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VSM GFM Model

A virtual synchronous machine (VSM) grid-forming 
inverter (GFM) model specification has been 
developed through the collaboration between PNNL, 
EPRI, and GE

The steady state current limiting and fault ride-through 
control blocks came from a GE patent [1]

SGRE also provided inputs to the model specification

User-defined PSS/E and PSCAD models were 
developed at PNNL based on the model specification, 
and simulation results were compared
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[1] Larsen EV, Delmerico RW, inventors; General Electric Co, assignee. Battery energy storage power conditioning 

system. United States patent US 5,798,633. 1998 Aug 25.



VSM GFM Model
The VSM GFM model specification includes the 
VSM/inertial control block and the voltage control block

A PLL is used to obtain the angle of the terminal voltage, 
and the VSM/inertial block controls the angle difference 
ʉIT (ʟFlagb=0)

The use of PLL in the VSM GFM is different from its use 
in GFLs

The PLL can be considered as not existed during normal 
operation
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Eflag=1: Emax and Emin are determined by users.

Eflag=0: Emax and Emin are determined by equations (7) and (8).
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Steady State Current Limiting of VSM GFM
The VSM GFM model specification includes the steady state 
active and reactive current limiting controls

The active current Id can be limited by regulating the saturation 
limits of ʉIT of the VSM/inertial control block
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Eflag=1: Emax and Emin are determined by users.

Eflag=0: Emax and Emin are determined by equations (7) and (8).

Steady State Current Limiting of VSM GFM

The reactive current Iq can be limited by regulating the 
saturation limits Emax and Emin of the voltage control block

The steady state current limiting control adopts a P-priority 
approach
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Transient Current Limiting of VSM GFM

A transient current limiting function is used to limit the output current algebraically at 
the beginning of a fault, which is the same as used by REGFM_A1
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Testing in a Single -GFM Infinite -Bus System
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ÅBoth PSS/E and PSCAD models were developed based on the VSM GFM model 

specification

ÅAll parameters were set the same in the PSS/E and PSCAD models

ÅThe PSCAD model is an IGBT-based detailed model that includes additional PWM 

control, and the transient current limiting is implemented at the PWM control layer

ÅThe transient current limiting in PSS/E is implemented algebraically 

Å18 variables were compared
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Islanding
After disconnecting from the grid, the two GFMs can 
maintain the stable operation of the grid
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Source: NERC GFM report
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Islanding (PSS/E and PSCAD comparison) 
Å18 variables were compared and achieved a good level of alignment


