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Magnetic Field Calculation of Toroidal Winding with Circular Section

o gl

Sangjin Lee'”

Abstract: A magnetic field calculation method for
toroidal type winding which has circular section was
developed. At first, the equation for magnetic field
by single filament coil was extended using
numerical integration to estimate the entire
interesting region of solenoid, especially winding
region itself. And then, the magnetic field by
toroidal arrangement of solenoids was computed
with a coordinate transformation of vector fields.
The superconducting magnet with toroidal
arrangement can be made up of several tens of
solenoid type double pancake windings for some
applications such as superconducting magnetic
energy storage system(SMES). In this system, the
field calculation on the high-Te superconducting(HTS)
tape itself is very important because the entire
system can be reached to a fault by magnetic stress
of conductor or the critical current of
superconducting tape can be dramatically reduced
under its self field condition. To make matters
worse, 3-dimensional analysis is indispensable for
this type of magnet and the most of commercial
programs with finite element method can be taken
too much time for analysis and design. In this
paper, a magnetic field calculation method for
toroidal type winding with circular section was
induced.

Key Words: coordinate transformation of vector
fields, magnetic field calculation, solencid, toroidal
winding.
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Fig. 1. Generalization of analysis model and input
parameters for solenoid.
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Fig. 2. Toroidal winding composed of several tens
of solenoids.
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Fig. 3. Toroidal coordinate system vs. solenoid
coordinate system.
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Fig. 4. Flow chart for obtaining the magnetic flux
densities at toroidal coordinate system through
solenoid coordinate system.
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(a) analysis model for the verification
of toroidI() function
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Fig. 5. Torcidal winding composed of 5 solenoids for
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Fig. 6. Results for the toroid composed of 24
superconducting pancake winding{V, =24, p, =200, /

=1004, N, =80 turn, @, =40nn, a, =60mm, b, =Imm, b, =5mm).
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