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No-insulation (NI) high temperature superconductor (HTS) winding approach has been progressing as a
promising technique to produce compact, reliable and robust magnets, and has demonstrated electromagnetic
quench propagation and self-protecting nature. Comprehensive distributed network simulation models have
been used to understand the mechanism of the self-protecting behavior in a qualitative manner. However, the
electromagnetic responses of actual NI magnets consisting of a stack of multiple coils have not been fully un-
derstood. Our approach uses previously described “lumped circuit model,” where each NI sub-coil in a magnet
is modeled as an inductor and a resistor connected in parallel. Combined with an adiabatic lumped thermal
analysis, the model reasonably well simulates the electromagnetic quench propagation among magnetically
coupled sub-coils, much faster than the comprehensive distributed approach. Yet, some time-varying vari-
ables including transient responses of individual pancake voltages showed substantial discrepancy between
measured and simulated results. The goal of this research is to investigate this discrepancy and improve our
code for more precise simulation. An NI magnet comprising a stack of 3 double-pancake coils was constructed
with REBCO tapes of which the lengthwise critical current over the entire length and the angular dependency
of critical current of a short sample had been measured before construction of the coils. Fast ramping and
over-current quench tests of the magnet were performed in a bath of liquid nitrogen and liquid helium, and
the results were compared with simulated ones based on the inverse calculation approach. This allows us to
investigate the validity of our code in a more controlled manner and better understand the electromagnetic
behavior of an NI magnet more accurately.
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