
FLUX DENSITY DISTRIBUTION OF A MAGNET WITH AXIAL 

SYMMETRY TO BE USED IN FFC-NMR

CONCLUSION

Using computational tools based on the finite element method, the flux density

distribution for the proposed structure was studied for different dimensions of the

magnetic core. In Fig.2, the flux density distribution along the magnetic core is shown.

Since the FFC NMR technique requires high flux homogeneity, it was verified that with

flat poles (central leg) it is not possible to fulfil this requirement. In order to overcome

this restriction, the poles shape was optimized, resulting on a trapezoidal shape, as

can be slightly seen in Fig. 1. After this optimization, the flux density uniformity is better

than the minimum target value (ΔB/B0 > 1×10-4). The flux density distribution at the air

gap is shown, being possible to observe that the flux density is almost constant for the

pole sections.

ABSTRACT

According to the application, magnets can have different structures or be

based on different types of materials [1-2]. In this work, a magnet without moving

parts is designed having axial symmetry. With this magnet is intended to achieve a

flux density distribution in its air gap in accordance with the requirements of the Fast

Field Cycling Nuclear Magnetic Resonance (FFC-NMR) technique [3].

The main structure of the proposed magnet is represented in Fig. 1, being the

magnetic core spot facing using standard steel. In order to achieve 0.2T on the air

gap, a current density of 4A/mm2 is defined for the copper coils. In addition, high flux

homogeneity (ΔB/B0) should be attained at the air gap volume. For that, a trapezoidal

shape for the pole surface was optimized.

MAGNET STRUCTURE

Fig. 1 – Magnetic core 

structure.

CORE WITHOUT RING

Fig. 3 – Magnetic core 

skeleton.

Fig. 2 – Flux distribution

along the magnetic core.
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Fig. 4 – Flux density distribution to three 

layers in the air gap of the magnetic core.
Fig. 5 – Level curves for the flux density 

distribution of the three layers .
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Fig. 6 – Flux density distribution to three layers 

in the air gap of the magnetic core.

Fig. 7 – Level curves for the flux density 

distribution of the three layers .

Table I – Field homogeneity comparison with and without ring.

CALCULATION OF THE POTENTIAL

Using the three-dimensional vectorial formulation for the regions without currents (free space) :

𝛻 ×
1

𝜇𝑟
𝛻 ×  𝐴 = −𝜇0  𝐽.

The coils total current is:  𝐼𝑡𝑜𝑡𝑎𝑙 = 𝑁 𝐼.

Being the total magnet motive force 1600 A.turn, the current density (J) is given by:

 𝐽 =
 𝐼𝑡𝑜𝑡𝑎𝑙

𝑆
.

To obtain the magnetic induction in the air gap, it is known that:

𝐵 = 𝛻 ×  𝐴.

Being the potential given by:

 𝐴 = 

i=1

3

𝐴𝑖x𝑢x + 𝐴𝑖y𝑢y + 𝐴𝑖z𝑢z φ𝑖(𝑥, 𝑦, 𝑧)

φ𝑖(𝑥, 𝑦, 𝑧) = 𝑎𝑖 + 𝑏𝑖𝑥 + c𝑖𝑦 + 𝑑𝑖z

The magnetic induction is: 

𝐵 =  i=1
3 c𝑖A𝑖z − d𝑖A𝑖y 𝑢𝑥 + d𝑖A𝑖x − b𝑖A𝑖z 𝑢y + b𝑖A𝑖y − c𝑖A𝑖x 𝑢z .
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