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OPAL-RT TECHNOLOGIES
M OPAL-RT
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OPAL-RT provides with high-end real-time digital simulators, scaling from compact
portable devices to large integrated HIL test benches

OPAL-RT systems are deployed for design, validation and optimization of

P/
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complex control, protections, PMU and SCADA systems

Used by our customers for Control Prototyping, Hardware in-the-loop and
Power HIL

Based on state-of-the-art technologies, OPAL-RT systems are
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powerful, flexible and scalable




OPAL-RT TECHNOLOGIES

OPAL-RT TECHNOLOGIES Inc.
=  Established in 1997 in Montreal, Canada

= 400 employees whose 250 for R&D, production, software dev.
= Background in Power Systems & Power Electronics

= Over 900 customers

OPAL-RT EUROPE
» 3 offices in France, Germany and Poland
= 50 employees whose 20 engineers for training & technical support

= Local Power Systems & Power Electronics experts team

= Local distributors network

PN OPAL-RT
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WHY REAL-TIME SIMULATION & DIGITAL TWIN?

W BALKAN GREEN Predict, optimize, and
. innovate with digital twins

ENERGY NEWS

@ RENEWABLES ENERGY EFFICIENCY ELECTRICITY ENVIRONMENT CLIMATE CHANGE GIz FEATURES INTERVIEWS

ELECTRICITY

ENTSO-E publishes final report on Balkans
blackout in summer 2024

Predictive insights
Anticipate potential failures and
improve maintenance strategies

through simulations that replicate
real-world scenarios.

Scenario analysis

Study ‘what-if’ scenarios to
The European Network of Transmission System Operators for Electricity explore alternative strategies and
(ENTSO-E) has published the final report on a grid incident in the summer of
2024 which left Bosnia and Herzegovina, Albania, Montenegro, and parts of

Photo: Yakup Ipek from Pixabay

Published
March 3, 2025 optimize operations without

physical constraints.

Real-time monitoring

Monitor performance in real-time,
providing a continuous feedback
loop for systems management and
troubleshooting.

Remote diagnostics

Diagnose system issues remotely,
enabling swift corrective actions
and reducing downtime.

BN OPAL-RT
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OPAL-RT DIGITAL TWIN CONCEPT

3] HYPERSIM

PDC & EVENT

DIGITAL TWIN(S)

Faster than Real-Time
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REAL-TIME SIMULATION — DEFINITION & BENEFITS

2. Model execution on Real-time simulator

1. Design of the model EMT / PHASOR 3. Devices under test
GUI for sim. management

50

I3] HYPERSIM

==

[,

>
<
Ethernet ‘ Digital V
Analog
Com. Protoc.
Real-time simulator IEC61850, C37.118...
Windows host PC i Simulation on
multicore processor & FPGA
Inputs/Outputs/ Com. protocols Controller, SCADA, protections

Power devices

BN OPAL-RT
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APPLICATIONS

MODEL/SOFTWARE-IN-THE-LOOP

WORKSTATION REAL-TIME SIMULATOR
e (Simulated Controller)

HARDWARE-IN-THE-LOOP

WORKSTATION REAL-TIME SIMULATOR ACTUAL SYSTEM

Controllers

RAPID CONTROL PROTOTYPING

ACTUAL DRIVE &
MECHATRONIC SYSTEMS

WORKSTATION REAL-TIME SIMULATOR

— (Simulated Controller) .g @

POWER HIL

ACTUAL SYSTEM

PV, Wind Farms, Motors, Loads,
ontroll Protective relays

- =;:::EE el et P
L=
WORKSTATION REAL-TIME SIMULATOR POWER AMPLIFIER
: SENSORS —.oorvee D R E

PN OPAL-RT
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APPLICATIONS

1L
>
) Digital '
Analog
Com. Protoc.
Protection, Controller Grid
(algorithmes, logique, décision) (physical grid to be controlled)

BN OPAL-RT
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APPLICATIONS — MODEL-IN-THE-LOOP

JUL
>

) Digital '
Analog
Com. Protoc.

Simulated

Protection, controller
(algorithms, logic, decision)

Simulated
Grid
(physical grid to be controlled)

WINDOWS HOST PC

PN OPAL-RT

==l TECHNDOLOGIES



APPLICATIONS — MODEL-IN-THE-LOOP

: : : r >
= " Digital E
: Analog e e
\ K Com. Protoc. k ;
Simulated T ——— Simulated
| ] i
|

Protection, controller
(algorithms, logic, decision)

Grid
(physical grid to be controlled)

REAL-TIME SIMULATOR

PN OPAL-RT
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APPLICATIONS

UL
>

) Digital '
Analog
Com. Protoc.

Protection, controller
(algorithms, logic, decision)

Grid
(physical grid to be controlled)

BN OPAL-RT
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APPLICATIONS — HARDWARE-IN-THE-LOOP

Real Protection, controller
(algorithms, logic, decision)

Digital
Analog

Com. Protoc.

Simulated Grid
(physical grid to be controlled)

PN OPAL-RT
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POWER SYSTEMS
REN »<

Redes Energéticas Nacionais

Customer - R&D Nester REN (Portugal)

Project - Validation of protection relays for distribution grids
Objectives - Protection relay testing

Solution - OPAL-RT Hardware-In-The-Loop (HIL real-time simulator)

AT
WORKSTATION SIMULATED PLANT REAL PROTECTION
Simulation management Hardware-In-The-Loop (CPU) UNDER TEST
Time step 50us Electrical grid Protection M OPAL-RT

==l TECHNDOLOGIES



POWER SYSTEMS

REN )« B

Redes Energéticas Nacionais
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POWER SYSTEMS Rte

Réseau de transport d’électricité

Customer - RTE (France)

Project - Validation of HVDC control replicas
Objectives - Control Replicas testing

Solution - OPAL-RT Hardware-In-The-Loop (HIL real-time simulator)

WORKSTATION SIMULATED PLANT REAL Control
Simulation management Hardware-In-The-Loop (CPU) replica
Time step 50us Electrical grid % TEE' 5 ﬁulfc-u 5 E-IE:



POWER SYSTEMS

Rte

Réseau de transport d’électricité

HVDC
Control Replica
under test

IX] HYPERSIM
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REAL-TIME SIMULATOR ARCHITECTURE - OVERVIEW

Host PC
Model Edition
Simulation management
Graphical interface

3] HYPERSIM

Ethernet
Link between host PC
and simulator

FPGA board

|/O management &
Model computation

RT Simulator
Model Execution
Data logging

|/O management

-

<3
a3 s
NG o o
<& o
B
. o

. . I/0 boards
Interface with real
Multiple-core CPU devices

Model computation

=

=
=

Your devices

under test

e
[l
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HARDWARE ARCHITECTURE — REAL-TIME CHASSIS — MIL / HIL

PCle

VERSAL OP5707XG2 OP4610XG2

= OP5033XG2 RTS 16 INTEL® CPU cores (XG) = From 4 to 16 INTEL® CPU cores (XG) = 6 INTEL® CPU cores (XG)

= |/O chassis with XILINX® FPGA board Versal = XILINX® FPGA board Virtex 7 = XILINX® FPGA board Kintex 7
- Up to 128 DIO, 32 Al & 96 AO per Versal chassis - Up to 8 1/0 boards = Up to 41/O boards

= Up to 4 3" part boards (Sync, Ethernet) - Up to 4 3" part boards (Sync, Ethernet) = 1 3rd part board

= SFP Modules for optical fiber SFP Modules for optical fiber

= SFP Modules for optical fiber

BN OPAL-RT
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HARDWARE ARCHITECTURE - I/O BOARDS

Analog outputs Analog inputs
16 channels 16 channels
[-16V: +16V] [-20V; +20V]

DAC: 16-bits, 1 or 2 Msps ADC: T6-bits, 0.4 Msps

Digital outputs Digital Inputs I . I 1 DB37 + Screw terminals

32 channels 32 channels o I Ethernet ports / Specif. Connect.
PWM or Static digital PWM or Static digital B— B W (Real-time simulator rear part)
«ON»5to30V «ON»45to50V .

Digital inputs/outputs

32 1/0 reconfigurable channels
PWM or Static digital

« ON »; £ 50V

Easy access to 1/O
(Access on real-time simulator top part)

More information BM OPAL-RT
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https://wiki.opal-rt.com/display/HDGD/OP5300+Modules+-+General+Information

HARDWARE ARCHITECTURE — COMMUNICATION PROTOCOLS

Supported communication protocols (partial list)
IEC61850 GOOSE, SV & MMS
C37.118
DNP3
IEC 60870-5-104
TCP/IP, UDP/IP
Modbus
RS485, RS232

More information PN OPAL-RT
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https://wiki.opal-rt.com/display/CPM
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MODEL COMPUTATION
CO-SIMULATION

HYPERSIM OVERVIEW

MATLAB
Proportional Gain SIMULINK
» Ki 1 s |~ el
s Osbogho (Ab) Nokota New lavn Osteghe it O A Newllavea
|
Integral Gain nlegrator

Control models o Power Electronics
50us—1ms 0 300ns—1 ps

M OPAL-RT
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SOFTWARE ARCHITECTURE

Kundur 4 Machines Power System Network

TestView (on RTServer_200)

File Edit Tools Help

E|2 B8 & bt
gﬂjﬁl |( Falewe | Runner | View F %| & Test/HQ_simple ‘
Test_HO_simple (2.0 g
¢ o ple @01 : E HO_simple : "Overvoltage test"
¢ B Hypersim [RTServer_200:1]
Hypersim [ ho_simple_w4 ] [L.OE-4] [ LOADFLOW | [ CLRTAR | [ START ] [5TOR ]
Unlock test auto : Sleep [10] (s)
O snapshot [Take]
™ B G et E 3 [Trig] : for (intil = 0; il < 332;il = i1+ 1)
Snapshot [Load]
HypProc_1: KEY = [ HQ_simple | [ PROCESSING |
@ Tahle: [Test %{Test}]

& HO_simple

SIM

Options

Select test running

@ Current test only

) All tests open

) Use Batch Test

Auto update batch test
Batch Test List

ScopeView - C:\Documents and Settingsivincentl\Scope
B £ Pew Zoom Gaoh Acasstun teb

a BdMEa BB Xbaa @

OO0
FEASERALRAAY

NAKAA LA
IWAARARTAIAAT
HYPERSIM iy HH
Modeling il |

TESTVIEW

Automation & Reporting

meeme — B @caner Cirarameies @oom | € J[ > J[ & J[ v |
This demo presents the Kundur 4-machines test system in HYPERSIM. ;e AYAVAY AVAYAVATAVAVAY l\. N | il W A MDA A\ VAAAA Iy
CEEELER PMM HELEEEREERE
A ’?’L iy i1 VLA
AR A

Dt et e s can BTG

SCOPEVIEW

Visualisation

M OPAL-RT
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SOFTWARE ARCHITECTURE u] HYPERSIM l
HYPERSIM OVERVIEW

B oo e e @A - & S a2 G E e
= One-line diagram tool W.. WWM%N
= Simulate your models offline (Windows host PC) st Rrrr— —
= Simulate your models in real-time (Real-time simulator) [
AT %,fL{Lmn;‘MM T
= Power systems models up to 2.000 3-ph buses at 50 us (EMT) AL /’y D) 5O A
| e B
L R = A e mé&&?:?“?;-ﬁ:, 1
= Automatic allocation on several cores o t_j — — — = 1 iﬁ — ==
i . — - U PP, P e g
= 1/O & Communication protocols N ; ; | ‘ " S5
. - =2 |

- A/D, D/A, DIO == =T o [
= (C37.118, IEC61850, DNP3 etc.. : . ﬁ ]

Online documentation
Benchmarks & models examples

M OPAL-RT
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https://wiki.opal-rt.com/display/DOCHS/HYPERSIM+User+Documentation
https://wiki.opal-rt.com/display/DOCHS/Example+Models

Parts v X

SOFTWARE ARCHITECTURE :

Control Logic Operations
Control Math Operations
Control Miscellaneous
Control Nonlinear And Delay
Control Power Tools

Control Protection Relay
Control Sources

Network Filters

Network Lines and Cables Parts - X
Network Loads
Network Machines
Network Measurements Fault
Network RLC

Network Sources

Network Switches and Converter
Network Tools

Network Transformers

Signal Routing |Z| 3-winding, [Z] based w/ fault
Target Inputs and Outputs Network Transformers

Enhanced usability

=  Comprehensive model editor

| Al Parts -

= (lean & Intuitive design with categorized toolbars

2-winding, [Z] based w/ fault
MNetwork Transformers

= Fully searchable parts library

= Simple and intuitive diagram editing tools

Configurable components

— Conslant_param, 3-ph w/ fault H
Network Lines and Cables

= |ntegrated diagrams e Comtant poram, Gl

= Tooltips on all parameters o Mot |

= Tunable pI’EﬁX multiplier ‘# Falt o grownd, 3 ﬁ

= Tunable notation 4 s E,____

= Tunable precision — e

Network Lines and Cables

PI section, 6-ph w/ fault
e p—— ”
i Network Lines and Cables

Online documentation

. . OPAL-RT
Video tutorial IR L et



https://wiki.opal-rt.com/display/DOCHS/Components+by+Library
https://www.opal-rt.com/opal_tutorial/video-2-getting-started-with-hypersim/

SOFTWARE ARCHITECTURE

Distributed Energy Ressources FACTS & HVDC

UPFC
CHP1 T =B S85C
LA
& + -t ! A ]
CHP e FC1 — « T
E} - e’ —Prets E} EI: ‘}
Diesel SVC1 —erets
—Jvers
’ﬂ_‘ PV1 Lec LcCa STATCOM ese
B-pulse bridge 12-pulse bridge \ F
I:IIII | —Y - ] # N
[ BAT1 | o [— | ; * # i L ) | |_+| |_|
PMSM — ~ | da - B rip—] et
WT1 \:|—‘ . » s ™
_FIRING PULSES | RESTER GO —+[_conmal | yn
Voltage Source Converters :
g Machines & Sources
2LVLA NPC1 FB1 FBUMO1 | HBNIMC? |
FB SwD V [pem + +
—{ P V [ —i P V [ il & = Vp— ASM1 DCMA
p— I p— ;ﬂ} ;ﬂ|_ —wii)— ii|— — p— ST + .
SIS A& R 2 7 $
I B N B ] ] T Isrc clsrct
2-level 3evel N ‘ﬂF ]ﬂF ii}_ iil_ Swiching =
swD - | NPC SwD— |— — - 21— B fum:tm[uf arm _[> el
[ I CTRL
» THERMAL
= 2LVL2 1 NPC2 FB2 HBMMC 1 | Boost] CTRL PIMSM1 SM2 Vared cVsare 1
—4{ P V [ FB SwF V[ Ty [ s
- . e === —I=P Boost SwF V== —[> = -
4 B S N s o - =~
— ] T - =1 —In 4 Out—
2-level 3evel N ]ﬂFiﬂF F
2

) T o BN OPAL-RT
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SOFTWARE ARCHITECTURE

Switches & Breakers Lines & Cables
| WB1
Fit1 TCRA -
4[_% ;L:E_ —r WB Fitter —
ey -
—H Trigger —— -
p{ ExtCtri
o
CABLE DATA
Thz
D FD3
il - -
+ 3-phase FD

¥ R

LINE DATA

PI2

|

3-phase Pl

s OPAL-RT
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SOFTWARE ARCHITECTURE

Transformers RLC, Filters & Loads

Ll
* \ U D Pos [»—
- B 41 LdH1
1 2 o h CT1
; 1 1 2 Dynamic Dynamic
— N XFMR10 Py -
WEM ) - A
AXFMR2 XFMR_Auto 1 —— Harmeonic
N2 1 [Z]2 N I
L AL1
N — % . — o
N XEMR4 — Turn-to-garth g W ijij — —El PQLoad
—{ Turn-to-turn
CvT1
KFMRA

T
NET
+

a L LC1
R2
XFMRS PT1 *on +rﬁ-ﬁ-, +,--t|--|:|--.
& [ N2 }_
~ %
: {% ()2
Nz 3 3 N1 e + +
XEMR5 N
XFMR5 —Turn-to-earth XEMRS XFMRT =7 L1 ALCI
— Turn-to-turn
XFMRS = =

Protection Relays

21MHO1 57UV 40Q1 50510C1

21 MHO 27 0V 40Q 5051 0C

=1 iabc Qp— \
= Vabe Qp— =l labc VarType g THjlane K Q
- o —f Q

— Reset Reset Reset——'—»

:

Vabc Trip
labc SPT
RPT m
Reset

Ty

17T

vodd

90V B1FREQH STTDIFFT
59 OV 81 FREQ 87T DIFF

labc
=4 Vabc 810 arup—
—pVabe W\[\/\/ V\MN labc?2 e
— plReset Reset 81U labe3 8TR[—
Reset

81R

T
J

17y
s11)
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SOFTWARE ARCHITECTURE

IEEE Machine Controls

Exciters Governors Stabilizers
2 1 EXDC2_1 o GOV PSS14_1 PSS24_1
[EEETZ EXDC2 DEGOV1 HYGOV PSS1A P3S2A
—4In Efdp— =i Efdp— —t{in1 Pmp— " Gat:?; —{Vsl  VSTp— —t{in  WSTp—
3 1 — TGOVI_1 TEOVZ_1 PSS28_2 o
\EEET3 EXSTA TGOV TGOV2 PsS528 PSS3B
R Efdba_  —tdin Efdb ={1in Tmp— =fqIn Tmf=— LU VETE— s L WETf—
IEEEVC_1 EXST3_1 WEHGOW 2 PSS4R_1 -~
IEEEVC EXET3 WEHGOV WESGOV PS54B [EEEST
=lin V\r‘;cfl: —=tdin Efdp— =i Pmf>—  ==kiin P f— —pldw  VSTp— —=t{in VST p—
Sources Nonlinear and Delays Miscellaneous Measurements Maths
surier] Fund1 X Max1
beDa PLLA °
AbcDgl —iqu lulf— = ut
Sine1 Pulsel Const! Blu R v ABC =00 - s ,v
[N [ R S T = —Hut_ap— . i
Zone se Sfut
DZonel Fipfiopt Cirlt Segl Powert iz Min v
o~ Hu < vl o flop Fitter1 pfermor by —plabe  b—
- V= I reset —p{f Modulo1
PWM Average Generator i j_ t b
[2-Lened Carmerier] Hel - ) W 2 Hand1
—tjvret ph —u He Lt Statesye] Power Gaint
—{Fc —qreset ¥ fHu j‘cy Codel - _ Frlle
oy stateb— State variable Power2 =—pvabe ol or1
= Sell € code system plvanc, Pk —¥)labc Y
Square1 T: Triang1 = el yip— —qul ¥lp— '_ A sk Round B'
sel 2 ] - abc [*]= Qp— ound1 e
T2t Progressive _vp— 2y bl
—

yz  selector gainp—

M OPAL-RT
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SOFTWARE ARCHITECTURE

REAL-TIME SIMULATION ON CPU CORES

HYPERSIM'’s Automated Task MAPPING
= Distribute topology across multiple processor cores,
automatically based on-line length and simulation time
step

Benefits
= Take advantage of parallel processing
=  Save much time when working with very large systems
= Models in HYPERSIM can be prepared, analyzed and p
provide task map directly on your laptop, from anywherg#

PN OPAL-RT
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SOFTWARE ARCHITECTURE

REAL-TIME SIMULATION ON
FPGA

= Electrical circuit editor for seamless, fast &
accurate simulation on FPGA

= No VHDL coding

= Connected to the HYPERSIM model (running
on CPU)

= Connected to hardware |/Os OPAL-RT Schematic editor

= Possibility to modify electrical parameters
during test scenarios

PN OPAL-RT
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HYPERSIM - PSCAD DLL Import

PSCAD model
n (Source code to be protected)

l

Black-boxed
o
\H OFFLINE _

Black-boxed
model using UCM

: [ HYPERSIM
': #1435 see D 1
I REAL-TIME .":;:;;g;;;g:;;g HYPERSIM
e --- a : o .
. ek T XY
Gl 14| i@
ey | &1 = | UCM | Simulink Network Network
Plant Model PR | @ NewucM
T 1 @ New UCM (UcmBuilder)
= S Import UCM
e LT JBES  ucmBuilder.. -

v
-
-

ba o e

OEM controller UCM

BN OPAL-RT
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SOFTWARE ARCHITECTURE

EXATA software for IT network simulation and cybersecurity attacks

» Co-simulate electrical grid & IT networl

= Denial of Service (DoS)

= Man-in-the-middle

= Packet modification

= Passive attacks

= Vulnerability exploitation

= Virus and Worm propagation

= Rootkit and botnet

= Backdoors/holes in the network perimeter
=  Communications hijacking

POWER Virtual COMMUNICATION

SYSTEM " Communication IR i
simutation [ petis EMULATION  EXAl3

D

DEVICES UNDER TEST

33333 E-’ /NTERNE/CLOUD
) ;L
_.... A

multi-core [l 1

EMULATED DEVICE SIGNALS @ | I

HUMAN-MACHINE-INTERFACE (HMI)
(SCADA)

USER INTERFACES
(HYPERSIM OR RT-LAB
AND EXATA CPS)

REAL-TIME SIMULATOR
(OPAL-RT)
— Learn more at www.opal-rt.com/cyber

M OPAL-RT
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