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Abstract: The grid-forming photovoltaic systems with traditional three-phase pulse width modulation (PWM)
inverters has problems such as large harmonics and low efficiency, and the main modeling research on grid-forming
virtual synchronous generator (VSG) control at present does not take into account the influences of inverter topology
and multilevel converter on the system stability. Since the T-type three-level has advantages including small harmonics
and low switching loss, a universal T-type three-level state space average model applied to grid-forming VSG is
proposed. An equivalent controlled source circuit is formed with a substitution of the controlled source by averaging the
switching devices in the circuit, and a complete state space equation is established for stability analysis. Finally,
simulations and experiments were carried out to verify the adaptability of the established equivalent controlled source

model and the actual circuit. Results show that the output characteristics of the VSG mathematical model based on the

controlled source are almost consistent with those of the actual model, and it has good stability.
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