TSR TA/NDVILEROHILSHEREMEBAL DR

Typhoon, the HILS born for Power Electronics
The real case study
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Hardware in the Loop (HIL) Simulation for

Power Electronics and Microgrids
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Typhoon HIL, Inc.

[0 Founded in 2008
(1 Stata Ventures backed
[0 Headquarters in Boston, Massachussets, USA
[1Three fully owned subsidiaries
[J Switzerland, Serbia, Canada

[160+ employees across 4 offices
11000+ HIL systems installed

Ray Stata

Chairman of the board
Co-founder of Analog Devices, Inc.
CEO from 1971 - 1996



Typhoon HIL Simulators

Made for power electronics and microgrid applications

[0 Modular design

®  Multiple units can be stacked together
® Behave as a single large simulator

[0 FPGA based from entry level

0 Use Typhoon scalable multi-core FPGA solver
®  On the market from 2009
m Able to support large multi converter models
B Sim step down to 500ns (Tus typical)
m Week long test runs
0 Connectivity
® High speed and high precision analog and digital I/O

® Industry standard protocols

Typhoon HIL
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Typhoon HIL software

0 Built for real time

OO0 Virtual HIL device

B Run simulation on your PC

® One click away from real time — -l: h O n
[0 Easy to integrate in test frameworks — pg

® Robot framework

B Exam
®m NI TestStand

[0 Customer driven development
B Four major releases a year

® Include FW update as well

IR
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HIL Tested has become standard in power electronics

Ultra-high fidelity Controller Hardware-in-the-Loop (C-HIL) for power electronics

. Real-time simulation
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Typhoon HIL offering
[ Modular design

Microgrid Testbed O AC and DC distribution systems
1 Multi-rate execution
QHIL Building blocks B 6.7/ns pwm resolution —
=T B 0.5us - 50 ps simulation time step T
t==23 0 Connectivity E E
U Amplifiers and interfaces W High speed analog and digital /O | ==
B Industry standard protocols ®@®




HIL Tested: Synonymous with quality and organizational excellence

HIL Tested empowers inverter/converter, DER, and component manufacturers.
Key qualifying requirements:

d Adopted model based testing (closed loop HIL testing)

d Commitment to HIL Testing and validation

 Driving: Test coverage, test fidelity, test efficiency

 Test automation implementation

d Continuous integration (Cl) processes implemented

Examples:
dSchneider Electric, EPC Power, ABB, Woodward, Tesla...

Read full VDC Research Report: HIL TESTED Powerful Performance,
m/ Functionality, and Quality from Model-Based Testing

Typhoon HIL


https://info.typhoon-hil.com/lp-white-paper-vdc-research-hil-tested

HIL Tested: EPC Power utility scale battery storage inverters

From test automation to UL1741 SA pre-certification
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Schneider hybrid inverter XW* Schneider

7 0 Electric
From test automation to pre-certification
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HIL Tested: Schneider hybrid inverter XW

From test automation to pre-certification
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Schneider Electric — Residential Solar Systems

Conext XW+ Solar Hybrid Inverter System .

6 HIL602 used for: ' !

B Design and Testing -

B Test Automation and Software Regression Testing : '

B Pre-Certification

Toolboxes used

m UL1741 SA e e
B TyphoonTest

Inverter model: Split-phase hybrid inverter

Parallel inverters simulated: 1 to 12

Number of tests: >1000 per firmware release

Sdasfo_kkr
“We're able to execute more tests in a short period of time. . g .
It facilitates for easier expansion of the test cases.” ’ * .
Sau Ngosi, Director of Schneider m Schneider Conext XW+

Typhoon HIL Solar Hybrid Inverter System



Use Case: AVL Battery Emulator

Dr. Roland Greul
BU Electrification and Racing Test Systems
AVL List GmbH, Graz, Austria

https://www.typhoon-hil.com/company/customers



HIL Tested: Schneider AccuSine line of active filters Sclénelder
e— Electric
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HIL Tested: ABB Solar Inverters

2 Level and
3 level
central solar
I\EES




Danfoss: Denmark, Illinois, North Carolina, Finland

Complete software regression testing for LV and MV variable speed drives

Velox medium voltage drive system ; : v
& Velox medium voltage drive system
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= Variable speed drives | |

Application | = Low voltage
= Medium VOltage v voltage drive system

. = 13xHIL402 T — — g — ekl
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HIL Tested reduces cost, bugs, man-hours fixing bugs.

The high-fidelity, real-time simulation is O/ reduced project cost
valuable for high performance converters 0
(e.g., microgrids, shipboard power systems, 2 8 _I\ /\-

avionics power systems)

40.6% of projects by teams not using HIL are 0

running behind schedule, while only 25.7% /o reduced number of
are late when HIL testing is used. defects

Quality of software under design and

lowering overall development costs is 0/ reduced number of
significant benefits of HIL Testing. 4 7 0 man-hours for debug

m Read full VDC Research Report: HIL TESTED
Powerful Performance, Functionality, and Quality from

Typhoon HiL Model-Based Testing



https://info.typhoon-hil.com/lp-white-paper-vdc-research-hil-tested

HIL testing is transforming embedded engineering struggles into successes

Start testing software and controller
Integration before physical prototypes,
shifting from serial to parallel development.

42 %

Engineering teams using HIL produces
average of 42% more lines of code.

Read full VDC Research Report: HIL TESTED

A Powerful Performance, Functionality, and Quality
from Model-Based Testing

Typhoon HIL



https://info.typhoon-hil.com/lp-white-paper-vdc-research-hil-tested

HIL Compatible: Empowering System integrators

HIL based model libraries enable system integrators to guarantee interoperability

Designed for Inverter manufacturers and system integrators
Key gualifying requirements:
1 Developed model in Typhoon HIL
 Avalilable controller with interface for HIL and the model
O Implemented controller version management

Examples:
JEPC Power, Schneider, ABB, Woodward

IR

Typhoon HIL



HIL Compatible: IHI tests interoperability of components for all projects

Control software testing, test automation for BSS controllers

|

BSS System Controller
testing and validation

= 1XEPC Power Inverter
Controller
= SEL 751 Relay

B cense [rveory
Success » Test automation for all
IRBeon EE Story utility storage projects




HIL Compatible: Remontowa Shipboard Power System Digital Twin
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Selected customers.
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Technology roadmap and key highlights.

How to better serve our customers.

O
O

Customer driven development: 4 software-firmware releases per year
Ultra-high fidelity machine models and interfaces to JIMAG FEA

B Nonlinear machine models

B Spatially varying inductance models

B Voltage behind reactance (VBR) — all machine types

Model based design and model based testing integrated in one toolchain
B PSIM model import into Typhoon HIL software-further improvements

B |[ntegration with Python (open source)

Typhoon Test - TyTest

B More efficient writing of power electronics tests (in Python), Test Automation
Advanced power electronics modeling

B Simulation of semiconductor losses expanded

Library of HIL Compatible Models for system integrators

Industry group: HIL Tested quality assurance guidelines and best practices

Typhoon HIL
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