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Abstract: To improve the stability of new energy grid-connected systems, the oscillation mechanism due
to variations in key parameters is investigated and a parameter optimization configuration scheme is
proposed. Firstly, a state-space model of a typical new energy generation grid-connected system
participating in primary frequency modulation is established, and dominant oscillation modes in
the grid-connected systems are identified based on eigenvalue analysis. Subsequently, the motion
trajectories of eigenvalues of the Jacobian matrix with changes in system parameters are analyzed
to reveal the intrinsic mechanism of system oscillations. Sensitivity indicators and tightly related
factors are used for quantitative analysis of the impact of parameter variations on system dynamic
stability and frequency modulation, identifying the key parameters affecting system stability. Finally, a

parameter optimization configuration scheme for new energy primary frequency response based on
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the deep Q-network (DQN) algorithm is proposed, and simulation verification is conducted using

actual data from the Northwest Branch of State Grid Corporation of China. The simulation results

indicate that when the active droop coefficient increases to 0. 005 7, a pair of complex conjugate roots

simultaneously cross the imaginary axis, leading to a Hopf bifurcation and loss of stability in the system,

resulting in the emergence of slow-scale oscillations. The proposed parameter optimization method not

only enhances the grid’s frequency modulation capability but also ensures grid stability.

Keywords: new energy grid-connected system; dynamic stability; tightly related factor analysis;

bifurcation; parameter optimization
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Fig. 1 Power stage and control diagram of a single-machine grid-connected renewable energy generation system participating in

primary frequency regulation
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Table 1 Oscillation modes of the grid-connected system
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Table Bl Simulation parameters of the single-machine grid-connected renewable energy generation system

participating in primary frequency regulation
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