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Numerical Simulation of Trapped Field Homogeneity in an NMR Superconducting Bulk
Magnet after Inserting a High-J. HTS Thin Cylinder
— The influence of the thin cylinder geometry —

Hiroyuki FUJISHIRO™f, Yousuke YANAGI™, Yoshitaka ITOH"? and Takashi NAKAMURA "

Synopsis: The effect of inserting high-J. HTS thin cylinders into a 200 MHz (4.7 T) nuclear magnetic resonance (NMR)
superconducting bulk magnet using a field-cooled magnetization (FCM) process and three-dimensional (3D) numerical
simulation was studied. High-Jc thin cylinders of various lengths and shapes were inserted in various positions. A recent
experiment in which a cylinder wrapped with a high-J. material was inserted in a bulk cylinder was confirmed to be effective in
reducing the inhomogeneity of the trapped field in the hollow space. We also modeled an actual cylinder with several kinds of
slits. As a result of the defect in the NMR cylinder bulk magnet, the inhomogeneity of the trapped field can be drastically
improved by inserting a HTS thin cylinder that has a higher J; than a bulk material the same length as the bulk magnet. However,
the level of improvement in the trapped field homogeneity changes depending on the spatial relationship between the defect and
the HTS thin cylinder, and on the length and shape of the HTS thin cylinder with and without slits. The superconducting current
flows in the HTS thin cylinder to compensate for the inhomogeneous trapped field caused by the defect. The optimum length and
shape of the high-J: HTS thin cylinder is discussed in terms of realizing a practical compact NMR bulk magnet.
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Fig. 1 (a) Half model of the framework for the numerical
simulation of FCM, in which the dimension of the bulk cylinder
and the position of defect A and defect B are shown. The length
and position of the various types of HTS cylinders for the (b)
defect B and (c) defect A are presented.
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Fig. 2 Schematic models of the high-Jc HTS thin cylinder with
various types of slits (i.e., L-slit, H-slit and C-slit) in the bulk
cylinder.
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Fig. 3 (a) Trapped field deviation 4B, around the central
region along x-direction (-4<x<4 mm) at y=z=0 for the defect A
bulk magnet with Type-C1 and Type-C4 cylinders. (b) A cross-
section of the macroscopic trapped field profile along the z-
direction at x=y=0 for each case. The microscopic 4B; in the z-
direction is also shown in the inset. The results for the uniform
bulk magnet without inserting the cylinder are also shown for
each figure.
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Fig. 4 (a) Trapped field deviation 4B, around the central region
in the x-direction (-4<x<4 mm) at y=z=0 for the defect B bulk
magnet with Type-C1, Type-C2 and Type-C3 cylinders. (b) The
macroscopic trapped field profile in the z-direction at x=y=0 for
each case. The microscopic 4B; in the z-direction is also shown in
the inset.
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Fig. 5 Trapped field deviation AB; around the central region in
the (a) x-direction (-4<x<4 mm) at y=z=0 and (b) z-direction
(-5%z<5 mm) at x=y=0 for the defect A bulk magnet and HTS
cylinders with various slits.
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Fig. 6 Trapped field deviation 4B; around the central region in
the (a) x-direction (-4<x<4 mm) at y=z=0 and (b) z-direction
(-5%z<5 mm) at x=y=0 for the defect B bulk magnet and HTS
cylinders with various slits.
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