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Abstract

The rapid diagnosis of transformer winding deformation faults is crucial for ensuring the stable
operation of power systems. Frequency Response Analysis (FRA) provides an effective means for
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fault detection. Thus, establishing equivalent circuits and rapidly computing frequency responses
have become critical research priorities. In this paper, a frequency response computation method
rooted in the relaxation method is proposed for the equivalent circuit of high-order two-winding
transformers. First, an n-order dual-winding transformer lumped-parameter equivalent circuit
model is established, clarifying its topological structure and parameter distribution. Second, the
node voltage equations derived from the node voltage method are iteratively solved using the re-
laxation method, with optimized strategies for selecting the relaxation factor and initial values. Fi-
nally, a simulation model is constructed on the Multisim platform to compare the deviations be-
tween the proposed algorithm, Multisim simulations, and traditional methods. The results demon-
strate a maximum deviation of less than 0.25 dB in the frequency response curves, validating the
algorithm’s accuracy. Furthermore, to verify the algorithm’s applicability in complex networks, sim-
ulations are conducted on high-order equivalent circuits. The frequency response calculations re-
veal high consistency between the relaxation method and results from the sparse matrix method,
tearing algorithm, and node voltage method, confirming the method’s robustness in intricate sce-
narios.
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Figure 1. Conceptual flowchart of relaxation method
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Figure 2. Two-winding transformer lumped-parameter equivalent model
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Figure 3. Generalized branch establishment
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Figure 7. 50th-order frequency response curve case study
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Figure 8. 100th-order frequency response curve case study
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