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Potential Modeling for Cylindrical Shaped Structures
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Synopsis

A numerical method was developed to solve the three-dimensional potential
distribution about a point source of direct current located in or on a cylindrical shaped
arbitrary conductivity distribution. In order to express the cylindrical-shaped outer
boundary, we used cylindrical coordinate system in formulation and applied Neumann
boundary condition to all external boundaries. For performance evaluation, numerical
results obtained by this method were compared with experimental results using
simulation sample (conductive plastic). These results had roughly agreement. These
agreements support the validity of new method.
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Fig. 1 3-D discretization grid in Cylindrical
coordinates.

Fig. 2 Hexahedral element at 3-D discretization
grid in cylindrical coordinates.
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Fig. 3 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j,k)
ata Top face (r-6 plane).
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Fig. 6 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j,k)
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Fig. 4 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j, k)

Fig. 5 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j,k)




Fig. 7 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j, k)
at a Front face (r-z plane).
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Fig. 8 Node locations and conductivity distribution
on the six surfaces of S;;, about a node (i,j,k)
at a Back face (r-z plane).
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Fig. 9 Hexahedral element at 3-D discretization
grid in cylindrical coordinates (r = 0).
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Photo 1 A cylindrical conductive plastic with
52mm diameter and 100mm long.
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Table 1 A specification sheet of the conductive epoxy.

i FIE EE G (°C) -91~100
F k5 TIRF URHE - R
N = - 4 B,
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Fig. 10 Side-surface of a cylindrical plastic
sample. The shape of each electrode is square
2.5mm on a side. Horizontal and vertical spacing
are 30°(13.64mm) and 10 mm, respectively. The
positive current electrode is set at (81, z5). The
negative current electrode is set at (67, z5). The
negative potential electrode is set at (04, z5).
During experiment, the DC current is applied by
“Keithley6514” with current intensity of 1mA, and
voltages are measured by “Keithey6514”. We
measured voltage between a negative current
electrode and the other electrode when a DC
current was supplied between two current
electrodes.

Photo 2 A cylindrical plastic sample with arrays
of high-density electrodes.
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Fig. 11 The voltage distribution relative to the
point (04, z5) on side surface of the sample.
Electrodes for the observation are set at grid points
in the map.
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Fig. 12 The voltage distribution obtained by a
numerical calculation.
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Fig. 13 The distribution of difference between
experimental results and numerical results.
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Fig. 14 Profiles of voltages in the circumferential

direction (z1:z=10mm).
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Fig. 17 Profiles of voltages in the circumferential

direction (z4: z=40mm).

Fig. 15 Profiles of voltages in the circumferential

direction (z2: z=20mm).
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Fig. 16 Profiles of voltages in the circumferential

direction (z3: z=30mm).
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Fig. 18 Profiles of voltages in the circumferential

direction (z5: z=50mm).
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Fig. 19 Profiles of voltages in the circumferential

direction (z6: z=60mm).
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Fig. 20 Profiles of voltages in the circumferential
direction (z7: z=70mm).
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Fig. 21 Profiles of voltages in the circumferential
direction (z8: z=80mm).
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Fig. 22 Profiles of voltages in the circumferential
direction (z9: z=90mm).
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