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Third-order Dynamics Modelling and Transient Synchronous Stability Analysis of
Grid-forming Converters
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Abstract: The grid-forming converter which employs virtual synchronous control exhibits dynamic coupling between
active and reactive power. Since the energy function considering only the dynamics of the active power loop cannot accu-
rately characterize the frequency-voltage coupling characteristics of the converter under large disturbances, we propose an
energy function modeling method for grid-forming converters based on a spring-loaded pendulum dynamical model to
precisely analyze its transient synchronization stability. Firstly, a third-order nonlinear model of the grid-forming convert-
er considering the dynamic coupling of active/reactive power and a third-order dynamic model of the spring-pendulum
considering the spring-direction/perpendicular-spring-direction motions were established, then the energy function of the
converter through the mapping relationship between the convert and spring-pendulum was obtained. On this basis, the op-
timal design method of the converter parameters was given from the perspective of spring-pendulum stability
enhancement, and the range of attraction domain of the converter and the corresponding transient stability margin were
estimated by the Lyapunov direct method. Compared with the traditional energy function model, the proposed energy
function model can effectively reflect the voltage dynamics under large disturbances. Finally, the effectiveness of the
proposed theoretical analysis and parameter optimization design method was verified by simulation and experiments.
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control structure
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Table A1 Numerical simulation parameters of spring pendulum

s RGBH ZHUME
M 1E5E JJHE/(N-m) 8
m INER S R /kg 1
AR E R BU/(N-m™) 40
g I INEE/(mes72) 9.8
lo PSR FK/m 1
Dy FI5E 5 1 L JE AR L 2
Dyq I T7 B JE RE 100
F A2 WM RS R B S
Table A2 Main simulation parameters of grid type inverter
55 REBH ZHUE
Ug AH S M L/ V 311
Ly FEL ¥ B HT/mH 10
o o I 2 A (rad s 1) 314
J REAB A 100
Dp [EIEER 500
Lt JEE FLE/mH 3
Use HIRHEV 2000
Eo BUE R LR/ V 311
Py ARG LE/AW 16
Qo T ThDh et 4 [t kvar 0
K HLE R R 3 100

Cr PGB LA/ pF 100
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Fig.B1 Simulation verification of parameter optimization
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Fig.B2 Experimental simulation verification of parameter optimization
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