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Abstract: To address missing unstable eigenvalues in small signal stability analysis of power
systems, a multi-spectral transform method for calculating the unstable eigenvalues of large-scale
systems is proposed. Firstly, this method utilizes the proposed multi-spectral transform technique to map
all unstable eigenvalues into dominant eigenvalues. Subsequently, the Krylov-Schur method is employed
to ensure convergence and obtain all dominant eigenvalues. Finally, the inverse transformation al-
lows for the retrieval of the corresponding unstable eigenvalues. Furthermore, this method establishes
the intrinsic relationship between various transforms, including the exponential transform, shift-and-
invert transform, and Cayley transform. Compared with the shift-and-invert transform and
Cayley transform, the multi-spectral transform exhibits superior spectral performance akin to the
exponential transform, facilitating eigenvalue convergence. At the same time, it avoids calculat-
ing the multiplication of exponential matrix and vector caused by the exponential transform,
thereby having higher computational efficiency and accuracy. Experimental results obtained from
the Xingo6u and Xingo3012 system of the Brazilian interconnected power grid demonstrate the
effectiveness of this method. Notably, it ensures that unstable eigenvalues are not overlooked,

enhances calculation accuracy by about 3 orders of magnitude, and reduces the calculation time by
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more than 90% compared to the exponential transform method.

Keywords: small signal stability; Krylov-Schur method; spectral transform; large-scale systems
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Fig. 1 Schematic diagram of different spectral transforms
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