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Abstract: The factors influencing the impedance in the high-frequency range of grid-forming modular multilevel con-
verters (MMC) are more complex than those of grid-following MMCs, making it difficult to analytically design an
impedance shaping method suitable for high-frequency oscillation suppression in wide band. Therefore, this paper con-
ducts a wide-frequency impedance modeling of the grid-forming MMC with virtual synchronous control strategy. It is
analyzed that the MMC impedance in the high-frequency range is mainly influenced by the parameters of the virtual ex-
citation link, voltage control link, and current control link. By studying the impact of eight active impedance shaping
methods on the negative damping in the high-frequency range of MMC impedance, two active impedance shaping meth-
ods are proposed, namely, voltage notch filtering and virtual admittance band-pass filtering. These methods can weaken
the negative damping effect near the center frequency band without introducing new negative damping. Further research
reveals that the feasible domain of the filter center frequency for suppressing oscillation phenomena reaches several hun-
dred hertz, with strong parameter robustness. Finally, time-domain simulations verify the effectiveness of the theoretical
analysis in this paper, aiming to provide a reference for high-frequency oscillation suppression in MMC under active
power grid support control strategies.
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Fig.12 Nyquist curves of stability analysis with virtual admit-

tance band-pass filtering at different center frequencies
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Fig.14 AC-side output current of MMC with voltage notch

filtering strategy
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Table B1 Electrical parameters of MMC
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Table B2  Control parameters of MMC
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Table B3 Parameters of AC grid equivalent impedance
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Fig.C1 Oscillation suppression performance of MMC with

feedforward notch filter strategy on operating condition 2 and

operating condition 3
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Fig.C2 Oscillation suppression performance of MMC with
excitation loop notch filter strategy on operating condition 2

and operating condition 3
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Fig.C3  Oscillation suppression performance of MMC with
voltage loop notch filter strategy on operating condition 2 and

operating condition 3



T B B3

BN #2|

ipcc/kA

IX]

I C4 SRAT LA LIS ISR (1) MMC X T8 2 AT 3
AR R ROR

Fig.C4 Oscillation suppression performance of MMC with

current loop notch filter strategy on operating condition 2 and

operating condition 3
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Fig.C5 Oscillation suppression performance of MMC with w4,
loop notch filter strategy on operating condition 2 and operating

condition 3
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Fig.C6 Oscillation suppression performance of MMC with iqq
loop notch filter strategy on operating condition 2 and operating

condition 3

2
§ 1
\8 0
Y -1
72 1 1 1
2.00 2.05 2.10 2.15 220
i 8]/s
C7 KA EMHPUSRE R MMC X T8 2 F1 T8 3 1R
SR RVES

Fig.C7 Oscillation suppression performance of MMC with
virtual impedance strategy on operating condition 2 and oper-

ating condition 3
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Fig.C8 Oscillation suppression performance of MMC with
virtual admittance strategy on operating condition 2 and

operating condition 3
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