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Fig.1 Grid-forming energy storage converter control
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Fig.2 Power angle curve of grid-forming energy storage
converter
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Fig.3 Power angle curves at different levels of voltage dips
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Fig.4 Adding current limiting and amplitude limiting link
control structure diagram
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Fig.5 Power angle curve with added limiting link
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Fig.6 Power angle curves of the system with added

current limiter for different disturbances
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Tab.1 Typical data for active adaptive reference values

k Vel V Adrad ViV PKW
0.8 245 0.1 311 22.99
0.6 185 0.2 270 17.95
0.4 125 0.3 180 14.07
0.2 60 0.4 125 11.99
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Tab.2 Typical data for reactive power adaptive

reference values

k Vol V Vi V O’ /kvar
0.2 60 125 10.36
0.4 125 180 13.35
0.6 185 270 24.46
0.8 245 311 30.97
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Tab.3 Main parameters of the simulation model
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T T T Rk, 650
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Abstract With a high proportion of power electronic devices connected to the power system, the new power
system presents low inertia, low impedance, weak stability and other characteristics, and the risk of operational
security increases. In this regard, the grid-forming energy storage converter should be emerged, the grid-forming
energy storage converter gives inner loop voltage control the amplitude and phase angle through the power external
loop control, presenting the voltage source characteristics. It has active anti-interference, active support
characteristics, can effectively solve the problems faced by the new power systems. However, when the system is
disturbed and the voltage falls to different degrees, the grid-forming energy storage is limited by the power angle
curve of the power outer loop and the fixed active and reactive reference values, which will result in a large power
angle instability and a disturbance current of more than 5 times. It threats the security and stability of the system
operation. To address this problem, this paper firstly establishes a model of grid-forming energy storage converter.
Based on the established model, the droop control power angle curve is plotted, and the transient destabilization
mechanism of the grid-forming energy storage converter is analyzed under large disturbances. After analyzing the
system, it is known that the stability of the system during large disturbances depends on the existence of an
intersection between the system power angle curve and the active power reference value. At the same time, the
size of the system disturbance current is affected by the degree of power angle change to a certain extent. Secondly,
the disturbance current characteristics and its determining factors are analyzed, and the effect of direct current
limiting control on the transient stability of the system is revealed. The analysis results show that the direct current
limiting control tends to destabilize the system and cannot be directly used to limit the disturbance current. After
theoretical analysis in this paper, it is found that the disturbance current size of the system is positively correlated
with the difference between the converter out put voltage and the grid-side voltage, and the converter out put
voltage size is correlated with the reference value of the power outer loop reactive power of the structural network
type control. Therefore, during the disturbance period, the disturbance current can be limited by adjusting the
system reactive power and then controlling the converter out put voltage. Based on the above theoretical analysis,

an adaptive low-voltage ride-through (LVRT) control strategy for grid-forming energy storage converter is
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proposed, which can adjust the active and reactive reference values according to the degree of system perturbation,
without switching the control strategy and changing the structure of the grid-forming control strategy. The energy
storage converter still exhibits the characteristics of the voltage source during the distribution period, and it has
the ability of active support for the system. It realizes effective limitation of the distribution current in the course
of maintaining the stability of the system. At the same time, the disturbance current is effectively limited. Finally,
the effectiveness of the proposed control strategy is verified by simulation and semi-physical experiment.

Keywords: New power system, energy storage converter, grid-forming control, low-voltage ride-through

(RE FFmMF)

(L#% 2723 1)

First, a decomposition method for the GFM impedance model based on the matrix inversion lemma was
proposed, dividing GFM dynamics into synchronous dynamics (SD), dominated by the power frequency
synchronization loop (PFL), and electromagnetic dynamics (ED), governed by the voltage control loop (VCL).
The detailed categorization of dynamics facilitates an in-depth exploration of the complex coupling mechanisms
among controllers operating on different time scales. Subsequently, overall impedance participation factors and
participation ratios (PR) were introduced to characterize different internal dynamics of GFM, enabling the
evaluation of SD and ED contributions at the control loop level. These metrics help identify the dominant system
dynamics and trace the root causes of system instability. Finally, an explicit parameter PF was introduced to
precisely locate the critical control parameters of identified loops, serving as a metric for optimizing control
parameters and enhancing system damping.

The analysis yields the following conclusion: as the frequency of oscillation modes decreases, the dominant
dynamics within each GFM gradually shift from ED to SD. MAI can provide an overall assessment of GFM
participation but fails to capture the dominant dynamics of individual GFMs. EMAI not only identifies interactions
between various GFMs and the grid but also evaluates the contributions of ED and SD within GFM through overall
impedance participation factors, thereby pinpointing the primary causes affecting system dynamics to specific
control loops. Moreover, the results of EMAI and MASS in assessing the participation levels of different GFM
dynamics are highly consistent, validating the effectiveness of the EMAI method. Furthermore, the explicit
parameter PF provides effective recommendations for improving system damping and enhancing stability. EMAI
offers nuanced insights into system stability analysis, enabling the rapid identification of the root causes of system
instability.

Keywords: Grid-forming inverter (GFM), extended impedance modal analysis, impedance decomposition,

participation factor
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