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Resistive Insert Magnet Design for the FSU Series Connected Hybrid
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Introduction

The National High Magnetic Field Laboratory (NHMFL) is developed two Series Connected Hybrid (SCH) mangets each comprising of a superconducting outsert built with Nb3Sn cable-in-conduit conductor and a resistive insert using Florida-Bitter technology. The first SCH, to be operated at the Helmholtz Center Berlin (HZB), has been tested successfully in 2014 generating a central field above 26 T in a horizontal, conical warm bore with a 30 degree opening angle suitable for neutron scattering experiments. The second SCH, to be installed and operated at the NHMFL, has a target to provide 1 ppm maximum field inhomogeneity in a 36 T, 40 mm bore for condensed matter NMR science. The resistive insert contributes 23 T and includes four coils electrically in series with a total power consumption of 14 MW. The innermost two resistive coils include axial current-density grading targeting an un-shimmed field uniformity below 100 ppm over a 10-mm-diameter spherical volume. The design of the resistive insert for the FSU SCH was completed in mid-2014, fabrication of the resistive coils has just been completed at the end of 2015 and this project is currently in the final assembly phase.
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Inner Radius [mm | 27.0 715 1121 1618
Outer Radius [mm] 685 109.1 1588 230.0
Total Winding Height [mm | 410.0 540.0 594.0 602.0
Current [kA] 20.0 200 200 200
Power [MW] 489 226 228 433
Coil Self Field [T] 10.14 430 407 476
Constant Cooling Water Flow [I/s] 33.1 214 245 392
Water Temperature Rise [°C] 325 275 254 263
MP=Midplane Material CuAg CuZr Cu Cu

MP Disk Thickness [mm] 028 045 047 047
ET=Endturn Material Cu CuZr Cu Cu

ET Disk Thickness [mm] 044 045 047 047





The NHMFL has completed the detailed analysis optimizing the design of the high homogeneity resistive insert for the FSU-SCH [1] targeting a high homogeneity of 1 ppm field uniformity [2] over a 10 mm diameter spherical volume after shimming (based on an un-shimmed homogeneity of ~100 ppm). The insert consists of four coils electrically connected in series. The final design includes winding geometries that are optimized for a maximum central field of 36 T at full 14 MW power (including a 13 T background field from the SC outsert) while satisfying all thermal and strength requirements for a safe magnet operation. 

The resistive magnet bore tube has a 48 mm inner diameter to provide a 40 mm bore for user experiments plus a 4 mm radial clearance for shimming.

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 winding, structural deformations, and stresses. All disk geometries have been iteratively optimized to provide relatively uniform temperature distributions across each individual plate with peak temperatures not exceeding ~105 °C in any part of the winding. All winding sections satisfy the structural design criteria of von Mises stresses, integrated along any path of conductor webbing in each disk, not to exceed 650 MPa for the CuAg A-Coil, 377 MPa for the CuZr B-Coil and 350 MPa for the Cu C-Coil and D-Coils.
Conclusions

The NHMFL has finished the design and construction of two SCH resistive insert magnets. The first installation located at the HZB in Germany started commissioning in March 2015 including operation at 4.4 MW routinely providing peak fields above 25 T in a conical bore with a 30 degree opening angle. The second SCH to be operated at the NHMFL is in the final construction phase with powered tests planned for early 2016.
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Fig. 1 . Vertical section of the FSU-SCH resistive insert and cooling water with constant flow of 118 l/s side by side with a schematic of the four resistive coils illustrating the regions with dedicated current-density grading aimed to achieve the targeted final field homogeneity of ~1 ppm (un-shimmed~100 ppm).





Table 1. General FSU-SCH HH Coil Design Parameters
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