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Abstract: As the nuclear magnetic resonance ( NMR) continues to develop towards the direction of portability and low cost, the
miniaturization of the main magnet in the NMR has become a major concern. To realize the miniaturization of NMR, a low-field NMR
main magnet based on Halbach structure is designed and implemented. Firstly, the ANSYS finite element simulation software is used to
simulate the Halbach structure formed by the specific arrangement of multiple magnetic stripes to adjust the parameters, such as the
number, size, length, and position of the magnetic stripes. Secondly, according to the ideal model parameters determined by the
simulation, the main magnet, which is a cylinder of 108 mm diameter and 170 mm height weighing 4.5 kg, is realized and its central
magnetic induction strength and uniformity are tested. Finally, based on the test results, a uniform field sheet matrix is designed to
improve the uniformity in the 5 mm diameter spherical region at the center of the magnet to 451. 68 ppm with a central magnetic induction
of 221. 4 mT using passive uniformity. In the design, it is a good trade-off between magnet performance and production cost.
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Fig. 1 Schematic of several typical Halbach structures
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Fig.3  Schematic of magnetic dipole
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Table 1 The influence of the number of magnetic stripe

on its parameters

N/AS a/mm R pper/ MM A/em?
8 70.71 150. 00 400. 00
16 31.70 122.42 160. 78
24 20. 39 114. 42 99.75
32 14.99 110. 60 71.91
40 11. 84 108. 37 56.07
48 9.78 106. 92 45.89
56 8.32 105. 88 38. 80
64 7.25 105. 13 33.60
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Table 3 Actual geometrical size of 16 magnetic strips

ETes K 1/mm K 2/mm KB/ mm
0 9.02 9.02 159.98
1 8.99 8.95 159. 96
2 8.96 8.97 159.98
3 8.95 8.96 159.97
4 8.97 9.00 159.98
5 8.93 8.95 159. 96
6 8.95 8.93 159.98
7 8.99 8.97 159.99
8 9.02 9.01 159.97
9 9.03 9.02 159. 96
10 8.93 9.03 159. 96
11 8.95 9.00 159.98
12 8.99 8.97 159.99
13 8.95 8.96 159.97
14 8.97 9. 00 159.98
15 8.93 8.95 159. 96
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(a) Simulation results of the edge length error model
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Fig. 16  Simulation results of an error from the magnetic strips
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Fig. 17  Simulation results of the actual size model
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