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Abstract: To meet the demand for fast and accurate eddy-current loss assessment in laminated cores for energy-
efficient transformer design, this paper proposes a fast and high-accuracy multiscale computational method based on
eigenfunction-informed prior knowledge. The method addresses the high computational cost of refined modeling in
the conventional finite element method (FEM), as well as the relatively large errors in local eddy-current field and loss
calculations caused by the lack of physical relevance in the enrichment functions used in existing multiscale finite
element methods (MSFEMs). First, according to the hyperbolic-cosine distribution characteristic satisfied by the
magnetic vector potential in the laminated region, an eigenfunction capable of representing the field variation inside
the laminations is extracted and introduced into the MSFEM framework as prior information. Then, by combining the
level-set function with the partition of unity method, an enrichment function is constructed to characterize the nonlinear
field variation near material interfaces and edge skin-effect regions, enabling a low-degree-of-freedom solution of the
local eddy-current field in the laminated core. On this basis, the local eddy-current loss density and the eddy-current
loss per unit length are calculated from the eddy-current density distribution. Finally, the proposed method is validated
using a two-dimensional coil-lamination model that represents the local electromagnetic behavior of a transformer
laminated core. The results show that, using the fine-mesh FEM result as the reference, the proposed method reduces
the number of mesh nodes and degrees of freedom by 97.99% and 97.41%, respectively, while reducing the
computational time from 628 s to 51 s, corresponding to a reduction of 91.88%. Compared with the original MSFEM
under the same coarse-mesh condition, the proposed method reduces the average relative error of the magnetic vector
potential by 98.80% and the relative error of the eddy-current loss per unit length by 96.77%. These results demonstrate
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that the proposed method reduces the computational scale and time while improving the accuracy of local field

calculation and eddy-current loss assessment under an extremely low mesh density, providing an efficient

computational tool for eddy-current loss assessment and refined electromagnetic analysis of transformer laminated

cores.
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