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Strain dependence of critical current of coated conductors in regions with 
abnormal vortex pinning 
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Introduction 

The addition of Zr to REBa2Cu3O7-x (REBCO) coated conductors is beneficial for high-field applications. However, it can also result in inhomogeneous critical current (Ic) if variations of size and density of BaZrO3 (BZO) nanorods brought on by uncontrolled growth occur. One typical situation is that BZO nanorods become locally shorter and thicker due to growth instabilities, decreasing Ic for B||c but increasing Ic for B||ab. Lengthwise measurements at T=77 K, B=0.6 T have shown this [1]. This 77 K, Ic inversion means lower Ic in LHe, compared to optimum nanostructured regions. For magnets, mechanical properties of the conductor are also important. This report investigates how the mechanical properties are affected by such an abnormal BZO nanostructure. 
Experimental 

The position dependence of Ic of REBCO tape was measured in YateStar [1] and abnormal regions were located. Stress-strain curves were measured on 16 cm long samples fitted with an extensometer in a 100 kN MTS machine. Ic was measured by the four-probe method with a 1 μV/cm criterion at self field, 77 K.
Results and Discussion


Fig. 1 (a) shows the Ic(ε) curve normalized to the zero strain Ic, Ic0, in an abnormal region (Exp.) and a good region (Cont.). The insert shows an enlarged view of the slope change. Discrepancy between the experimental and control sample begins at ε=0.58%, where Ic/ Ic0 of the experimental sample starts to degrade faster than that of the control sample. Fig. 1 (b) shows Ic retention versus strain for the two samples. Ic retention is calculated from the ratio of Ic in the unloaded condition after each new strain cycle to Ic0. The maximum reversible strain of the experimental sample with anomalous BZO (~0.58%) is lower than that of the control sample (~0.62%), thus less tolerant to tensile strain than good regions. We propose that chunky BZO nanorods [1] cause more strain inside the REBCO matrix, rendering it more sensitive to external strain.
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Fig.1 (a) Normalized Ic(ε) and (b) Ic retention versus strain at 77 K for samples from regions with abnormal (Exp.) and normal (Cont.) BZO nanorods. Inserts are enlarged views at the transition.
Conclusions

Abnormal BZO nanorods in REBCO coated conductor not only lower the in-field Ic, but also the tolerance to external strains. Such regions may need to be excluded in demanding locations, e.g. the end windings of high-field coils.
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