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Introduction

The development and assembly of a 32 T, 32 mm cold bore all-superconducting magnet system with high temperature superconducting (HTS) REBCO inner high field coils (insert) and a low-temperature superconducting (LTS) outer multi-section magnet (outsert) has been finished at the NHMFL (Fig. 1). During 2017, the magnet has been aggressively quench-tested at various levels of magnetic field to ensure the magnet safety. Every test was computer simulated in full before it was launched in an effort to virtually check the magnet quench protection system effectiveness and to guide the test team. A quench analysis code developed in-house was used.
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	Fig. 1. Cross-section of the 32T magnet with the LTS outsert (schematic) built by Oxford Instruments, Ltd. and the HTS insert REBCO coils.
	Fig. 2. Insert & outsert currents during a protected quench at 28T. Predictions vs measurements. Example.


The quench code and predictions
The quench code, which was verified on the prototype coils previously, is capable of comprehensively simulating the magnet system practically “as is” with due regard to the coil structures and material properties. A satisfactory agreement between the predictions and the measurements was obtained for a significant number of quench tests (Fig. 2) despite a lack of information about the outsert design. The insert and outsert current decay profiles, the insert voltages to ground and across particular groups of pancakes were measured and compared with the pre-calculated results. The predictions included also the time-varying hot-spot temperatures, temperature distributions and stress (due to the Lorentz forces), which were supposed to be kept within the predetermined safe limits.
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