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VSM GFM Model

consartium

" Avirtual synchronous machine (VSM) grid-forming
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 ride-through
control blocks came from a GE patent ['
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VSM GFM Model

" The VSM GFM model specification includes the VarpFlag 1 E .

VSM/inertial control block and the voltage control block  Qinv— % /—  Evsm

. . . I giny —> id +

" APLL is used to obtain the angle of the terminal voltage, ™ 0 + B

and the VSM/inertial block controls the angle difference Emax

8,7 (wFlagb=0) -

) . > k|v/S

" Theuse of PLL in the VSM GFM is different from its use g ™ e e detmined by soumions (Y and @), —

in GFLs Emin
" The PLL can be considered as not existed during normal Voltage control block

operation
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Steady State Current Limiting of VSM GFM

" The VSM GFM model specification includes the steady state

° ° ° Py s XL Vtéét xLine Vgéag
active and reactive current limiting controls
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The active current /, can be limited by regulating the saturation Sir Grid
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Steady State Current Limiting of VSM GFM

XL Vtéét xLine Vgéég

5PLL .
5 Grid
IT

" Thereactive current /, can be limited by regulating the
saturation limits E, ., and E,_ ., of the voltage control block

" The steady state current limiting control adopts a P-priority E£0e Je=0r+dpLL

approach P
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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_AT1
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Testing in a Single-GFM Infinite-Bus System

« Both PSS/E and PSCAD models were developed based on the VSM GFM model
specification
 All parameters were set the same in the PSS/E and PSCAD models

« The PSCAD model i1s an IGBT-based detailed model that includes additional PWM
control, and the transient current limiting is implemented at the PWM control layer

« The transient current limiting in PSS/E is implemented algebraically
« 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)

® 18 variables were compared and achieved a good level of alignment
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5% Voltage Drop

" When the grid voltage drops, the VSM GFM increases the reactive power Q
" The steady state Q follows the Q-V droop
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5% Voltage Drop (PSS/E and PSCAD comparison)

® 18 variables were compared and achieved a good level of alignment
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Frequency Drop (59.5 Hz) 5 Vi N Vol
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The VSM GFM responds to the frequency change by increasing P autonomously Sir i
®  The frequency drop results in the overload of VSM GFM EééE@ Se=01+JpLL
" I, was limited by limiting the angle &,; 1 p-EVigins
= L
: Graphs : Graphs
1.20 = Ppul = DITmax1 = DITmin1 = DeftalT1
A 0.150
f \\ 0.145
A 0.140 \
0.75 1= \ 5max
® Qpul 0.130 \ —_—
-0.04 0.125 I k
D00 0.120 dmax 4 _L > O\ Tmax
-0.10 -
012 0.115 ‘ S
ot : S TR - P L.—» Ot
.18 1.10 Iy was limited by limiting 0
Looe 0 f hase angle &
1000 — oo \ phas 9 IT
oo \\‘ // 0.95 \\ ‘// Active current |4 limiting
0.992 14 0.90 \
o
. -] =f pLL 0.80
60.00 0.75
26:80 sec 26 28 3.0 32 34 36 38 40 42 44 46
59.70 {
e
59.40 AV
59.30

sec 275 3.00 325 350 3.5 4.00 425 450 475 5.0




Frequency Drop (PSS/E and PSCAD comparison)

® 18 variables were compared and achieved a good level of alignment
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® The transient current limiting clips the current at /1.5 pu E o Se=Si+om
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0.1 s fault (PSS/E and PSCAD comparison)

® 18 variables were compared and achieved a good level of alignment
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1s fault

® The transient current limiting clips the current at /_.~= 1.5 pu
® The steady-state current limiting later limits the current at /

max

=1 pu by reducing E and clamping phase angle

® Initial overcurrent post fault because of reduced E
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1 s fault (PSS/E and PSCAD comparison)

® 18 variables were compared and achieved a good level of alignment
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ERCOT LVRT Test [l

® 18 variables were compared and achieved a good level of alignment
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https://sites.google.com/view/dmview/home

Conclusions

* AVSM GFM model specification has been developed through the collaboration
between PNNL, EPRI, and GE

* The VSM GFM model includes the VSM/inertial control block, Q-V droop control block,

transient current limiting function, and steady state active and reactive current limiting
control blocks

* User-defined PSS/E and PSCAD models were developed and tested under various

disturbances in a single-GFM infinite-bus system, and the PSS/E and PSCAD results
match well
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50% Voltage Drop
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0% Voltage Drop
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