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Who is Typhoon HIL, Inc.

[0  Spun off from MIT and ABB, funded by Ray Stata (Analog Devices), forged by power

electronics industry.

[0 Laser focused on ultra-high fidelity Hardware-in-the-Loop (HIL) controller and software

testing for power electronics
B Pure play Controller Hardware-in-the-Loop (HIL) solutions provider

B Down to 25ns simulation time step (typically 250ns), 3.5ns digital oversampling

B Vertically integrated technology stack; best technical support in industry
B Solution focus: providing hardware, software, and engineering services
[0  Serving Power Electronics HIL customers for 10+ years.
[J 800+ drives, EV, and power electronics customers since 2009

[0 130+ employees across 7 offices

Typhoon HIL



Commentaires du présentateur
Commentaires de présentation
Typhoon HIL is the market leader in ultra-high-fidelity Hardware-in-the-Loop (HIL) solutions, that accelerate innovation in industrial electronics, e-Mobility, and grid modernization applications. Our vertically integrated solutions unlock value stacking, enabling customers to accelerate time to market while reducing costs and enhancing quality. Committed to technical and business excellence, our mission is to engineer and promote environmentally sustainable power technologies that scale. 

CEO Started off by creating his own sub microsecond HIL to test medium voltage drives at ABB back in the early 2000’s. from there they invented Typhoon.
Present day Typhoon has grown their technology and product offerings to include multiple industries (e-Mobiility, microgrid, marine systems, charging infrastructure) and timesteps down to 200ns and 25ns for specific components.
# of customers and employee count. 
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What We Do?

Model-based test solutions for digital power.

[0 Started as a test

010101000011 11001

equipment manufacturer. comegl 1] commends |
[0 Today, model-based test o]

solutions for digital power. NE] e
[0  Enabling test automation s HHHH foedbeck

for digital power.

Typhoon HIL



Commentaires du présentateur
Commentaires de présentation
We started with Power Electronics applications (simulating with high-fidelity and enabling continuous testing) but since then the switching frequencies only got higher and higher, specially motivated by fields such as the e-Mobility, onboard chargers, fast chargers, automotive drives etc. This required even increased fidelity… 

At the same time, the grid is also constantly evolving and penetration of power electronics into the system via inverter-based resources is increasing, which brings an entire new set of challenges from the perspective of system integration and interoperability.
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Typhoon HIL in 2025
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Typhoon HIL Inc., Boston, MA, USA.
Typhoon HIL GmbH, Baden, Switzerland.
Tajfun HIL d.o.o., Novi Sad, Serbia.

Typhoon HIL Canada, Vancouver, Canada.

A Typhoon HIL Offices

. VARs / Technology &
Engineering Centers

. Typhoon HIL BR Ltda., Florianépolis, Brazil.
@ Distributor s P

Typhoon HIL

Typhoon HIL Castelmayran, France

Typhoon HIL Disseldorf, Germany



Commentaires du présentateur
Commentaires de présentation
Typhoon HIL is a global company with a local presence. Customer service is a top priority, which is why we strive to have team members wherever our customers are. Our hardware and software are designed and manufactured in Novi Sad, Serbia, while our Boston headquarters drives business development, sales, marketing, and engineering.



Application Verticals

e-Mobility &
Transportation

EV powertrain, e-Drive
systems, BMS, OBC, EVSE,
DC/DC converters.

Typhoon HIL

Power Electronics &
Industrial Applications

Motor drives, inverters, power
conversion systems, active
filters, industrial automation.
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Grid Modernization &
Power Systems

Distribution automation, digital
substations, ESS, BESS,
microgrids, residential and

marine power systems.

Academia & Research
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Commentaires du présentateur
Commentaires de présentation
Closely selected references (depending on whom we are talking to; direct their attention towards certain company profile)


Selected References in Grid Modernization
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Commentaires du présentateur
Commentaires de présentation
Closely selected references (depending on whom we are talking to; direct their attention towards certain company profile)
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Join our academic network

Academic partnership with 250+ institutes on 6 continents.
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Unique Value Proposition for Academia

From offline simulation to HIL, and beyond...

[0 Industry-grade, full-featured, model-based engineering solutions

[0 Easy-to-use, Fully integrated software toolchain - support the entire academic journey.

[0 The essential link between classroom learning, cutting edge research, and real-world industry

challenges.

[0  Supported by a community of global industry and academia leaders

[0 ... and a selection of initiatives and programs offered to develop its members.

Typhoon HIL




HIL Teaching Stations

O HIL101 real-time simulator

O HIL Tl Launchpad Interface

0  Full Typhoon HIL Control Center Toolchain

B TyphoonSim offline simulator
B T C2000 Toolbox for auto code generation

Typhoon HIL Relphie
Forum Al HIL assistant

Typhoon HIL



https://www.typhoon-hil.com/products/hil-simulator/hil101/
https://www.typhoon-hil.com/products/hil-interfaces/hil-ti-interface-cards/hil-ti-launchpad/
https://www.typhoon-hil.com/documentation/typhoon-hil-software-manual/concepts/typhoon_hil_control_center.html
https://www.typhoon-hil.com/products/software/typhoonsim/
https://marketplace.typhoon-hil.com/package?package_name=TI+C2000+Toolbox
https://typhoon-hil.com/forum/
https://hil.academy/
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Turnkey Solutions for HIL

o

8

O Services CE:) g;)

B Testbed development and integration —i —i =

- [, ] =& |

B Test development and automation s AV | (2 S

. . ] : =1 '5_
B Process integration E | P | —— P IR
Interfacing Modeling Test Automation §

[0  Fully Integrated SW Toolchain

B Rapid model development 5 t m /I\{
11 I

[ | Ease of use infrastructure for interactive and T
automated testing

. Schematic Editor HIL SCADA TyphoonTest IDE
| Interoperable with other tools

[0  High Fidelity Real-time Simulator Platform
B High-fidelity
B  Scalable
[ Flexible HIL Simulators

Typhoon HIL

L

Interfaces / Signal Breakout /
Adaptation Fault Insertion

i e
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From Model and Simulation to HIL

The entire journey - from design and testing all the way to converter prototype

Typhoon Test

Typhoon Sim and V-HIL Controller Hardware in the Loop Power Testbed(s)

(MIL & SIL) (C-HIL)
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System Architecture

[0 Typhoon FPGA solver — a specialized, proprietary FPGA-based . .

multi-core processor optimized for real-time simulation of electrical User System
CPU1 CPU 1

domain models.

[0 System CPU - one or more general purpose processors that are

indirectly controlled by the user. Typically used to assist the FPGA Typhoon FPGA solver
SPC Array

SPC 1 SPCZISPC3 ..... ISPCN]

Low latency interconnect

with certain low dynamics electrical domain components.

[0 User CPU - one or more general purpose processors that are under

solver modulator

direct user control. They execute sub-models composed of signal [ Signal ] [ o ] [ Machin ][ WM ]

generator

processing components. Typically used to simulate controls or low

dynamics physical models.

Typhoon HIL



Commentaires du présentateur
Commentaires de présentation
- Show in software or previously opened “Build your first model” how the components executed on FPGA and CPU are differenciated


HIL404 Simulator

Flagship
0 Fidel
|

4t Generation Device

ity

250ns Step Time (25ns for DAB, resonant)

3.5ns GDS Oversampling

[0  Computation power

4 FPGA processing cores

3 ARM co-processors

[0  Connectivity

Typhoon HIL

16 Analog Outputs, 16 Analog Inputs
32 Digital Outputs, 32 Digital Inputs
Ethernet

2x CAN, RS232, GPIO, SFP

This document's sensitivity label is: Confidential

Typhoon HIL
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HIL606 Simulator

Flagship 4" Generation Device

[0 Fidelity
B 250ns Step Time (25ns for DAB, resonant)

B 3.5ns GDS Oversampling

[0  Computation power
B 8 FPGA processing cores
® 3 ARM co-processors
[0  Connectivity
B 64 Analog Outputs, 32 Analog Inputs
64 Digital Outputs, 64 Digital Inputs

[ ]
[ Ethernet, EtherCAT
m  4xCAN (2xCAN + 2xCAN-FD), RS232, GPIO, SFP

Typhoon HIL



Commentaires du présentateur
Commentaires de présentation
This is our flagship device, rack mountable 4th gen device.  


HIL Testbeds and HIL Compatibles

e-Drive HIL Testbed

BMS HIL Testbed

Microgrid HIL Tesbed

Digital Substation HIL Testbed
HIL Digital Twins

O O O 0O 0 4d

and more...

Typhoon HIL Microgrid Testbed
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Workflow

Fully integrated toolchain

Schematic Editor

Draw the model
Parametrize all the
components.

Define the real-
world inputs.

Waveform Generator

Generate arbitrary
source waveforms
and PV curves.

Import/export
signal data from/to
.mat or .csv files.

Typhoon HIL

Acquire all the
information about
your model prior to

the simulation start

This document's sensitivity label is: Confidential

Signal Analyzer

Visualize and analyze the
obtained waveforms.

Export data in a number of
standard formats

Benefit from the multi-tab
visualization options

HIL SCADA

Create your personal
interface to the
simulation.

Run the HIL simulation
and verify your control
design interactively.

Start automating your
tests through
programmed sequences.

TyphoonTEST

Fully automate your testing by
reusing your HIL SCADA code
snippets.

ALLURE SEPSRT E62014 TREND

797

98.36%

Easily generate huge number of
test-cases using fixtures.

Analyze your test-data by using
TyphoonTEST analysis library
Seamlessly generate interactive
and informative HTML reports.
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Schematic Editor

[0 Drag and Drop Modeling Environment

D .tse format 110 component "core/Current Measurement" Iout {

111 bw limit = "True"
112 execution_rate = "Ts"

H 113 frequency = "f_1pf"

O TeXt edltor 114 sig_output = "True"

115 }
116 [

1 H ~ siti = 9440, 8704

n Convenient for version management 25277, 2%

119 1
120
121 component "core/Product”™ Productl {
122 }
123 [
124 position = 8400, 8512
125 hide name = True
126 1
127
128 component "core/Probe" Pmeas {
128 signal_type = "active power"
130 }

31 [
32 position = 8704, 8512
]

component "core/Gain" deg2rad2 {
3 gain = "le-3"

37 }
[
position = 8504, 8512
hide name = True

I
Y

Typhoon HIL
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EMR with Typhoon

Easy integration with Typhoon HIL Toolchain — Schematic Editor component library

p—

Energy Sourcel

>—7—>
¢ f—

Energy Accumulation

Typhoon HIL

1B

Estimation Square1

@

Estimation Cwvald

Power Adaptation

b

> Indiract Inversion1
> — :jCI( <
1 — Multi-Physical Converter1 <ﬁ:
Mono-Physical Enr#rerter with Control1

Multi-Physical Coupling Coupling Inversion Weighting with Control1

> > ¢
y / ¢
Multi-Physical Converter with Controlt Coupling Inversion Distribution with Control1

S R ¢ o,

R < -

Mono-Physical Converterd

Mono-Physical Coupling1 Direct Inversioni
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HIL SCADA

[0 Real-time GUI for simulation control

[ | .cus format

]1></reference curve code>

</advance widget settings> Charging power = Signals | Scope  + | £& 4 |10 - |D
. Text format </component_data> ]
<component data> Enable | 5 —
<id>34£9b£977fa2lledalbelclbb5b93dB0</id> fref —
<name><! [CDATA[Capture/Scope]]></name> =
<type>Capture/Scope</type> 0.0 kW 0A
<description><! [CDATA[]]></descripticon> Pout lout
<working mode>embedded</working mode>
<widget_settings> | ﬂ nn ﬂ N ﬂ ﬂ ﬂ ﬂ‘ ﬂ n ﬂ N ﬂl n P ﬂ‘ [ Dusl active Bridgevoscs
<x>448.0</ x> Trace graph [1.0 sec/div] ll 11 | {l | | lf (I [ R |’ L % i \ | ‘l Ii | ( || | l{ |f L |
<y>0.0</y> \\H\'Jh‘,'MI‘H\'!H‘\"HHJHH.J’\ 1‘|‘|['l~\ fI\ 'IIH\J
Celdels0d/uidths et (| YU Y YUY YUY
eig eig
<hierarchy position>l</hierarchy position> 50 = = P = T = =
<label><! [CDATA[]]></label> \| A ﬂ J'm'\ A Al ﬂ | = | F‘u Al Iﬂw M \r‘ I | Nl |r\'l f | F | I e s
<use_label>False</use_label> g ‘I ’I (. ‘l 1 ‘| - - J| “ 1 I‘ b | I‘ | ,l I | |‘ ! I‘ I \ \I L ! |I | ‘l 1
<appearance><! [CDATA[Flat]]></appsarance> . \ f |‘ ) W |1 | ‘I / \ |1 I’ || - - f |‘ - f‘ i ‘I j T f ‘I = f I‘ 1 1 ‘I | l‘ J
<state>Scope</state> h - |J - \J ¥ lu IJ ‘I_J U 1 U L\ U Iu' L IL‘} ‘I_If 1 -
<layout>None</layout> 100
<virtual_signals_definitions> @
</virtual_signals_definitions> : ]
e = || VAVAY AVAVAVAVAVAVAVA VAVAY AVAVAVAVAVAVAVAVAVAY
<active7captureipreset><‘. [CDATA[Defaul
<active_scope_preset><! [CDATA[Default]
<capture name="Default"> BatteyisoC | 000
<time interval>0.1</time interval> ._" G Layou

<sample_rate>2000000.0</sample_rat 0.0V
<background_color>white</backgroun -
<layout>Vertical</layout> Battery voltage
<legend>True</legend>

Typhoon HIL




File Edit Run View Help

3 B Snbedded Pytan) ~| B B V] st smison | Calectony ==

V! Real-timedogs V] Openreport V] Clean old rests | | Select test by name
Target: (® Curentfie () Working drectory () Custom
Test Run

G Search tests
& ides Test name Status Setup Teardown
! 6oy test.mark.paranetrize(*n_ref", np.linspace(760, 1000, 7))

4 h - [0 TestRun
E:ﬁ:h:: e |@pytest.mark.parametrize(' 10aa’, [(10), (25), (30)]) ~ test_speed.py

B model Targetfiles def test_tracking(n_ref, load, return_to_500, summary_data): A testtracking(10-.. Failedin857 @ ind157 A in166s  © in00Ds
B report

© testtracking[10-.. Passedin2472s © in838s O in18% O in00s
© testtracking[10-.. Passedin2574s © in943  © in1630s @ in000s
© test tracking[10-... Passedin27.42s © in9.66s © in1775  © in000s

1 j cap. start_capture(duration=1, A test tracking[10-.. Failedin2498s @ in92%5s A in15695  © in000s
utomate your test execution s e e
pytestini A test_tracking[10- ©in8%s A niells  © in000s

Testin rackin i
B repert - Cory esting speed tracking capability

signals['zef, 'nmeast, (Iat, b, o]
summary 5 - © test racking[25 ©ino00s O insEs O in00s
testspeedpy. time_before_step = 0.1 © test tracking[25- © in29s ©in153ls  © in000s
Cap.wait(secs-tine_before_step) © test racking[25 07 ©inot O ini60  © in00s
Y o © test tracking[25- © i O inte2s O 0
hil.set_scada_input_value(scadaInputhiame='n_ref’, A testtrschingl2> ©in92s  Ainldes O in00s
AP Wizard value=n_ref, A testtrschingl2> ©ino05s A in14% O in00s
A testtrschingl2> ©in9xs A 170 O in000s

)
hil.set_machine_constant_torque(name="indn' , © test tracking[30- s © in92s O in15%s O in0Ms
est framework base on PyTes g
© test_tracking[30- 01s © in93ls O inl67s O in00s
Description ¥ test tracking[30-.. Running © in878s Running -
test tracking[30-900.0) Collected - -
Adds one logger to the model ... testtracking[30-9500] Collected
Displays the st of al analog sig. Kle(f'a o
9 Displays the st of all contactors. e the test_tracking[30-1000.0] Collected
@ available_digital_signals Displays the it of al digital sig e test_summary. Collected

.
© availsble machines Displys the it of all machines
© available pe switching blocks Displays the lst of all software-

TestLog
2022-01-24 12:40:05, 665 |- settling tine_thresholds_sbs -
(s46.7364251708984, 853.7400152587891)
20220124 s
value=(455, 565), 20220124

B Typhoon API function call automatically adds ) s

with msg.report_step("F: 3 :-Expand.for more informati
1 = sig.find(signal
resl overshoot = 11.396185096594155
overshoot_abs = 39.907104
undershoot = 5.71453845913957¢-06
undershoot_abs = 3.517575e-05
53

2 = sig.find all(signal-df['z=2], 2022-01-24
region='cucsiae’, 2022-01-24
Argument Value value=(495, 565),
5
1 name Choose el 502ms 650us, 999ms 990us)

. . o onpeaks
- erage = 851.21204
2/ms None Choose ref_mean = df['ref'].nean() N
3= sig.find_edges(signal=df['zet'], -o1- - X
3 frequency None Choose aluesref_mean, -01- -
risingsTrue, -
fallingsTrue,
o

v/ Omit unchanged default arguments ¥ Insertfunction | | T Copy to dipboard el

[ | Customizable E—S

4 phase None Choose |+ s_ripple_low_time = 989ms 150us

s
[Attachment] Complete

ALLURE REPORT 12/27/2021 Suites Low Pass Filter 5 p
. 600 (8m 12:
O lest proced ure in code - wr e e e e e s requncy e 2
Status 0 vaks (@) Fundamental frequency = 290331 Hz

v test_speed Fundamental period = 0.034443 s

B Compatible with your Python IDE of choice O 1 tmrsenno

#2 test_tracking[10-750.0]
tes_speea ——

snowan

£3 test tracking[10-800.0] Frequency Content 2 pararr 1 attachmen

ibili #4 test_tracking[10-850.0] Amplitude at fundamental = 9.470000267028809 V

[ | Flexibility and trackable (VCS) _ - 0ot msmosan _
‘ 7 ‘ : : € #5 test_tracking[10-950.0]
TyphoonTest Library documentation @ #7 tost rockngrio-10000]

| With good abstraction, the same test can run for P ————— o s racngza1000)

Assert Is Stej
TyphoanTest APl is meant to be easier to use and abstract away from HIL-specific de #9 test_tracking[25-750.0]
convey more effectively the intent and that could be used, in the future, for other targ signal n_meas
#10 test_tracking[25-300.0]

d iffe re nt D l ITS a n d e nvi ro n m e n tS Traditional HIL API and TyphoonTest API can be used together in the same test code from_value (495, 505)
to use TyphoonTest API functions when possible and, if missing anything, use traditid test_tracking[25-850.0] to_value (735.0,765.0)

* How can | sequence and run my tests now that Test Executor is superseded by € #12 tesi_iracking[25-900.0] att (0.10205, 0.30205000000000004)
TyphoonTest Framework uses the popular pytest python tool for running tests. It is fi € #13 test_tracking[25-950.0] strictness 08
. H . IDE and can also be used directly from the command line. For more information, ched © #14 test_tracking[25-1000. ~ & Analysis Plot EB35KB K
I e ran e o Ower e e(:tron I(:S O(:use u n(:tlons documentation and also check pytest documentation. Typhoontest defines some ne est_racking[25-1000.0]
° i St signal=n_mess fom velue={4SS, S0) o,y =(735.0, 65 0) t_£-(0 10205
can ke specified during pytest invacation. They are explained here Pytest command-| test_tracking[30-700.0] o5on “hone
= et T

TyphoonTest TyphoonTest also can run old Test Executor tests. Please refer to Runni
TyphoonTest. test_tracking[30-750.0]

. G #17 test_tracking[30-800.0]
ontents
[ Filters, FFT, THD, power, RMS, ... P p—
= TyphoonTest Library documentation
o typhoon.te: ture Packag € #19 tesi_tracking[30-900.0]

T © #20 test_tracking[30-950.0]
typhoon.test.sources Package /\/l est_tracking[30- )

0 (s © #21 test_tracking[30-1000.0]
typhoon.test.signals Package

* Functions #22 test_summary

= Classes wnhannTact T
typhoon.test.signals.filtering Package —r

= Functions From
typhoon.test.ranges Module - e reaen

= Functions

hoon.testharmonic Package _ _ " _ <

Typhoon HIL
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EMR component library

Available on THCC Package Manager Marketplace

Package Manager - u X
Installed = Marketplace oo 1 Install
ool , : ,
- ~ —— Energetic Macroscopic Representation Download
EMR
AIT HIL Controller Install latest Author: Typhoon HIL
T
https://www.typhoon-hil.com/
EA -
" i@ Danfoss MyDrive HIL Install latest Version: | 0.1.0 (latest) b
'O_R Energetic Macroscopic Representation nstalled Energetic Macroscopic Representation (EMR) is a graphical tool used to organize simulation models. EMR formalism is based on action
reaction principle, which organizes the system model as interconnected subsystems according to the integral causality. An inversion of this
ev ][ EV charging twin Install latest description leads to macro-control blocks.
EMR formalism has been introduced for research and development in complex electromechanical drives by Professor Alain Bouscayrol.
Eﬁ EVSE generic with OCPP in SCADA Install latest
Additional information about the EMR methodology and its applications can be found at the EMR website hosted by the University of Lille.
i— HIL Academy Course - Digital Control of Grid-Tied Converters nstalled

Typhoon HIL




Thanks for your attention !
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