for grid-forming inverters Energy consortium

Virtual Synchronous Machine Grid-Forming Inverter Model
(REGFM B1)

Wei Du, PNNL
Deepak Ramasubramanian, EPRI

Wednesday, September 27, 2023



VSM GFM Model

consartium

A virtual synchronous machine (VSM) grieforming
inverter (GFM) model specification has been

developed through the collaboration between PNNL, Virtual Synchronous Machine Grid-Forming
EPRI, and GE Inverter Model Specification (REGFM_B1)

The steady state current limiting and fault ridethrough
control blocks came from a GE patentt!]
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VSM GFM Model

The VSM GFM model specification includes the VaFlag 1 E
VSM/inertial control block and the voltage control block  Qw—s T — Evsm
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Steady State Current Limiting of VSM GFM

The VSM GFM model specification includes the steady state
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Steady State Current Limiting of VSM GFM

The reactive currentl, can be limited by regulating the
saturation limits E ., and E_,;, of the voltage control block

The steady state current limiting control adopts aP-priority SV
approach
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Eflag=1: E,.xandEy,, are determined by users.
Eflag=0: EoxandE, are determined by equations (7) and (8).
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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_Al
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Testing in a Single  -GFM Infinite -Bus System

A Both PSS/E and PSCAD models were developed based on the VSM GFM model
specification

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

A The 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

A The transient current limiting in PSS/E is implemented algebraically
A 18 variables were compared




Islanding

After disconnecting from the grid, the two GFMs can
maintain the stable operation of the grid
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Islanding (PSS/E and PSCAD comparison)

A 18 variables were compared and achieved a good level of alignment

051 0.06f
= Z0.041
2 N
~045¢ = L
~ PSCAD 5002 PSCAD
— — —PSSE ot — — —PSSE
4 45 25 3 35 4 45 5
t(s)
2r
21015t
PSCAD =
— — —PSSE m PSCAD
1.01+ — — —PSSE
4 45 25 3 35 4 45 5
t(s)
0.87r
£} PSCAD = 4
oy o
= — — —PSSE =
wx 113 20865
g g PSCAD
g
m m — — —PSSE
1.12 - : 0.86 : : ‘ : :
4 4.5 2.5 3 3.5 4 4.5 5
t(s)
60
_ X 60
N 59.98
T T
— 3599t
E 39.96 PSCAD a PSCAD
59.94 o 598 . : ——
2 25 35 4 45 25 3 3.5 4 45 5
t(s) t(s)
0.5+ 02r
=)
~ < 0 .
5’0 45 =
= PSCAD m -02r PSCAD
— — —PSSE “ 04l — — —PSSE
0.4 L L L f f L L L | f ~.
2 25 3.5 4 45 25 3 3.5 4 45 5
t(s) t(s)




