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Design and Performance Estimation of a 35 T 40 mm
No-Insulation All-REBCO User Magnet
Kim, K.; Bhattarai, K.R. (ASC, NHMFL); Jang, J.Y.; Hwang, Y.J. (KBSI); Kim, K. (ASC, NHMFL); Yoon, S. (SuNAM Co., Ltd.); Lee, S.-G. (KBSI) and Hahn, S. (ASC, NHMFL)
Introduction 

To date, multiple no-insulation (NI) REBCO magnets have been designed, built, and tested successfully; the results showed a strong potential of the NI REBCO magnet technology for high field magnets. Motivated by this recent progress, especially the latest 26 T 35 mm all-REBCO NI magnet [1], an R&D project has been embarked upon in 2016 in collaboration with the Korea Basic Science Institute (KBSI), the SuNAM, Co., Ltd., and the National High Magnetic Field Laboratory to design, construct, and operate a 35 T 40 mm all-REBCO NI magnet (named “H35”) [2]. This report presents the magnet design and performance estimation. 

	Table I Key parameters of H35.
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Fig.1 Post-quench simulation results of H35 magnet.
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Magnet Configuration

Tape width (0.12 mm thick) [mm] 41 5.1 6.1 7.1 8.1
Pancake-pancake insulation (G10) [mm] 0.2

DP-DP spacer (AL5052) [mm] 0.6 (including 50-pm Teflon coating on each side)
Inner radius, a; [mm] 20.0

Outer radius, ay [mm] 110.8

Zhot' Ztop” [mm] -72;72 72;138 138;203 203;263  263;314
Overall height [mm] 628.0

Number of DP 16x1 6x2 5x2 4x2 3x2
Turn per pancake 757

Conductor per DP [m] 623

Total conductor per module [m] 9958 7468 6224 4979 3734
Overal conductor requirement [km] 44.6 (4.1-mm equivalent)
Estimated R," mQ] 2444 1474 102.7 70.6 46.4
Operation

Center field, B, [T 35.0

Operating current, I, [A] 179.8

Operating temperature T, K] 4.2

Conductor current density, J, [A/mm?  365.4 203.8 245.6 211.0 185.0
Inductance, L [H] 110.5

Storage energy at I,, [MJ 1.79

Estimated 7. [min 3.01 (110.5 H/611.5 m®)

Peak magnetic hoop stress [MPa) 422

“Except M1, only the coils above the magnet midplane (2=0)

bContact surface resistance: (170 p€-cm?)






Magnet Design
Table I shows the key parameters of H35. The magnet consists of a stack of 52 no-insulation DP coils wound with the multi-width REBCO tapes. Inner and outer diameters and height of the magnet are 40 mm, 221.6 mm, and 628 mm, respectively. It is designed to generate 35 T at an operating current (Iop) of 179.8 A in a bath of liquid helium at 4.2 K. The magnet inductance was calculated to be 110.5 H. For the stress analysis, the generalized Hook's law and plane stress assumption were adopted. The peak magnetic hoop stress was calculated to be 422 MPa, which corresponds to a strain value of 0.37 %. 
Performance Estimation
Charging delay is an intrinsic drawback of an NI magnet due to the current bypass through turn-to-turn contacts. To reduce the magnet charging time constant, so-called “metallic clad” REBCO tapes will be adopted.  These have a 1-2 um thick stainless steel layer surrounding the tapes hermetically. The characteristic resistance of the magnet was estimated to be 611.5 mΩ assuming a surface contact resistance of 170 uΩ·cm2. This translates to a charging time constant of 3 minutes. A preliminary post-quench analysis, based on our lumped equivalent circuit model, is simulated for H35 in Fig.1. The stored energy at Iop is 1.79 MJ.  It is expected to be discharged in approximately 1.28 s after a quench due to the fast electromagnetic quench propagation between the magnetically-coupled DP coils. The peak hot spot temperature is estimated to be ~94 K, acceptable for a safe quench of an REBCO magnet. 
Conclusions
The H35 design results summarized here are the basis for building the magnet, starting in 2017. This collaborative project will be an important reference for development of other ultra-high (>30 T) field magnets currently in progress or in planning at the MagLab.
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