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Contact Resistance between REBCO Tapes Coated with a Thin Resistive Layer
Lu, J., Levitan, J., Jiang, K., McRae, D., Walsh, B., Niu, R.and Han, K. (NHMFL)

Introduction

No-insulation (NI) REBCO magnets have the advantage of self-protection which allows significantly higher engineering current density and mechanical strength. However, NI REBCO magnets have drawbacks of long magnet charging delay time and high field-ramp-loss. These drawbacks can be mitigated by managing the turn-to-turn contact resistivity (Rc). In this research, we measure Rc of commercial REBCO tapes as a function of contact pressure cycles. We also studied the effect of various surface thin film coatings on Rc. 
Experimental


REBCO tape samples are coated with Ni and Cr by electroplating, and with high resistivity Ni5-7%P with electroless plating. The tape surface is also oxidized with Ebonol C to increase Rc  


For Rc measurement, a test fixture similar to what was used in a previous experiment [1] was designed and constructed to fit a MTS tensile test machine (Fig. 1) which allows for large number of load cycles. Rc is measured with up to 20,000 contact pressure cycles between 2.5 and 25 MPa at both 77 K and 4.2 K. 
Results and Discussion


Rc versus contact pressure cycles for REBCO coated with various resistive thin films is shown in Fig. 2. Rc of a commercial REBCO (blue triangles) initially increases with load cycle and reaches a maximum at about 10 -20 cycles. After that, Rc decreases and levels off after about 100 cycles to about 1/10 of its initial value. Samples with resistive coating exhibit a similar trend but with various initial Rc values. 

To simulate the case of a REBCO coil co-wound with a stainless steel tape, we measured Rc of two REBCO tapes with a stainless steel tape in between (black dots). A very high Rc was obtained. When the stainless steel is coated with a thin layer of nickel or copper (green empty triangles), Rc is considerably reduced.


Ni, Cr or Ni5-7%P plating do not increase Rc to a significantly higher value, especially after a few hundred load cycles (not shown). While REBCO surface oxidation by Ebonol C shows the ability to change Rc in a wide range (green, blue filled circles and blue empty circles).  
Conclusions

Rc versus contact pressure cycle shows interesting behavior. Rc increases and reaches maximum at about 10 cycles, but after 100 cycles it drops to about 1/10 of the initial value. Rc control can be realized by coating a resistive layer on REBCO. Among the coatings, surface oxidation using Ebonol C seems to be most effective. 
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Fig.1 The Rc test setup on a MTS machine.





Fig.2 Rc vs. load cycles for REBCO coated with various resistive thin films 








