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Resonance sensitivity analysis of DC-fed AC systems based on
s-domain nodal admittance matrix
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Abstract: Due to the presence of converter equipment in DC-fed AC systems, the modeling process for resonance
analysis becomes more complex, making it challenging to simultaneously account for both the overall system behavior
and the diversity of individual node component models. To address this, this paper proposes a method for analyzing
system oscillation risk based on the s-domain nodal admittance matrix. First, from the nodal admittance matrix of the
system’s power frequency equivalent circuit, a method is introduced to derive the system’s s-domain nodal admittance
matrix after component equivalence simplification, and the system resonance modes are solved accordingly. Then, a
sensitivity model is developed to assess the oscillation risk of AC component parameters under system resonance
conditions. After simplifying the DC system, it is integrated into the AC system, and the sensitivity relationships among
component parameters, network structure, and resonance modes within oscillatory frequency ranges are analyzed. Finally,
an AC system model with DC feed-in is built on the PSCAD/EMTDC platform to verify the accuracy and effectiveness of
the proposed component parameter sensitivity analysis method.
This work is supported by the National Natural Science Foundation of China (No. 51977135).
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Fig. 6 Node 4 parallel capacitance simulation waveform
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Table 6 Relative change multiple of harmonic voltage

distortion rate of each bus node

il 4 5 6 7 8 9
4 4.54 1.74 3.83 0.65 0.89 2.02
5 1.56 0.48 0.88 0.66 1.55 0.92
6 0.42 1.08 0.52 1.62 1.59 1.11
7 3.33 2.82 337 1.47 2.35 3.30
8 0.52 0.27 1.02 0.09 0.47 1.52
9 3.13 1.70 425 0.83 1.51 472
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Table 7 Relative influence degree of each bus node
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Table 8 Resonance mode change of the system for N — 1

condition (broken lines 4—6)

FEIA /s R /Hz
b 28 iy Wik 5 Wi 28l W2k 5
0.0025 0.0021 59.91 59.92
1.6922 0.5371 61.35 60.48
1.7095 1.7255 62.06 62.05
22.2526 22.2598 692.23 692.25
27.4550 27.4548 518.29 518.30
37.7850 43.2506 483.59 344.04
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Fig. 12 Fourier analysis of node 7 voltage for three states
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