top): The Platypus solenoid revealed the presence of several leaks after the heat treatment. 









