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Research on Resonant Interaction and Harmonic Transmission Mechanism in Multi-bus DC Systems
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Abstract: The characteristics of the DC side of the DC distribution network are multi bus cascades, multiple
converters, and strong coupling of the buses, which can easily cause harmonic resonance and threaten the safe
operation of system equipment. Aims at the problem of unclear resonance interaction and harmonic transmission
mechanism between DC busbars, firstly , a harmonic impedance model of a multi-bus DC system was constructed ,
in which the coupling effect of isolated and non-isolated interlinking converters has been taken into account. Based
on this model, the distribution and influence range of harmonic resonance in the multi-bus DC system were studied
from the perspectives of resonance excitability and observability. Then, based on the coupling transfer coefficient
model of the intermediate converter, the influence mechanism and law of the interlinking converter on the resonant
interaction between the two DC busbars were explored, and a method of optimizing the parameters of the
interlinking converter to suppress the resonant interaction between the busbars was proposed. Finally, a simulation
model of a multi-bus DC system was constructed to verify the correctness of the theoretical analysis and the
effectiveness of the proposed optimization approach for interlinking converter parameters.
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Fig.1  Typical DC distribution system structure
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Fig.2 Typical multi-bus DC system structure
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Tab.3  System resonance excitability and observability

R 115.5 Hz 277 Hz 456.8 Hz 698.5 Hz 853.8 Hz 988.9 Hz 1158.1 Hz 1346.4 Hz
AR e EEE RN
I 5936 5.936 5.028 5.028 0.829 3.953 13.417 13.417 0.001 0.002 12978 12978 0.001 0.006 0.157 0.770
2 6450 6450 9.214 9.214 3.490 16.643 7.098 7.098 0.006 0.021 2.711 2.711 0.0002 0.001 0.016 0.079
3 6.091 6.091 5947 5947 17271 34.670 39.286 39.286 0.007 0.026 27.656 27.656 0.087 0.425 1.628 7.984
4 8.670 8.670 6.132 6.132 0.210 1.003 1.272 1.272 0.0001 0.001 0.586 0.586 0.0001 0.0002 0.004 0.019
5  6.019 6.019 5569 5569 0.913 4351 20522 20.522 0.001 0.004 49.734 49.734 0.041 0.198 0.392 1.921
6 1126 0316 0.682 0.192 0.131 0.175 0.150 0.042 0.534 0.534 0.335 0.094 0.0001 0.000 1 0.0004 0.000 8
7 1151 0323 0.777 0.218 0.207 0.276 0.427 0.120 23.186 23.186 0.935 0.262 0.0001 0.000 1 0.000 1 0.000 5
8 1151 0.323 0.777 0218 0207 0276 0427 0.120 22913 22913 0.935 0.262 0.000 1 0.000 1 0.000 1 0.000 5
9 2.601 0.548 3.621 0.761 28.212 28.212 11.897 2.483 0.001 0.007 1.974 0.408 0.582 0.582 19.284 19.28 4
10 2.638 0.555 3.861 0.812 32.558 32.558 18.321 3.823 0.002 0.002 7.153 1.480 72.822 72.822 53.970 53.970
11 2.638 0.555 3.861 0.812 32.567 32.567 18.321 3.823 0.002 0.002 7.153 1.480 72.759 72.759 53.884 53.884
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