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For over 20 years, opal-rt HIl Simulators have been used by engineers and re-
searchers at leading manufacturers, utilities, universities and research centres 
around the world. opal-rt is renowned for providing cutting edge HIl technologies 
for power electronic and power system applications.

today, some of opaL-rt’s key technologies are available on the 
NI Platform. 

NI Hardware, labview & Veristand, combined with opal-rt’s expertise in HIl and 
pHIl testing in power Electronics and power systems, enables NI users to overcome 
the greatest HIl engineering challenges using powerful NI FpGa-based systems that 
accelerate productivity and drive rapid innovation.

introduction

automatic generation 
of electric circuit model:
• No mathematical 

modeling
• No FPGA expertise
• No VHDL programming
• No need for Xilinx 

Blockset or other Xilinx 
FpGa tools

Simulation componentS
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power Electronics Solvers 
on NI FpGa

ni cRio 
compactrIo is a real-time embedded industrial controller made 
by National Instruments for industrial control systems.

pXi
pXI is a rugged pc-based platform for measurement and 
automation systems. PXI combines PCI electrical-bus features with 
the modular, eurocard packaging of compactpcI and then adds 
specialized synchronization buses and key software features. 

NI crIo-9068 / Zynq 7020 - compactrIo (only for courseware)

NI-PXI-7971 / K7 325T - FlexRIO

NI-PXI-7972 / K7 325T - FlexRIO

NI-PXI-7975 / K7 410T - FlexRIO

NI-PXI-7976 / K7 410T - FlexRIO

NI-PXIe-7858R / K7 325T - R Series

NI-PXIe-7868R / K7 325T - R Series

NI-PXIe-7822R / K7 325T - R Series

NI-cRIO 9034 / K7 325T - CompactRIO

NI-cRIO 9039 / K7 325T - CompactRIO

HaRdwaRe liSt:

ni pRoduct Solution

+
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fpGa electric motor & eHs 
for Hardware-in-the-Loop (HIL)

electric 
motors 
and Drives

energy 
conversion 
controls

electric 
ships

electric 
aircraft

microgrids
real-time simulation of power electronics remains one of the 
greatest challenges to HIl simulation.

opal-rt’s unique expertise in real-time simulation for EV and 
HEV electric motors, and experience in HIl engineering, have 
evolved to include a greater variety of field of applications, such 
as microgrids, electric motors and drives, electric ships and more 
electrical aircraft and any type of energy conversion controls.

OPAL-RT provides power electronic HIL firmware that can be 
loaded onto NI FpGa boards and managed through labVIEw or 
Veristand.

technology presentation:
this diagram shows a technical representation of an electric motor 
and a converter, and combines two major opal-rt  technologies 
available to NI: eHS and FpGa   Electric motor libraries.

conveRteRS

Electric 
Machine Library

Electric 
Hardware 

Solver (eHS)

i.o 
management

motoRS

field of 
applications
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eHS ELEctricaL 
SoLvEr
eHs, a generic and programmable 
fpGa-based electromagnetic 
transient (EMT) solver at the heart 
of the eFPGASIM suite, provides a 
convenient software environment 
that enables users to bring models 
into real-time in a matter of seconds.

facilitates the design cycle for 
complex circuit simulation by 
allowing a gradual simulation 
integration, from offline into 
FPGA simulation.

Increases the simulation 
accuracy of complex and fast 
electric circuits and drives by 
achieving very small model time 
step updates.

Compatible with National 
Instruments’ Multisim, as well 
as other platforms such 
as Simscape’s SimPowerSystems, 
PLECS Blockset and PSIM.

ELEctric 
MacHinE Library
The Electric Machine Library fits in the 
efpGasIm suite as the ideal platform for 
designing and testing controllers. 

the fpGa electric machine Library includes a 
power electronics and motor library that lets 
you simulate all components of the electric 
motor drive system. It includes detailed 
mathematical models of different types of 
electric motors, such as:

permanent magnet motors 
(PMM)
• Brushless DC (BLDC)
• Permanent Magnet Synchronous 

machine (pmSm)

permanent magnet motors 
(PMM)
• Doubly Fed Induction Generator/

Machine (DFIG DFIM)
• Squirrel Cage Induction Generator/

machine (SQIG SQIm)

and more!
• Complex motors
• Multi-motor systems
• Resolvers
• Real-time scope
• Encoders
• Others

Stepper motor
• Switched Reluctance Motor (SRM)
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Success Stories

An innovative HIL test bench validates the software 
embedded in socomec’s inverters
“Thanks to NI and OPAL-RT, we now have a hardware and software 
solution to validate high-performance, real-time HIL, which will allow us 
to improve product quality and reduce time-to-market.”
- thierry rohmer, SocomEc Sa

tHe cHaLLenGe:
Have an HIl simulator for our power electronics converters that would allow us to validate all the 
operations that have strict real-time constraints and to test product reliability in all types of use.

tHe soLutIon:
Use the National Instruments PXI Express chassis and FPGA boards that support the OPAL-RT 
eHS64 solver, with the NI software suite with LabVIEW and VeriStand for the real-time node and 
testStand for test automation.

advancing subaru Hybrid Vehicle testing 
Through Hardware-in-the-Loop Simulation
“By adopting FPGA-based simulation using the NI hardware and software 
platforms, we achieved the simulation speed and model fidelity required 
for verification of an electric motor ECU. We reduced test times to 1/20 of 
the estimated time for equivalent testing on a dynamometer.”
- mr. tomohiro morita, FUJI Heavy Industries, ltd.

tHe cHaLLenGe:
Using automated testing to develop a new verification system that satisfies the control quality 
level required for the motor electronic control unit (ECU) in Subaru’s first production model 
hybrid vehicle, Subaru XV Crosstrek Hybrid, and creating strenuous test conditions that are 
difficult to achieve using real machines.

tHe soLutIon: 
Building a verification system with the NI FlexRIO platform that makes automatic execution of 
all of the test patterns possible and replicates the most severe testing environments to ensure 
the highest level of safety to the user, while obtaining the required control rate and meeting 
critical timelines.



7

the simulator includes a power electronic and motor library that includes a detailed mathematical 
model of motors, power electronic converters and inverters and also devices such as resolvers, 
encoders and Hall Effect sensors. The electric circuit represented below provides an overview of 
the type of motor drive model that can be simulated.

NI Preferred Configuration

tyPicaL conFiGuration

NI CRIO-9034 OR 9039 K7 325 T NI PXIe 7868R - R Series 
with NI PIXIe-1078 chassis 9 slots

Processors 1.91 GHz Quad-Core Intel Atom 2.6 GHz Quad-Core Intel Core i7-5700EQ

number of i/o slots 4 or 8 8

oPaL-rt eHS version eHSx64 eHSx64

SiGnaL tyPE i/o board ExaMPLES i/o board ExaMPLES

digital outputs used for 
pwm out, digital out, 
Gate Firing, Hall Effect 
sensor, Quadrature 
Encoders, ...

NI 9477 32-Ch, 5 V to 60 V, 

Sinking DO module

PXIe-7868 Multifunction reconfigurable 

I/O module 18AO/6AI

digital intputs used for 
pwm In, digital In, firing 
Pulse, ...

NI 9425 Spring terminal, 32 Ch, 24V,  

7 us, Sinking digital input

PXIe-7868 Multifunction reconfigurable 

I/O module 18AO/6AI

analog intputs used for 
current & sensor inputs, 
resolver carrier input 

NI 9229
PXIe-7868 Multifunction reconfigurable 

I/O module 18AO/6AI

analog outputs for current 
& Voltage sensor outputs, 
Resolver, Sensor, ...

NI 9264
PXIe-7868 Multifunction reconfigurable 

I/O module 18AO/6AI



aboUt US
Founded in 1997, OPAL-RT TECHNOLOGIES 
is the leading developer of open real-time 
Digital Simulators and Hardware-In-the-Loop 
testing equipment for electrical, electro-
mechanical and power electronic systems. 

opal-rt Simulators are used by engineers 
and researchers at leading manufacturers, 
utilities, universities and research centres 
around the world.

opal-rt’s unique technological approach 
integrates parallel, distributed computing 
with commercial-off-the-shelf technologies.

the company’s core software, rt-lab, 
enables users to rapidly develop models 
suitable for real-time simulation, while 
minimizing initial investment and their 
cost of ownership. opal-rt also develops 
mathematical solvers and specialized models 
for accurate simulation of power electronic 
systems and electrical grids. opal-rt’s rt-
LAB solvers and models are integrated with 
advanced field programmable gate array 
(FPGA) I/O and processing boards to provide 
complete solutions for rcp and HIl testing.

1751 Richardson, Suite 2525 | Montréal, Québec, Canada | H3K 1G6
Tel: 514-935-2323 | Toll free: 1-877-935-2323 | Fax: 514-935-4994
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OPAL-RT CORPORATE HEADQUARTERS

europe
oPaL-rt Europe S.a.

196 Houdan Street
92330 Sceaux, France
Tel: +33 1 41 73 40 80

oPaL-rt Germany GmbH 
Fuerther Strasse 27
90429 Nuremberg 
Germany
Tel: +49 170-3529132

IndIa
oPaL-rt india Pvt Ltd

100 ft road, Binnamangala
Bangalore - 560 038, India
Tel: +91.80.6572.6326
Fax: +91.80.4152.5049

U.S.A.
oPaL-rt corporation

2532 Harte Dr 
Brighton, MI, 48114  USA
Tel: (734) 418-2961 
Fax: (866) 462-5120

www.opal-rt.com


