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Analysis of Mutual Forces of the NHMFL High Field Magnets and the 
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Introduction

As the NHMFL continues to install higher field magnets into an already crowded building, preventing unwanted interaction between the fringe fields of a given magnet and neighboring magnets, structural steel, and human occupants becomes a larger challenge. These interactions can be reduced by means of (a) choice of location of magnets and (b) passive shielding with magnetically soft material. The latter invites a comprehensive non-linear finite element 3D electromagnetic analysis which was performed on several magnets with the use of OPERA by Vector Fields.  
Results and Discussion

The following tasks were completed: 

- 32 T test site: 1) The mutual forces between the 32T magnet and the NHMFL Series-Connected Hybrid (SCH) magnet were calculated (Fig.1). 2) The effect of steel reinforcement within the concrete floor under the SCH was carefully analyzed. 3) The mutual forces between the 32T magnet and steel support structures (beams) at the test site were considered. We concluded that the 32 T should be tested in an alternate location. 

- 32 T operation site: We considered including ferromagnetic shields around the pits for the 32 T magnet and future ultra-high field superconducting magnets to reduce the field on nearby humans and mechanical equipment. We concluded that the 32 T should be installed in the pit furthest from humans and rotating machinery and future magnets will need to include active electromagnetic shields.
- 16.5 T, 11 cm bore: The effect of the new NHMFL SCH magnet and steel reinforcement within the concrete floor would have on a 16.5 T, 11 cm-bore magnet was considered. A new location and elevation of the magnet were found to diminish the force and torque.
- The mutual forces between the 12T Split magnet and the SCH were evaluated at several spatial orientations of the Split magnet. We concluded the magnet can be operated in its present location without modification.
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	Fig.1 NHMFL SCH magnet with iron shield (right) and 32T all-superconducting user magnet (left). OPERA FE model.
	Fig.2 Complete configuration of 1/8 inch thick magnetic shield of two 32T magnets (small red cylinders) to reduce the fringe field. OPERA solid model with a 10G iso-valued surface. Rotated.



















