[image: image1.jpg]<



[image: image1.jpg]

Detailed Analyses of the Magnetic Field Uniformity of the NHMFL 32T All-Superconducting Magnet and the Magnet Insert Safety Margin
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Introduction

     The NHMFL 32 T, 32 mm cold-bore all-superconducting magnet comprising two high temperature superconducting (HTS) REBCO pancake-wound coils (insert) and a low-temperature superconducting (LTS) outer multi-section magnet (outsert) is intended to be a user magnet (Fig. 1), with field uniformity better than 500 parts per million over a 10-mm-diameter spherical volume. 
Homogeneity with variable material properties
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      The magnet is constructed from REBCO tape wound to form double-pancakes, or modules. Assembling the modules to make a coil is complicated by the fact this is nascent technology. Different pieces of tape have different current-carrying capacity. Ideally, the tapes with lowest critical current would be placed near the mid-plane of each coil where the radial field is low while the ones with high critical current are placed at the ends where the radial field is high. However, while the pancakes are intended to be identical, there are variations in the widths and thicknesses of the tapes which result in different pancakes having different thicknesses and numbers of turns, which impacts their actual current-density when operated electrically in series. To reach the field-uniformity goal, we need would like the assembly of modules to be symmetric about the mid-plane regarding these variations in effective current-density. However, there is no correlation between tape dimensions and critical-current.

A computer code that computes the field-profile based on an assumed arrangement of modules has been developed. An optimization algorithm is coupled with it to maximize the current-margin at each point in the coils while also meeting the homogeneity goal..

Fig. 2 shows the plan for assembling the modules to form the coils. The field uniformity obtained as a result of optimization is much better than 500 PPM.
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Fig. 1. Cross-section of the 32T magnet with the LTS (Nb3Sn and NbTi) outsert built by Oxford Instruments, Ltd. and the HTS (REBCO) insert coils.
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Fig. 2. The measured current-carrying capacity of REBCO tapes in the pancakes of the HTS inner and outer coils by the pancake section ordinal number. There are 40 modules in the inner coil with three pieces of tape per module (120 tapes in total), and 72 modules in the outer coil with two pieces of tape each. 








