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Application of hierarchical matrices to large-scale
electromagnetic field analyses of coils wound with

coated conductors
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Electromagnetic field analyses of three-dimensional-shape coils wound with coated conductors are necessary
for understanding their electromagnetic phenomena, calculating their ac losses, and evaluating their field uni-
formity and stability. We have been developing a series of models for the numerical electromagnetic field
analyses using current vector potentials. In these models, because the coefficient matrix of the linear system
derived from the integral equation is dense, the analysis of a large-scale coil requires large amount of mem-
ory and long computation time. In this research, we introduce hierarchical matrices (H-matrices) by using
the HACApK library in order to reduce both the memory consumption and the computation time: the dense
coefficient matrix is decomposed into submatrices, to which low-rank approximation is applied. Memory con-
sumption of the “H-matrix”, which is composed of these approximated submatrices, can be smaller than that
of the original matrix. In a pancake coil, for example, a thin coated conductor wound with a small separation
should be modelled with layered meshes, and each mesh is often elongated along the conductor. Its elongated
edges are much longer than the separation between the layered meshes. In this case, it was found that the
conventional low-rank approximation does not work well for the submatrices near the diagonal component
of the original matrix. We modify the H-matrix-generation algorithm of the HACApK to improve the appli-
cability to the coils wound with coated conductors. The effect of the method with respect to the memory
consumption is examined in numerical tests using various shapes of coated conductors such as straight ones,
pancake coils, solenoid coils, and racetrack coils. Furthermore, the effect of parallel computations is discussed
to accelerate the analyses.
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