RP

Al SET

Enhancing Large-Scale Power Systems Simulations through
Functional Mock-up Unit-based Grid-Forming Inverter Models

September 8-10, 2025, Lucerne, Switzerland

Luigi Vanfretti
Professor, ECSE Dept., RPI, Troy, NY, United States

Luigi.Vanfretti@gmail.com, https://alsetlab.github.io/

16t ’
modellca&'fmi
yS

Conference



https://alsetlab.github.io/

Outline

®* Motivation and Background
* Motivation
* Background — Grid Forming Converters (GFM)
®* GFM Library
* Overview
* Voltage Sources
* Active Power-Frequency Droop-based Control (P-f)
* Reactive Power-Voltage Control (Q-v)
* Testing
*  FMU Export
*  Modelica FMU Wrapper
* FMU Generation for ePHASORSIM
®* Data Exchange Between ePHASORSIM and FMUs
®* Example
®* Advantages of FMU-based Approach
®* Conclusions and Further Work

RPI

€iny i Ly Vo i, Ly Vi
PWM [:} —|
ool
~ -~
! c o T~

abe | 0,
dgq —

H
/
___‘/

|

|

|

[ e |

i s

I

|

|

P.Q
Calculation
&
Low Pass
Filter

Current € Voltage
Loop

Grid Forming Converter Schematic and Positive Sequence
Representation

2
9/9/2025



Introduction _ALSETiab—

® NYS Climate Goals: 70% renewable by 2030, decarbonize
grid by 2040 ,
e Challenges: Extensive simulations needed for renewable NEW YORK'S

impact assessment, high modeling and computational CLIMATE LEADERSHIP ana
efforts COMMUNITY PROTECTION ACT

e Solution: Develop FMI v1.0 Compliant Functional Mock-
. . _ . A —
up Unit (FMU) for Grid-Forming (GFM) Inverters 70%

® Benefits: Improved simulation, reduced manual

of the State’s electricity will be generated by renewable energy by 2030

modeling
® GFM Technology: Supports voltage, frequency, fault ride-
’ ’ /
through 100%
e Implementation: Studied impacts of 6,200+ MVA 20-omictons tbetricly by 2040

renewable on 5000-bus NYS grid using Modelica and
OPAL-RT's ePHASORSIM™

RPI :
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Grid Forming Converters — A very brief summary

_ALSETiab ™

Grid-ForMing converters (GFMs) are power °

electronic devices that attempt to act similarly
to a synchronous generator, creating their own
voltage and frequency to establish an AC grid.
How they differ: Unlike traditional grid-
following converters which are current sources
that need an existing grid to operate, GFCs are
voltage sources that can establish their own
terminal voltage = useful for “black-start”, i.e.,
restoration.

Why they're needed:

O  Solar and wind are interfaced with power
converters to the grid,

O  Adding to many converters leads to loss of "inertia"
and therefore the stability provided by large,
spinning synchronous generators.

O  The hypothesis is that GFCs may be able to support
stability and to enable a future grid with 100%
renewables.

Real-World Test of a BESS with GFM [A]:

1 — NOWGen_R_Netviie (V)

sec

— NO\Gen_R_NetPMep\Wp)

PBESS (kW)

= NO\Gen_R_NetQMeEN\KVArp)

Qgess (kVar)

NOUaHTB RE F (H)

faess (Hz)

sec

1163V (&)
‘Eur 83KV (R)
[3_BIKV A

gess (A)

giatalelE B Rrls s e N s S

Vaess (V)
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Figure 7: TEST 1 - BESS soft start-up energization
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GFM Library - Overview

® Component Models:
o 1: GFM Component
® Models with Wrapper:
o 2:Wraps 1to generate FMU
o 4:Wraps 2 in a “plant” interface to
simulated within a power system
® Models to test FMU:
o 3:FMU generated
o 5:Wraps 3ina “plant” interface to
simulate within a power system
® Test system models:
o 6: Tests the Modelica model.
o 7:Tests the Modelica model with
wrapper interface.

o 8:Tests the FMU within a Modelica grid

model.

x nypaAGILeComponents
~ lee) Components
S
» [es] VSIO
» lee| GFC_REGF_A1_Light
o, GFC_REGF_A1
I Modelica
¥s} GFC_REGF_A1
» = CntrlSchemeCompor

~ <> WrapperForFMU
» {--] GFC_REGF_A1

~ U GeneratedFMU
»» E.} GFC_REGF_A1_fmu
» /Al UnderConstruction

~ |es] UnitAssemblies
S
» les] VSIO
» les| GFC_REGF_A1_Light
o3 GFC_REGF_A1
£ PlantMO
%2 PlantWithFMU
[/l UnderConstruction
» 44 Interfaces
| Test
» VS
»[»] vsio
» || GFC_REGF_A1_Light
GFC_REGF_A1
» MO
») MO_w_plantinterface
» FMU_w_plantinterface
/\l UnderConstruction
» MU FMUs
» % Utilities

5
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Simple Voltage Source

_ALSETiab ™

RPI

A simple VS with an internal impedance of R, + jX,

connected to a bus:
V,dy VS

E,JE R. T X4 v Ede“a
@ EEWQ

The objective is to find the internal voltage E 44y of
the source from the active and reactive power (P
and Q) at the terminal bus.
The terminal voltage is denoted by V246, =V, + jV;
The R{E} and I{E} part of the internal voltage are:
SR{VE} = Ereal =V — [ Xqg + R,
S{E} = Eimag = Vi + IiRa + IT'Xd

Component is initialized as:

// Initialization of internal VS parameters

Er0 = vr0 + CoBxR_axir0 — CoBxX dxii0
value of F_real”;

EiQ = vi0 + CoB#R_a*ii0 + CoB=#X_d+ir0
value of E_imag";

E0 = sgrt(Er0%2+Ei0"2);

deltal = atan2(Ei0, Er0);

"Initial

"Initial

Parameters for VS

[5) nyparGiLeComponents.Components VS Modelica VoltageSource

General = Voltage Source parameters
Companent Icon
Name

Comment

V——
Model
Path nypaAGILeComponents.Components.VS.Modelica.VoltageSource

Comment Simple voltage source with internal impedance

Opal-RT PF and Other Params.

partType 1

IBUS 100 Located system bus

P_gen 40.0 Bus Active Power, MW
Q_gen 5.416582 Bus Reactive Power, MVAR
Vt_abs 1.0 Bus Voltage Magnitude, p.u.
Vt_ang 4.038907 Bus Voltage Angle, deg

SB 100 Machine Base Power, MVA
fn 60 Nominal frequency

M_ID "M1" Machine Identifier

6
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Voltage Source Component - Interfaces and Connectors

GENz OENCLS

® The VS model within a power system is shown in pink:
® The diagram layer of the VS model shows several interfaces
and connectors that couple it to input data and the physical
connection to the network:
Interfaces of type “Real” with pre-defined signal flow:

RealInput (input) RealOuput (output) The PwPin component is an “Acasual
Interface” with NO Pre-defined Direction

Connector _'
PwPin

E
mag
E Erand Ei D connector PwPin

Input the phasor > components ar

magnitude: E calculated here!
p2R

Edel Real vr "real part of the voltage";
2t Real vi "imaginary part of the voltage";

flow Real ir "real part of the current";

flow Real ii "imaginary part of the current";
Connector end PwPin;

P puwprin

£

* The connector defines 4 variables, 2
“potential” (vr and vi), and two flow (ir

R Text Layer assigns p2R.y_re and p2R.y_im to uvre and uvim, and ii) that need to be SOlved'
H which are the real and ilnagﬁary input : . . . .
Input the phaSOI’ > voltage deviations from the initial value Eimag o Th'S |mpl|es that there must be equat'ons
angle: 6 Nt > inside VS that help in that solution.

RPI :

9/9/2025




Coupling PwPin Variables with the internal model equations _ALS ET[ab_

® The voltage and current variables of the PwPin component, named “p”, define the terminal voltage
variables.
® \We link the internal voltage source equations with those variables, which is done as:
Er = p.vr + R a*p.ir - X d*p.11;
Ei = p.vi + R a*p.11 + X d*p.1ir;
® These gives us 2 equations; however, we have 4 unknowns, the next two equations provide the
additional 2 equations needed to make the system “balanced”, which are the power injections:
P = p.vr*p.ir + p.vi*p.ii;
Q = p.vi*p.ir - p.vr*p.ii;
® This model can now be coupled with another component that uses the PwPin connector, and the
equations will be solved.
® However, we are interested in exporting the component as an FMU to work with other tools, so we
need to couple the external world to the internal model.

® ePhasorSim uses the FMI standard version 1, and in this version, only RealInput and RealOutput
interfaces are used to export the FMU.

RPI :
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Controllable Voltage Source _ALS ETlab -

® The controllable VS is developed based on the equations of the simple VS.
® It has two inputs uEmag and uEang to vary the voltage magnitude and angle of the VS.
® Theinput to the controllable VS voltage source can be provided from two sources:
o Casel: inject a voltage phasor to define the internal voltage of the source from an external
tool (e.g., a power system simulator like ePHASOSRSIM),
o Case 2: inject a signal that is a deviation from the initial value of EO anddelta0 for internal

teStlng' if Case 1 then "input from external tool" 1

E = uEmag; 2

delta = uEang; 3

Er = p2R.y_re "Real part of E"; 4

Ei = p2R.y_im "Imaginary part of E"; 5

else "deviation from initial wvalue" 6

E = E0 + uEmag; 7

delta = deltal; 8

Er = Er0 + p2R.y_re; 9

Ei = EiQ0 + p2R.y_im; 10

_ _ o The GFM inverter model has two inputs: uEmag and uEang.

The controllable VS is used as a basic building Input uEang controls the voltage angle = P-f control loop
block to build the GFM IBR model. Input uEmag controls the voltage magnitude = Q-V control loop.

m 9/9/ 2022




= Emag == Edelta*

Controllable Voltage Source Example 0
1.3 L s
Models are interfaced to the OpenlPSL SMIB for Bl I
testing within the Dymola environment. - o
- 10
1.0 . e S S -15
Time [s]

DEm SHUNT

For Emag, the ramp was activated at 4 s., changing the value from 1.01439 p.u.

e to 1.03439 p.u. within 1 s.
Fation=T1 GEND GEN..
—_—P —Q
60
DEang 40— - 60
» 204
duration=3 s =3 40 T
= :
50 0 =3
- 20
constantLoad =20
-40 T T T T T T T T T 0
0 5 10

Time [s]

For Eang, the ramp was activated at 6s changing the value from 0.149386 rad
to —0.243364 rad within 3 s.

RPI :
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Active Power-Frequency Droop-based Control (P-f)

® The P-f droop control adjusts the output
frequency of the inverter in response to changes
in active power output.

e The active power output of the inverter can be >

written as: £y £y
P~ X—Lsm(aE —8,) ~ X—L((SE -8,

Plim_in

power to change, thus changing the angular
frequency @ of the internal voltage to reduce the , = E
inverter power output, which is modeled as a

change in d. i

. . _~t++ Overload Limiters
® Limiter block prevents the active power output of - | 1

the inverter from exceeding its limits. %@”/H

RPI .
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delta_droop_unwra

o, ® o o 4‘>
Initializing & 4,40,

Angle
delta_droop

wrapy
togragr /‘ A

® During initialization we must define an initial
equation for the angle

® We also need to set the angle to be exactly equal to
that of the VS, and not be modified to the solver

® We want to avoid using £ ixed=true which can
create other issues

deltalval
SOI utio n : Parameters v
=deltal . k 1 1 Integrator gain
integrat | Use a reset on the |ntegrator use_reset ¥ = true, if reset port enabled
— 4 — . Set the Value to WhICh the Integrator IS to be reSEt use_set = true, if set port enabled and used as reinitialization value when reset
B Use that of the VS and not the one found through the
k=1 TP T . . . . g e el Initialization
initialization—> i.e., use the value assigned during the initial
_ t initType  it.InitialOutput - Type of initialization (1: no init, 2: steady state, 3,4: initial output)
= » equation
g = ]_ n ]_ t ]_ aj_ e quat ]_ on y_start delta0 Initial or guess value of output (= state)

delta0 = Edelta0 < delta0=tothe VS angle
® After initialization, the voltage source angle and the
P-f droop angle are the same.

.. EdeltaOval.y // P_f_droop_scheme_rev

0.28 _o- delta_droop // P_f_droop_scheme_rev

[ra ;
L Il L

0.24_|

00000 00004 00008 ~ 00012 ~ 00016  0.0020 12
Time [s] 9/9/2025




Reactive Power-Voltage Control (Q-V)

_ALSETiab ™

RPI

The reactive power-voltage (or the Q-V) droop-based
control adjusts the inverter reactive power output in
response to changes in the voltage at its terminals.

The reactive power output of the inverter can be written

as: E?—EVcos(6p—8,) E(E—V)

o XL Xz
When there is a change In the terminal voltage, the Q-V
droop manipulates the magnitude of the internal voltage
to adjust the reactive power output accordingly.
Output power limiter block prevents the reactive power
output from exceeding the converter’s limits
Two reactive power control modes that are set by
QVF1lag: plant controller strategy of adjusting either the
reactive power or voltage setpoint.

Qfilt

\/ref
sum_Vref_Qlim_DeltaQmgq
Qref mgGain L +
feedback
k=k

Qlim

'out_qv_droop
+ +

+1

gain_kpgmax_Qmax  add_Qmax_PI lim_Qmax_out
+1

T

emor_Qmax_Qfilt
A
k=Qmax k=kpgmax
Qmax_val
lim ax.

13
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Reactive Power-Voltage Control (Q-V) _A_LS ET[ab_

- [ea] GFC_REGF_A1_Light

. - 8 Modelica
® (Q-v control scheme has options for QVFLAG and VFLAG 55} GFC REGF AT Light
® Modelica implementation done with Boolean parameters, and these 5 GFC_REGF_A1_Light_Real FLAGS

~ "= CntrlSchemeComponents
values were propagated. I LowPaseFilter
® Dymola simulations were able to capture the change of parameters. Pffct*jrp
. qv_drp

® Introduced a “Constant” block and a Real-to-Boolean conversion block

{ I P_f droop_scheme_nolims

to minimize the number of changes. [J Qv_droop._scheme_nolims bo...

]:} Q v_droop_scheme_nolims_rea...

v =) nypaAGILeComponents.Components.GFC_REGF_A1_Light Modelica.CrtriSchemeComponents. Test.Q v_droop_Real_.. VSlO_fD r’_bas-\CDI‘OOp
L . run_tests_and_plot T E] Test
3 - £ ’ Description (®) LPFilt
f ) Runs the simulations and plots results »; Pfbasic
Inputs (»+ P_f_droop_scheme
modelname1 1.20 » [ Q_v_droop_Boolean_Flags
BNt o modelname2 115 | » [»] Component_w_Boolean_Flags
u;»—-; » s Q-vDp modelname3 ’ \ ) - E] QvfdroopreaLFlags
modelname4 110+ $ ’ Q1 _V1
tsim » Q1.V0
7 oK Info  Copy Cal 1.057= — Edroop //Q1_V1 > Qo_V1
st — Edroop // Q1_V0 » QO0_VO0
,.» = 1.00— — Edroop // Q0_V1 @f runitestsiandiplot
~— Edroop // Q0_V0
- - 0.95  —Edroop /Y

0 4 8 12 16

RPI :
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-les GFC_REGF_A1_Light

. - - [ Modelica
[ Tes #3 GFC_REGF_A1_Light
Test'ng ‘ : x;o #3 GFC_REGF_A1_Light...

» MO Original N\ - CntrlSchemeCompo...
» MO_w_plantinterface = I} LowPassFilter
» FMU_w_plantinterface 4 Fipf.drp
“ ” » MO_REV eav.d
® \We propagate the P-f droop block “up ® compare ni o8 e
> GFC_REGF_A1_VFLAGTIGFLAGT Improved & o Sl
. » MO I P_f droop_scheme...
tO th e h Ig h e r Ieve I S » MO_w_plantinterface {71 P_f droop_scheme...
» FMU_w_plantinterface T Q_v_droop_schem...
» MO_REV Function to
® To be able to compare, we have o & Ludroopaham,
. . -[%) GFC_REGF_A1_USER VFLAG_QVFLAG Compare Bt
d |ffe re nt Ve rS I O n S Of: : mg_w_plantimeﬁace Different + /\, UnderConstruction
» FMU_w_plantinterface_Q1V1 Implementations ' = WrapperForFMU
_ - » FMU_w_plantinterface_Q1V0 + AU G tedFMU
o P f D roo p / Q V Loop > FMU_xplant:nterface_QOW -

-[») GFC_REGF_A1_Light

» FMU_w_plantinterface_QOVO
» FMU_CoB_Config1

¥ GFC_REGF_A1_Light...

-[s8] GFC_REGF_A1_VFLAG...

- &) Modelica

#5 GFC_REGF_A1_VFLA...
¥ GFC_REGF_A1_VFLA...
-7 CntrlSchemeCompo...
4 Plimiter
{=lP_f droop_scheme
{21 P_f_droop_scheme...
124 Qlimiter
21 Q_v_droop_scheme

» MO_REV Repeated for
©) compare_init_plots

- (%) GFC_REGF_AT_All_Features Each Variant

o P-f/Q-V Control Scheme
o Converter . -
» MO _ e.g., this adds‘llmlters
e All variants tested for QVFLAG =1 and S but has flags fixed to
» FMU_w_plantinterface_Q1V1 QVFLAG=1 and
VFLAG =1 VFLAG=1

» FMU_w_plantinterface_QOVO
» FMU_CoB_Q0OV0

H > MO_REV =} Q_v_droop_schem...
e Model with all features tested for all PR BTt
- >/ InittalizationCases éVrapperZir:AhSU
i i i + AU Generate
combinations of QVFLAG and VFLAG coges iy e 55 GFC_REGF.A1.USER_.
- 2 Modelica
1 » MOREVqvflagvflag1 ) .
® SI m u Iates a nd p I Ots f) ComparelnitqvflagOvflago Model with user &} GFC_REGF_A1_USE...
» MOqvflagOvflago settable QVFLAG ¥ GFC_REGF_A1_USE...
- » MOREVqvflagOvflago and VFLAG * 7+ CntrlSchemeCompo...
f) ComparelnitqvflagOvflag1 ’ '.'_}NrapperForFMU
» MOqvflagOvflag1 'LW.GGFC_R»[EiT:ﬁ:J_USEM
U Generate!
: MOREVqVﬂ.agOVﬂam Model with all -[8) GFC_REGF A1
Comparelnitqvflag1vflag0 . ot :
» MOgvflag1vflago features (inc. & Modelica
» MOREVavflaa1vflaa0 current limiter) ksl GFC_REGF_A1_AILF...

B3 GFC_REGF_A1 _AILF...



GFM Parameters in Dymola

_ALSETiab ™

® Basic Parameters:

Parameters

partType i

IBUS 100 * Located system bus

P_gen 400 * Bus Active Power, MW

Q_gen 5.416582 Bus Reactive Power, MVAR

Vt_abs 1.0 * Bus Voltage Magnitude, p.u.

Vt_ang 4.038907 D Bus Voltage Angle, deg.

SB 100 * Machine Base Power, MVA

fn 60 * Nominal frequency

M_b 100 + MV A Voltage Source base power rating

R.a 0*r 1 Internal source resistance

X.d 02 * 1 Internal source d-axis reactance

fo 60 * Synchronous frequency, fO = 60 Hz

mp 0.01 b P-f droop gain. Normal range: 0.005 - 0.05 pu.
Tr 0.1 * Filter time constant, sec. Normal Range: [0.01 - 0.1 sec/]
qlr 0.01 Filter time constant. Range: [0.01 - 0.1 sec]
EMax 115 » Max. Edroop

EMin 0" Min. Edroop

kpv 0.01 r Proportional gain of the voltage controller
kiv 5.86 b Integral grain of the voltage controller

mq 0.01 b1 Q-V droop gain. Range: [0-0.20] pu

e Additional Parameters for limiters:

Pmax
Pmin
kppmax
kipmax
Qmaxlim
Qminlim
kpgmax

kigmax

09 *

0

0.01 D

01 B

044 *

-0.44 >

10 B>

20.0 D

1

1

1

1

Upper limit of the inverter active power output. Normal Range:
[0.1-1] pu

Lower limit of the inverter active power output. The value
should be negative when representing energy storage systems.
Proportional gain of the overload mitigation controller. Normal
Range: [0.005 - 0.05] pu.

Integral gain of theoverload mitigation controller. Nomral
Range: [0.05-0.2] pu/s

Upper limit of the inverter reactive power output. Normal
Range: [0.44-1.0] pu

Lower limit of the inverter reactive power output. Normal
Range: [-0.44 - -1.0] pu

Proportional gain of the Qmax and Qmin controller. Range
when VFLAG=1 is [1-5] pu. Range when VFLAG = 0, [0-0.5] pu.
Integral gain of the Qmax and Qmin Controller. Range when
VFLAG=1 is [3-20] pu. Range when VFLAG = 0, [3-30] pu

16
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FMU Export - Modelica to FMU Wrapper

® Created a “Wrapper” that interfaces the component to be
exported with the mandatory interfaces required by
ePhasorSim
® |tinterfaces with the “block” from the OpalRT-dev library
called “PIN2INOUT”.
® That means that the PIN2INOUT:
o Converts the acasual variables in PwPin (p.vr, p.vi, p.ir
and p.ii) into casualized variables (busO _vr, bus0_vi,
busO_ir, and bus0 _ii)
o It assigns the value of variables (p.vr, p.vi, p.ir and
p.ii) in the PwPin to the inputs ((busO_vr, busO_vi) and
outputs (busO _ir, and bus0_ii)
o This results in the voltage and current having a specific
direction, i.e., as input or output, respectively.
o Consequently, the “busO_ir” and “bus0_ii” are the
currents that will be injected into the network solution
of ePHASORSIM

RPI

v
1.
7

_ALSETiab ™

bus0_vr

~

Mandatory interfaces \

r

>

busO_vi

>

TRIP

>

ir

w PIN2INOUT

i

a8
9\8/

1
A

UDEmag

UDEang

bus0_ii

Frequency.

System D
System Base:

9/9/2025
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FMU Generation genVoltageSourcel OFMU

Description

f ) Call used to generate the FMU

Inputs
. modelname Path to model to be transalted
Dependency: Windows Subsystem for fmuname Desired name for the FMU
. . . Set to true/false to generate source/or
Linux (WSL) 2 with Linux kernel update generatesource ot ’
paCkage OK Info Copy Call| | Execute Close

Custom function to generate FMUs with/without source code
FMU with and without Source Codes

extends Modelica.Icons.Function;

1 input String modelname = "IBR_VS_Droop FMU"
® FMUs can be generated with or e Stiin ot
without the C source code. cleplin _ :
. . . // Flags used in "..\FMUCreator\dymolaFlag.cfg
® With Dymola, this capability depends "
Advanced.CheckPackageRestriction :=false;
on whether or not the user has a e T e P e
. Advanced.FMI.xmlIgnoreLocal :=false;
license that enables code export. Advanced. FMI . BlackBoxModelDescription :=false;
. . Advanced.Define.AimForHighA r :=false;
® A user with a local “vanilla” Dymola e e
license can regenerate the FMUs and Advanood  SonrestodoEamar arma L 1ot rues
_li H H Advanced.FMI.CrossExport :=true;
eXECUte Off Ilne Iocal S|mU|at|0ns. Advanced.FMI.FMUIncludeSource :=true;
. EXpOI’t Of source COde iS Only required ?;ivzx}:z::;Fg;éFMUSourceCodeUniqueNaminq r=true;
when running the ePHASORSIM in real Cranciatetiode LU (nedeinans, faise, fmunane, ¢
a1t true, 1):
time. end generateFMUWithSourceCode;

OPAL-RT ePHASORSIM currently supports FMI version 1.
We use FMI for Model Exchange (ME).

RPI s
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Data Exchange between ePHASORSIM and FMU _ALS ETlab N

® |n ePHASORSIM, all parameters for a power system model are defined
in an Excel file.

® Once ePHASORSIM reads the network and FMU parameters from the E";ﬁ[,?j,“;’,ﬁ;'i;’s‘d

Excel file, it instantiates the FMU and passes the parameter data to it. 5
Instantiation__y,
® ePHASORSIM uses a fixed time-step solve, at each simulation step, it —Start Simulation_,
sends the terminal bus voltage real and imaginary values, busO_vr A e v >l Calouste
and bus0_vi, and any inputs defined in the wrapper to the FMU. _ bus0_viand TRIP £_OLipLES
ePhasorsim FMU
® The FMU equations are evaluated with the received values, and the _cangf:dStvf;Les"
results are sent back to ePHASORSIM in the form of real and Sarfidll Band
imaginary current injection values busO _ir and busO _ii, and any of the < busoli -

output values included in the FMU wrapper.

® ePHASORSIM then solves for all variables within its internal models
and assembles the overall network solution.

RPI -
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Example - GFM inverter FMU on NYS Transmission ALS ET[ab_

® GFM IBRs, modeled as FMU,were integrated into the
NYS 5000-bus, 800-machine transmission system in -
ePhasorsim. "E Me?eYzYeran%Llr§0L§a9

® Atotal of 9 GFM IBR with 6272.5 MVA capacity was
configured to substitute traditional generators within the
NYS transmission system.

9 . . : , 568
VA
8 1.04 -

1.03 7

= ) 500 p—
g 5 setpoint increased to 300 MW &
- % 1.01F New voltage setpoint
% 4 \ % "

3 > 1

2 0.99

1 I T T 0.98 - W

00 1 2 3 4 5 0'970 1 2 3 4 5

Time Time \TLANTIC OCEAN
GFM response to changes GFM response to changes
in MW setpoint in voltage setpoint

RPI .
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Discussion — Advantage of FMU-based Approach

_ALSETiab ™

RPI

Table 1. Comparison between Simulink-Based and FMU-Based GFM IBR Deployment in ePHASORSIM

Aspect

Simulink-Based Deployment

FMU-Based Deployment

Controller Integration

Manual copy-paste of droop-based
GFM controller block each time

Controller 1s pre-embedded in FMU;
no need for repetition

Signal Wiring

Manual setup for each new GFM (all
inputs/outputs to/from solver)

Minimal signal mapping (e.g., Pset,
Vset) required

Model Scalability

Tedious and error-prone with more
GFMs

Easily scalable to large numbers of
GFMs (e.g., hundreds)

Transformer Setup

Details must be manually specified in
Transformer sheet

Can be included directly in FMU or
in the additional FMU-named sheet

Error Probability High, especially with manual wiring | Lower, due to fewer steps and more
and naming automation
Time Efficiency Time-consuming due to repetitive | Very time-efficient and streamlined

steps and complex wiring

for high GFM penetration

Maintenance & Debugging

Difficult to trace and fix due to signal
complexity

Easier maintenance
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Conclusion and Future Work _ALS ETlab -

® Demonstrated advantages of FMUs for large-scale power system simulations.

® Developed grid-forming inverter model in Modelica, integrated with ePHASORSIM to evaluate
renewable energy impact.

® Utilized Modelica's object-oriented features to create controllable voltage source and GFM-
controlled inverter.

® FMUs offer significant time savings in modeling, debugging, and parametrization.

® Future work:
o GFM Model:
m Use better object orientation to reuse the Modelica model in other power system
tools, e.g., for ePHASORSIM-specific parameters and interfaces.
m Integrate GFM model in the OpenlPSL library, in progress — link to PR on Github, here
o Build Modelica models and FMU models for virtual synchronous machines, explore FMU
interoperability, investigate IBR parameter uncertainties.

RPI :
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https://github.com/OpenIPSL/OpenIPSL/pull/357
https://github.com/OpenIPSL/OpenIPSL/pull/357
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