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1. Introduction

• Power systems are undergoing a transition from traditional synchronous generators to inverter-based resources.

• Grid-forming inverters (GFMIs) are a promising solution for providing synthetic inertia, black-start capability, islanded operation, and reliable performance under weak-grid conditions.

• However, unlike synchronous generators, which can supply fault currents up to 3–5 per-unit (pu), GFMIs are typically limited to 1.2–1.5 pu.

• Therefore, a current limiter is a necessary control component in GFMIs and has a significant impact on their transient stability.

• This poster proposes a framework for estimating the transient stability margin of GFMIs under the influence of current limiters.

• Equal Area Criteria and Lyapunov’s Direct Method are developed for application to GFMIs equipped with current limiters.

• The estimation error of the proposed methods is less than 20 %, as benchmarked against Experimental results.

2. Transient Stability Assessment Framework

Figure 1: Dual-cascaded control scheme and equivalent circuits for a GFMI equipped with a current limiter.

Figure 2: Flowchart and reduced-order model for transient stability analysis of GFMIs.

Figure 3: Equal area criterion and Lyapunov’s direct method for estimating the transient stability margin.

3. Experimental Setup

• Regatron AC.TCS Power Supply acts as a grid voltage emulator.

• Imperix Inverter (1.5 kVA, 110 V, 10 kHz) functions as a GFMI.

• iTECH-500-40 DC Supply provides a constant DC voltage for the inverter.

• Other physical components are impedance, sensors, and monitoring.

Figure 4: Experimental Setup.

4. Estimation of Transient Stability Margin

Estimated Critical Clearing Angle (SCR = 6.3):

Figure 5: Estimated stability margin (SCR = 6.3).

• Estimated critical clearing angle: 0.62 rad.

• Experimental critical clearing angle: 0.71 rad.

• Estimation error: 13%.

• The angle trajectory for a fault lasting 560 ms

exceeds the unstable equilibrium point, thereby

causing loss of synchronization.

Experimental Response (SCR = 6.3):

Figure 6: Experimental response (SCR = 6.3).

• Even after the fault is cleared, the post-fault sys-

tem may remain in the current-limited mode.

• For a strong grid with a low damping factor,

the GFMI exhibits significant oscillations and fre-

quently transitions between current-limited and

current-unlimited modes.

• However, if the fault lasts only 550 ms, the oscil-

lation is damped, and the GFMI recovers to its

desired stable equilibrium point shortly after the

fault is cleared.

Estimated Critical Clearing Angle (SCR = 2.5):

Figure 7: Estimated stability margin (SCR = 2.5).

• Estimated critical clearing angle: 0.80 rad.

• Experimental critical clearing time: 0.93 rad.

• Estimation error: 14%.

• During faults, the GFMI absorbs energy. If the

angle ω exceeds 0.93 rad, the absorbed energy can-

not be fully dissipated in the post-fault period, re-

sulting in an increase in ω and leading to transient

instability.

Experimental Respons (SCR = 2.5):

Figure 8: Experimental response (SCR = 2.5).

• A weaker grid provides a higher transient stability

margin.

• The GFMI still transitions between current-

limited and current-unlimited modes in the post-

fault period.

• Under weaker grid conditions, the GFMI ex-

hibits smaller swings, and post-fault oscillations

are quickly damped.

Critical Clearing Time under Di!erent Current Limiter Types:
SCR q-CPL d-CPL

no/with rst no rst with rst

8.39 (V f
g = 0.35 pu) → 55 65 582

6.29 (V f
g = 0.35 pu) → 81 80 550

5.04 (V f
g = 0.15 pu) → 172 108 418

2.52 (V f
g = 0.15 pu) → 258 172 602

1.68 (V f
g = 0.15 pu) → 384 265 602

• d-PCL without rst generally provides a lower tran-

sient stability margin.

• d-PCL with rst provides a higher stability margin

compared to q-PCL.

5. Conclusions

1. A transient stability assessment framework for GFMIs equipped with current limiters is presented.

2. Equal-area criteria and Lyapunov’s direct method can be applied to GFMIs with current limiters, with
careful consideration of the current-limited mode.

3. Equal-area criteria is used to estimate the stability margin, showing an estimation error of 15–20%.

4. Future work includes extending the framework to large-scale inverter-dominated systems and develop-
ing black-box models for transient stability analysis.
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