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Grid-following inverter Grid-forming inverter

GFL 1 GFL 2 GFM 0 GFM 1 GFM 2

Control function
df/dt-P droop

f-P droop

df/dt-P droop

f-P droop

VSM

Q-V droop

P-f droop

Q-V droop

VSM

Q-V droop

Rated capacity (kVA) 20 49.9 12 20 50

Rated AC voltage (V) 200 200 420 200 440

# Test GFL 1 GFL 2 GFM 0 GFM 1 GFM 2

1 Test for over/under-voltage trip C* C N N N

2 Test for over/under-frequency trip C* C N N N

3 Unintentional islanding test C* C* - N C*

4
Test for voltage magnitude change 

within continuous operation region
C C N C C

5 Test for voltage phase angle change C C C N N

6 Test for low/high-voltage ride-through C* C* N N N

7 Test for low/high-frequency ride-through C C N N C

C: Conformance; N: Non-conformance; -: Not conducted
* Conformance can be expected by minor changes to device configuration, control logic, etc.

Performed tests with changes in voltage magnitude, frequency, and phase angle.

- GFL inverters: almost conformance in all tests.

- GFM Inverters: non-conformance in most tests, three issues were identified.

• Identified advantages and issues on GFL/GFM inverters with virtual inertia controls.

• Will evaluate other power system stabilities than frequency.

• Will develop protective functions for GFM inverters.

• Will review the inverter testing procedure and criteria.

PHIL test setup using modified IEEE 9-bus system model.

• As the inverter-based resource (IBR) ratio increases, frequency change 

increased for conventional IBR (w/o), decreased for GFL and GFM Inverters. 

• At IBR 80%, GFL inverters were unstable, but GFM Inverters were stable.

• GFL/GFM inverters with virtual inertia controls are expected to 

replace the inertial response of retiring synchronous generators.

• We studied KPIs and evaluation methods and tested GFL/GFM inverters 

from different manufacturers to verify performance and 

possible interference with existing protective functions.

Three issues on GFM inverters;

• Issue 1: Unwanted tripping by OCR due to changes in grid voltage.

• Issue 2: Active power swing after recovery from voltage sag.

• Issue 3: Coexistence of grid stabilization capability and islanding detection.
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