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Transport Critical Current of SuNAM Tapes at Magnetic Fields up to 31.2 T at 4.2K
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Introduction 

During recent years SuNAM Co., Ltd. has been manufacturing GdBCO tapes without artificially introduced pinning centers with comparatively thick stainless steel substrates >100 m, uniform critical currents and thin copper stabilizer layers (5-10m). Such a combination allows reaching very high tensile strength without a substantial decrease of engineering current densities. It was shown recently that such conductor becomes suitable for making a non-insulating (NI) magnet, which operates at fields of 40 T or greater. To reduce a charging delay of the NI magnet, the SuNAM added a 1-2 micron thick layer of stainless steel on Cu stabilizer of their REBCO tapes, named “metallic cladding”.
Experimental 

We used Oxford Inst. 15T superconducting magnet and resistive 31.2T magnet (cell 7 NHMFL) for detecting Ic(4K, B, BIIc) and Ic(4K, B, ) of short samples from tapes with  GdBCO-Ag-Cu and GdBCO-Ag-Cu-steel architectures. All in-field I-V curves were measured on samples immersed into liquid helium at maximum Lorentz force macroscopic current orientation. We measured transport critical current of full-width short samples with gas cooled high current probes injecting up to 700A current. To avoid heating by He bubble all Ic above 20T were measured immediately after 18 T or 17 T states for steel coated samples.
Results and Discussion


We observed good sample to sample Ic uniformity for steel coated samples, but surprisingly poor uniformity for GdBCO-Ag-Cu architecture. We detected lower in-field Ic(4K, B) and lift factor than for BZO doped ReBCO samples. By fitting I-V curves to V(I)~I n, we detected n-values in the range of 32 – 45 for fields up to 15T. Short samples with steel coating turn into thermal runaway much easier than Cu coated samples. That is because steel provides higher contact resistance between the sample and the current lead, which leads to higher Joule heating. 

Dependence Ic(4K, B, ) is shown in Fig.1(a). The Ic(50o) starts to deviate up from Ic(90o) at fields above ~14T (Fig.1 (b)).  As angle  approaching ab-peak, not only value of Ic increasing, but the slope in log-log plot also. We calculated this slope by fitting Ic(B)=IcoB –  at fields from 20T to 31.2T (see Fig.1(a)). It is significant for magnet applications that at 11o orientation we did not detect any sharp downward deviation from linear of Ic(B) in log-log scale up to 31T. Near 90o we detected smaller values ((0.5) than for BZO doped tapes. 
Conclusions

Obtained values of Ic(4K, B, ) dependencies are now being used for design of multiple high field magnets at the MagLab, including 45 T DC user magnet, 25 – 30 T neutron scattering magnet, 25 T axion detection magnet, and more. We verified experimentally that value of transport critical current for steel coated tapes reasonably match values obtained for tapes with copper stabilizer layer at fields up to 31.2T.
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� EMBED Origin50.Graph  ���� EMBED Origin50.Graph  ���Fig.1. (a) Ic(4K, B, ) measured in resistive magnet up to 31.2T for SuNAM GdBCO 4.1mm wide copper coated conductor with () calculated 20T..31.2T. 


(b) The same Ic data plotted as Ic(B) dependencies.
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