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Continuous Short-Circuit Ratio Simulation Based on
Coordinated Physical-Virtual Impedance for Grid-Forming
Energy Storage Testing in Weak Grids
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Abstract: To enable wide-range and continuous grid-strength emulation for grid-forming
energy-storage testing, a continuous short-circuit ratio method based on coordinated physical
and virtual impedance is proposed. The mechanisms and limitations of fixed physical
impedance, including discrete adjustment and switching transients, and pure virtual
impedance, including delay-induced negative damping, are analyzed. A 3-bit cascaded
physical-impedance network with binary weights of 1, 2, and 4 provides physical damping and
steady-state power-flow constraints. Continuous-control-set model predictive control is
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incorporated into the grid simulator to improve the dynamic tracking of virtual-impedance
commands. A coordinated calculation method decomposes the target impedance into an
integer physical level and a continuous virtual compensation component. Limiting, binary
decoding, and boundary handling enable continuous SCR adjustment from 8.0 to 1.0.
Electromagnetic-transient simulations are conducted under continuous SCR variation, an
SCR step, a frequency step, and a voltage sag, with fixed physical-impedance and pure
virtual-impedance methods used for comparison. The results show that the proposed method
reproduces continuous target-impedance variation, mitigates transient mismatch during
physical-level switching, and suppresses current overshoot and low-frequency power
oscillations under extremely weak grid conditions. The method combines physical damping
with continuous virtual adjustment and provides a controllable impedance environment for
transient performance evaluation of grid-forming energy storage under weak-grid conditions.

Keywords: Grid-forming energy storage; extremely weak grid; continuous short-circuit ratio

(SCR) emulation; virtual and physical impedance coordinated control; grid-
connected performance testing; model predictive control
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Fig.1 Waveforms illustrating the transient
mechanism of discrete switching in conventional
physical-impedance systems.
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closed-loop structure considering control delay.
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impedance.
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Fig. 4 Schematic diagram of the time-series
evolution of stepless smoothing through coordinated
physical-virtual impedance.
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