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Exciting Current Visualization Using Triangular Loop Coil Model

Hisashi ENDO, Toshihiko ABE, Tetsuya UCHIMOTO, Toshiyuki TAKAGI,
Yoshinobu YASHIMA and Yoshifuru SAITO

ABSTRACT

A triangular loop current model visualizes exciting currents giving the desired
magnetic field distribution by means of inverse problems. Combining a set of three line
currents as a triangular loop represents magnetic field sources holding the conservation
of currents, as well as magnetic fluxes. For designing exciting coils, at first, the region
for the coils is filled with the current elements. Second, the desired magnetic field
distribution represented as an input vector derives a system of equations from the
relation between the magnetic field distribution and currents. Third, solving this
ill-posed linear system determines the intensity of current in each of the elements.
Finally, the current vector visualization performs designing exciting coils. The
applications in homogeneous and concentrated magnetic field generation are presented.
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Fig.1 Magnetic field sources represented by
closed-loop currents.
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Fig.2 Triangular loop current element. Left: Three
line currents consisting of an element. Right:
Calculation of magnetic field caused by the line
current from P, to P;.
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Fig.3 Current vector visualization by means of loop
current connections.

Fig.-4
z=0 z 1 A/m

lcm 3

Coil Surface 1 3

288, 450, 578 1316
Fig.4 z=0
10cmx10cm X-y 10
121 ¢)) {Y}
X, Y, Z
121x3=363 363 1316
N
tTetleTot
z(cm)
A ?TfTTTTT;TT ARSI,
t
f

(a) Given magnetic field

Coil Surface 3 ,\/v

17 -

/ Coil Surface 2
15

Coil Surface 1

v A
Given Field
/ 10 ;N VH

(b) Multi-layered coils

Fig.4 Given magnetic field and coil surfaces as field
sources. (unit:cm)
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(a) Coil Surface 1 (z= 1cm)
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(b) Coil Surface 2 (z=2cm)
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(c) Coil Surface 3 (z=3cm)
Fig.5 Evaluated current distributions. Left: Current

intensity in ampere. Right: Current vector
visualization.
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(a) Vector arrow representation
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(b) Field components
Fig.6 Reproduced magnetic field distributions.
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Fig.7 Bowl shape coil for magnetic field concentration.
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Fig.8 Desired magnetic field distribution.
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Fig.9 Evaluated current distribution concentrating
magnetic field.
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Fig.10 Reproduced magnetic field from the current
distribution in Fig.9.
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