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Design of a 40 T resistive magnet at the NHMFL
Toth, J. and Bole, S. (NHMFL)
Introduction

The National High Magnetic Field Laboratory (NHMFL) has developed the design of its next generation 32mm bore Resistive Magnet. This magnet upgrade includes enlarging the size of the most outer coil from a 610mm to a 1000mm outer diameter and from a 430mm to a 730mm maximum height. First, a general design optimization was performed to decide on the number, the geometries and the materials of the nested resistive coils. As a result of that analysis, the new magnet will consist of six coils (upgraded from 4 coils) with the innermost two coils electrically connected in parallel and the remaining coils connected in series. Next a series of systematic detailed analysis of the winding pack was iterated coil by coil as well as section by section along each coil axis employing current density grading all aiming to achieve a new world record field near or above 40 Tesla.
Results and Discussion
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Numerous sets of coupled thermal-electric and structural FEA have been conducted for evaluating the effective turn voltages, peak temperatures, current densities, peak field on the coils (Fig 1), structural   deformations, and stresses. These analyses were iterated multiple times and have been completed for all coil sections. A summary of the final design parameters satisfying all requirements is listed in Table 1 below.

The resistive magnet coils have been designed to withstand all thermal loads at maximum operating current based on parametric hydraulic models providing estimates for the cooling conditions in the various cooling channels. All evaluations for peak temperatures in the coils are based on conservative thermal boundary conditions (friction coefficient of 0.04) with flows corresponding to a 20 bar pressure drop. The magnet housing is designed in compliance with the ASME BPVC to react fault forces plus a 28 bar design pressure drop.

All disk geometries have been iteratively optimized to provide relatively uniform temperature distributions across each individual disk with peak temperatures not exceeding ~120C in any part of the coil. Detailed parametric electromagnetic FEA was performed to determine the worst case combination of current density and magnetic field in each unique section of all the resistive coils. Structural loads based on these parameters have been calculated and imported into a coupled structural FEA evaluating structural deformations as well as stress distributions for each coil section. All coil sections satisfy the structural design criteria of von Mises stresses (integrated along any path of conductor webbing in each disk) not to exceed 660MPa for the CuAg and 350/300 MPa for the 0.44/0.75mm thick Cu disks. 
Conclusions

The NHMFL has finished the design of its next generation 32 mm bore Resistive Magnet. This design is targeting a peak magnetic field near or above 40 Tesla re-claiming the record it held for 19 years prior 2014. (presently Hefei, China holds the record at 38.5 T [1]). Construction has started and ambitious plans for fabrication and assembly are aiming for completion by the end of the current grant cycle in 2017.
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Fig.1. Top: Vectorfields FEA model predicting electromagnetic field distribution for a new 6-coil 32mm bore resistive magnet generating a peak field of ~40 Tesla! Bottom: Selected schematics of corresponding disk geometries designed via Ansys FEA.





Table 1. General Coil Design Parameters
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Inner Radius (IR) [mm] 19.0 331 691 1193 220.0 343.0
Outer Radius [mm] 323 66.1 1163 197.0 340.0 500.0
Midplane Winding Height [mm] 2299 2795 4005 35614 730.0 730.0
Total Winding Height [mm]| 500.0 5000 6900 710.0 730.0 730.0
Midplane Winding Material CuAg CuAg CuAg Cu Cu Cu
Endturn Winding Material Cu Cu Cu Cu Cu Cu
ave IR Current Density [A/mm?] 643 426 278 137 127 48
max Disk Temperature [C] 119 108 100 99 95 99

max ave Stress [MPa] 658 658 655 341 302 49



