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Introduction 
The no-insulation (NI) high temperature superconductor (HTS) winding technique is a promising option for high field REBCO magnets due to its self-protecting feature that permits high current density operation. However, the turn-to-turn leakage current path induced by the absence of insulation introduces nonlinearities into the magnetic field current characteristic and significant delay in reaching the desired field. This report shows that an “active feedback control” can mitigate the charging delay of an NI REBCO magnet [1].
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	Fig.1 PI feedback control diagram for the NI test magnet.


For experiments, we used an NI REBCO magnet that consisted of 13 double pancake (DP) coils, originally built by the PI, S. Hahn, at MIT. The magnet constant, inductance, characteristic resistance, and coil Ic at 77 K are 29.2 mT/A, 0.528 H, 3.5 mΩ, and 41.4 A, respectively. Fig.1 shows the feedback control block diagram for the NI test magnet. The key principle of “fast tracking" of the target 
field is that the PI controller monitors the discrepancy between the reference field and the actual field and then controls the power supply current to track the reference field within the operational limits of the power supply voltage and current.
Results and Discussion

Fig.2 shows the charging test results of the NI magnet: (a) without feedback control and (b) with feedback control using respective P and I gains of 5000 and 25. All tests were performed in a bath of liquid nitrogen at 77 K. With active control, the magnet reached 99.5 % of the target field in 0.4 s (Figs.2b and 2c), while 850 s was required without control (Fig.2a).  There is a substantial reduction of charging delay of the NI magnet by use of the active feedback control.  
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Fig.2 Charging test results of the NI magnet; (a) without feedback control; (b) with feedback control (reference signal ramping rate: 2.5 mT/s; P-gain: 5000; I-gain: 25); (c) enlarged view of  Fig.2b. 
Conclusions
The results demonstrated that feedback control can enable an NI magnet to be energized in a controlled way with a substantially reduced charging delay. The magnet did not experience quench due to hysteretic loss or by Joule heating from the turn-to-turn leakage current, indicating a large stability margin of the magnet at 77 K. The performance needs to be further investigated when feedback control is applied to a magnet operating at a lower temperature, e.g., in liquid helium at 4.2 K, and at a higher current.
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