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Adaptive inertia damping control strategy for virtual synchronous generators considering
continuous output fluctuations
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Abstract: When renewable energy sources using virtual synchronous generator (VSG) technology experience output
fluctuations, adaptive inertia damping control can suppress the additional oscillations in output power and frequency
caused by the inherent dynamic response of the VSG. However, existing VSG adaptive control strategies based on radial
basis function (RBF) lack control flexibility and involve complex parameter configuration, making them ineffective at
restraining output power and frequency oscillations under continuous output fluctuations. To address this issue, a VSG
adaptive inertia damping control strategy is proposed, in which particle swarm optimization (PSO) is used to optimize the
RBF neural network. First, a small-signal model of the VSG is established, the range of values for virtual inertia and
virtual damping are determined, and the steady-state inertia is set. Then, an RBF neural network is utilized to fit the
relationship between the VSG’s angular frequency and its virtual inertia and damping, and a J-inertia factor is introduced
to expand the control dimension of the RBF neural network. Furthermore, an improved PSO algorithm is applied to
optimize the hyperparameters of the RBF neural network, enhancing its fitting and generalization capability so that it can
perform adaptive inertia damping regulation under complex power and frequency fluctuations. Finally, a VSG
grid-connected model is established, and the feasibility and superiority of the proposed control strategy are verified under
three operating conditions: sudden output change, continuous output fluctuations and different grid conditions.
This work is supported by the National Natural Science Foundation of China (No. 62173418 and No. 52377186).
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Fig. 1 VSG main circuit and control loop structure based on

improved PSO optimized RBF neural network
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Table 2 Performance indicators of different algorithms

2H 5 Suae/Hz A Mz frocorma/(HZ/S) AP KW /s
fixed-J 0.024 0.132 7.436 3.06 0.18
RBF 0.019 0.110 6.295 1.89 0.11
IPSO-RBF  0.014 0.107 4.195 0.22 0.07
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Table 3 Frequency performance indicators of
different algorithms
2193 Jfuae/Hz Afax /Hz Srocormax/(H2z/8)
fixed-J 0.053 0.153 8.521
RBF 0.038 0.138 16.480
IPSO-RBF 0.031 0.105 6.305
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Table 4 Performance indicators at Ky, =3

Al S0z A HZ frocorme/(H2/S) AP /KW /s
fixed-J 0.024 0.160 8.305 003  0.15
RBF 0.024 0.141 11.128 0.01 0.18
IPSO-RBF 0.024 0.134 6.185 0.01 0.20
R5 Ky =35 B MEREIRTR
Table 5 Performance indicators at K., =35

Hil SuaeHz Mo HZ frocorm/HZ/S) AP KW 1/
fixed-J 0.038 0.142 10.110 9.25 0.65
RBF 0.045 0.106 6.722 9.48 1.02
IPSO-RBF 0.011 0.081 4.260 2.21 0.22
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