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Contact Resistance between two REBCO Tapes under Load and Load-cycles
Lu, J. (NHMFL); Goddard, R. (NHMFL); Han, K. (NHMFL) and Hahn, S. (NHMFL)

Introduction

No-insulation (NI) REBCO magnets have advantages of self-protection which allows significantly higher engineering current density and mechanical strength. However, NI REBCO magnets might have drawbacks of long magnet charging delay time and high field-ramp-loss. These potential drawbacks can be mitigated by managing the turn-to-turn contact resistivity (Rc). In this research, we measure Rc of REBCO tapes experimentally at low temperatures as a function of mechanical load up to 144 MPa and load cycles up to 14 times. 
Experimental


Samples used in this experiment are REBCO conductors made by SuperPower (SCS4050AP). For Rc measurement, a test probe is designed and constructed as shown in figure 1. In this probe, a 25 mm long lap contact in REBCO-to-Substrate configuration is placed on a flat G-10 bottom plate. Transverse pressure is provided by an air cylinder. During experiment, the sample is immersed in liquid nitrogen. In a variable temperature measurement, sample is cooled down to 4.2 K and is allowed to warm up naturally while Rc is measured. 
Results and Discussion


Rc under cyclic load is measured up to 144 MPa for 1, 2, 3, and 14 cycles as shown in figure 2. Small hysteresis in Rc is noticeable for each cycle, where unloading Rc is slightly lower than loading Rc indicative of some degrees of plastic deformation at contacts. It is also noted that after the first load cycle Rc (P) curves can no long be fitted with equation [1] which is based on Holm’s electrical contact theory

Rc = AP-1/2 + B


[1]

Where A and B are fitting parameters. Furthermore, under a given load Rc increases gradually with number of load cycles.
Rc (T) is also measured 4.2 - 100 K under a nominal contact pressure of 2.4 MPa. As shown in figure 3, Rc is almost constant below 20 K. Above 20 K, Rc increases slowly initially until a rapid upturn with an onset at ~85 K consistent with a sharp increase in longitudinal resistance at Tc of REBCO. The Rc (T) curve below Tc is generally consistent with the behavior of copper resistivity, which is in agreement with Holm’s electrical contact theory.
Conclusions

Rc of SuperPower REBCO samples are measured at 77 K and 4.2 K under mechanical load between 2.4 and 144 MPa and up to 14 load cycles. We found that Rc is in a range between 26 and 100 -cm2 and decreases with load, but gradually increases with load cycles. The Rc versus load and load cycle behavior can be understood by Holm’s electrical contact theory. 
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Fig.3 Temperature dependence of Rc measured 4.2 -100 K. 2.4 MPa





Fig.2 Rc measured at 1st, 2nd, 3rd, and 14th load cycles up to 144 MPa at 77 K.





Fig.1 a picture of experimental probe.
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