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Summary The article describes possibility of the deformity magnetic field numerical modeling into surroundings of the
measured dia — paramagnetic specimens. This deformation study is given for the purposes MR measuring, where MR images
are deformed from the point of view of susceptibility heterogeneous materials. For the numerical simulation was chosen
elementary configuration. The results was verified by MR experimental measurement. As the MR measurement method was

used techniques of the gradient echo

1. INTRODUCTION

Measurement method for measuring
susceptibility of the homogenous materials by
magnetic resonance (MR) techniques were detailed
described in texts [4] — [7] and the results were
verified by finite element methods (FEM) numerical
simulations. For measuring susceptibility of the
heterogeneous materials with the complicated shapes
MR techniques (it was described in [8] - [9]) hadn’t
always unique outgoing values. It is necessary find
the method, how it is possible reliable measured
results verify. One of the possibility of verification is
the use of FEM numerical analysis with ANSYS
system. The main advantages of the FEM ANSYS
system is the ability to solve the multi-physical
models, anisotropic materials and possibility to use
of APDL programming language. This all
advantages haven’t the other programs together.

The aim of our work is to find simply
model for numerical modeling and NMR
experiment- verification. There can be changed
heterogeneous  material properties and next
experimentally measured. The idea of increase of
MRI is in the hybrid experimental and numerical
inverse method. The numerical results are used in
the MRI experimentally obtained data. The
application of numerical results to the NMR post-
processing can much more increase the final images.

2. GEOMETRICAL MODEL

The Fig. 1 describes the sample geometry for the
numerical modeling. On both sides, the sample is
surrounded by the referential medium (clay). As
shown in fig. 1, in the model there are defined five
volumes with different susceptibilities. The
materials are defined by their permeabilites
material No. 4 — the medium outside the cube (air,
%x=0), material No. 3 — referential medium (clay, x =

-9,92.10°), material No. 2 — the cube and the in-
homogeneity covering (sodium glass, ¥ = -11,7.10°
6), material No. 1 - the material inside the in-
homogeneity (water, ¥ = -12,44.10°). The
permeability rate was set with the help of the
relation u=1+y.

For the sample geometry according to fig.
1, the geometrical model was built in the system
Ansys by FEM. In the model there was applied the
mesh of elements, type Solid96 (ANSYS). The
boundary conditions (4) were selected for the
induction value of the static primary magnetic flux
density to be By=4,7000 T in the direction of the z
coordinate (the cube axis) — corresponds with the
real experiment carried out using the MR tomograph
at the Institute of Scientific Instruments, ASCR
Brno.
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Fig. I The sample geometry for numerical modeling, path

of magnetic flux density evaluation

3. NUMERICAL ANALYSIS

The numerical modeling was realized using the
FEM with the ANSYS system and it was detailed
described into reference [4]. The numerical
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modeling results are represented in fig. 2, fig.3. The
numerical modeling results were then used for the
representation of the module of magnetic flux
density B along the defined path. For the model
meshing, the element sizes selected as optimum
were 0,25.10°m and 0,125.10° m. The boundary
conditions *¢,/2 were set to the model edges, to the
external left and right boundaries of the air medium,
as represented in fig.1. The excitation value t¢,/2
was set by using again the relation (4).This is
derived for the assumption that, in the entire area,
there are no exciting currents, therefore there holds
for the rot H = 0 and the field is irrotational.
Consequently, for the scalar magnetic potential @,
holds

H =-gradg, 1

The potential of the exciting static field
with intensity Hy is by applying (2)
¢m:J.HO'ude:H0.Z (2)
where u, is the normal vector on z direction.
Then

H,= B
Mo 1, )
Then
P _ B-z= 4,7000-90-10°®
2 T2 20 )

where z is the total length of the model edge.
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Fig. 2 The numerical solution of the FEM model in the
ANSYS system, distribution of module magnetic flux
density B
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Fig. 3 The numerical solution of the FEM model in the
ANSYS system, distribution of module magnetic flux
density B

4. EXPERIMENTAL MEASUREMENT

The experimental measuring was realized using
the MR tomograph at the Institute of Scientific
Instruments, ASCR Brno. The tomograph
elementary field B, =4,7000 T is generated by the
superconductive  solenoidal horizontal —magnet
produced by the Magnex Scientific company. The
corresponding resonance frequency for the 1H cores
is 200 MHz. The numerical modeling and analysis
of the task have verified the experimental results
and, owing to the modifiability of the numerical
model, we have managed to advance further in the
experimental qualitative NMR image processing
realized at the ISI ASCR. As the MR measurement
method was used technics of the gradient echo. The
results spectral characteristic into water in-
homogeneity are given into fig. 4. The relation for
computation frequency to the magnetic flux density
distribution change AB is

2T Af

AB =
2,67 ¢° 5)

where f (Hz) is measured frequency and AB (T)
is magnetic flux density distribution change. For
water in-homogeneity according to fig.l1 is value
magnetic flux density distribution change from
graph fig. 4 equal. AB=4,7uT. The frequency
frax=900Hz with maximum diagram value in fig. 4
on histogram according to relation (5) correspond to
AB=21.15uT. This is the right results, because the
difference of magnetic flux density from numerical
results , fig.2 is approximately AB=15.0uT . The
accuracy result was obtained from path solution. The
numerical results are showed in fig.3. There is the
difference of magnetic flux density AB=36.0uT. The
better result can be done with the numerical result
histogram solution.
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Fig.3. The magnetic flux density distribution change into
water in-homogeneity AB=36uT, ANSYS numerical
analysis results
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Fig. 4 The experimentally measured spectral
characteristic into water in-homogeneity

4. CONCLUSION

The result showed, that it is possible use FEM
modeling to the heterogeneous material analysis
and use for the magnetic field deformation study
into MR experiments. The mathematical
experiments showed good results in surroundings of
the heterogeneous objects with the complicated
shapes.
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