
The most powerful HIL ever.  With 8 processing cores, 64 analog 
outputs, 64 digital inputs and 8 lane gigabit/s serial link it is tai-
lored for the most demanding Microgrid and power electronics 

controller test, verification, and pre-certification tasks.

www.typhoon-hil.com

Typhoon HIL604.

Microgrid and Power Electronics Experts
The only HIL made for 



Typhoon HIL604.
Deploy the most powerful ultra-high fidelity Hardware in the Loop system 

for the most comprehensive microgrid and power electronics controls 
test, verification, and pre-certification.

Applications
Typhoon HIL604 real-time power electronics 
emulator is an ideal tool for development, test-
ing, optimization, and quality assurance of grid 
connected converters (i.e. PV, wind, active fil-
ter), automotive converters, electric propulsion 
drives, micro-grids, and industry automation.

Easy to use software tool-chain
User friendly and intuitive software is easy to 
use and master, even for first time users. Build 
your models and perform sophisticated test 
scenarios, in the comfort of your office, in four 
simple steps:

1.  Define converter model in the schematic 
editor and compile circuit with one click.

2.  Run the model from the simulation control 
center and change sources, toggle contac-
tors, load machines etc.

3.  Capture signals, zoom in, and explore the 
waveforms around critical events.

4.  Automate steps 1 to 3 via Python test scripts 
and let the HIL604 comprehensively test 
your controller around the clock.

Features and Benefits
•  Unleash the newest 8-core processor HIL 

for real-time emulation of up to 8 con-
verters.

•	 	Test	your	controller	with	20	ns	PWM	resolu-
tion ultra-high fidelity HIL.

•	 	Emulate	your	power	stage	with	up	to	2	MHz	
update rate.

•	 	Quickly	find	problems	and	debug	your	con-
troller with new Scope/Capture Function.

•	 	Dive	into	your	signals	with	1	Megapoint	cap-
ture record length for all 64 channels.

•	 	Interface	your	controller	via	64	analog	out-
puts, 32 analog inputs, 64 digital inputs, and 
64 digital outputs.

•	 	Build	converter	models	using	our	extensive	
library	of	power	electronics	components	and	
prepackaged examples.

•	 	Automate	testing	with	Python	scripts	for	
the most comprehensive control software 
testing.

•	 	Connect	to	host	PC	via	Ethernet	or	USB2.0	.



HIL604 highlights.

Test your controller with high 
fidelity, 20 ns sampling HIL.

20	ns	PWM	resolution	combined	with	1ms 
latency	enables	the	most	realistic	power	elec-
tronics controller test and development. For 
converter switching frequencies up to 200 kHz 
emulation error and latency are so small that 
it	is	difficult	to	tell	the	difference	between	real	
converter and HIL emulator measured wave-
forms.

Automate testing with Python: 
the ultimate ease of use.
Automate controller testing processes with 
Python scripting and HIL604 platform. Discov-
er the most comprehensive power electronics 
control software testing environment where 
fault	injection	such	as	grid	disturbances,	short	
and open circuits are just one Python com-
mand away. Use Python scripting and rich 
math	function	library	to	quantify	system	per-
formance in spectrum of operating conditions 
under standard operating conditions and fault 
conditions (internal and external).

Zoom in voltages and 
currents with Scope/Capture 
Function’s microsecond 
“microscope.”

Quickly	debug	control	code	with	deep	mem-
ory scope/capture function. Trigger on fault 
injection events and quantify the converter 
system	response.	With	1	Megapoint	capture	
record length, on all 64 analog channels, and  
1 MHz sample rate even tiny glitches in modu-
lator algorithm are quickly identified.

Ultra-high	fidelity:	magenta:	real	boost	MPPT	converter	
current;	green:	HIL	boost	current;	dark	blue:	real	boost	
inductor	voltage;	light	blue:	HIL	inductor	voltage.

Capture	HIL	signals	to	quickly	detect,	debug,	and	 
characterize your controller performance.

Automate testing with Python scripts to comprehensively 
and	reproducibly	test	and	qualify	all	your	controllers.	



Typhoon	HIL	Microgrid	Testbed.
Complete HIL solution for micro-grid control system development, 

testing, and pre-certification.

MicroGrid HIL solution.

HIL604 provides the most comprehensive envi-
ronment for design and testing of controllers for 
micro-grid power electronics converters.  Ty-
phoonLink-Gigabit	per	second	serial	link-enables	
seamless connection of 16 HIL604 units into one 
unified HIL system that can simulate more than 
hundred power electronics converters.
				Whether	you	are	testing	a	single	converter	con-
trol or multiple converter control (centralized or 
decentralized) HIL604 in the cluster configuration 
provides a unified environment that is as easy to 
use as if you were working with single HIL unit.   
Compile schematic diagram from the Schematic 
Editor; control the real-time emulation process via 
HIL Control Panel; quickly access all simulated sig-
nals via the Scope/Capture function-the same way 
as if you were using a single HIL.  Finaly, automate 
testing with Python scripts via Typhoon API.  

Features and Benefits

•	 	Connect	16	HIL604 units in HIL Microgrid 
Testbed configuration

•	 	Deploy	128	real-time	computational	cores	as	
one	unified	HIL	real-time	emulation	fabric.	

•	 	Test	one	or	multiple	controllers	in	micro-grid	
environment	for	both	centralized	and	decen-
tralized micro-grid control configurations.

•	 	Test	both	lower	level	and	application/mi-
cro-grid level control layers.

•	 	Interface	seamlessly	via	Modbus,	IEC	61850,	
Ethernet and AIO and DIO.

•	 	Automate	test	and	pre-certification	process-
es with Python scripts via Typhoon API.



MicroGrid Energy storage converter.
Develop Micro-Grid energy storage converter control system.

Energy storage inverter.

In this case, a complete control software for a bat-
tery energy storage inverter system is developed 
using HIL. Complete micro-grid is simulated with 
the HIL604	Microgrid	Testbed.	Micro-grid model 
implemented provides the most realistic environ-
ment for development and testing of micro-grid 
power electronics systems.    
    In this system micro-grid model comprises 
intermittent photovoltaic power source, perma-
nent	magnet	synchronous	machine	wind	turbine	
generator, diesel powered synchronous generator, 
variable	speed	motor	drive,	resistive	load,	nonlin-
ear current load, utility grid and main contactor 
that	emulates	both	grid-connected	and	off-grid	
operational	regimes.	A	truly	flexible	and	easy	to	
use ultra-high fidelity real-time simulation environ-
ment.

Test, optimize, pre-certify.
    
Control loops design and optimization for the ener-
gy storage inverter is done on an industrial con-
troller platform directly interfaced with the HIL604  
via HILConnect.	All	controller	functions—i.e.	PWM	
modulator, PLL, current and voltage control loops 
etc.—as well as protection and high-level control 
functions (i.e. dynamic grid support) are tested for 
different operating conditions.
    Indeed, HILCluster is ideal for test and pre-certi-
fication of micro-grid power electronics converter 
controllers.  Automated test scripts cover a spec-
trum of test cases (including fault conditions and 
system	unbalance)	that	provide	a	cost	effective	
solution for compete test and verification of con-
trol system performance.  In addition, HIL Micro-
grid	Testbed	provides easy to use development 
and test environment for system level micro-grid 
controller.
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Unified HIL Software Environment.
Experience integrated HIL software with automated testing.  

Intuitive and easy to master, our software provides a unified environment 
for power electronics design, test automation and quality assurance.

Unified experience.

Model power electronics converters in our 
simple	power	electronics	editor	using	a	library	
of passive elements, converters, sources and ma-
chines.		With	only	one	click,	rapidly	compile	the	
circuit	into	machine	code	that	is	executable	on	
our HIL hardware.  Open the HIL control panel 
to load the compiled model onto the hardware 
and launch the real-time simulation. Select sig-
nals you want to see on the scope and change 
sources and parameters for a fully interactive 
experience.	With	python	script	editor,	automate	
your test processes  and generate test reports, 
hands-off.

Discover simplicity.

•			Vector	graphics	circuit	editor	with	examples.

•			Library	of	power	electronics	circuit	elements.

•			One	click	circuit	compilation.

•			Interactive	control	of	real-time	emulation.

•			Dynamic	routing	of	all	signals.

•			Waveform	editor	for	source	definition.

•			Software	control	of	digital	inputs.

•			Automatic	testing	via	Python	Scripts.

•			Library	of	test	scripts	for	testing	grid

    compliance, protection etc.

•			Python	API.

•			Automatically	generate	HTML	test	reports.

HIL Control Center

Scope and 
Capture

Schematic EditorHIL Control Panel

Script Editor



HIL Automatic Testing.
Test your power electronics controls until you run out of ideas, not time 
and money.  With Python and API write test script libraries to test your 

designs under all operating conditions, faults, and corner cases.

Automate testing with ease.

Typhoon	Script	Editor	enables	you	to	build	and	
execute	test	libraries	to	exhaustively	test	all	
aspects of a controller. Program test sequenc-
es under a spectrum of operating conditions, 
including faults. For grid connected converters 
test dynamic grid support, i.e. low voltage ride 
through, active and reactive power injection, 
protection	etc.	Use	the	library	of	test	scripts	to	
test against dynamic grid support standards 
such	as	German	BDEW,	UL1741	SA	etc.	In	drives	
applications, program various drive cycles 
and	test	fault	responses	under	both	internal	
and external faults.  For example, inject short 
and open circuit faults, switch faults, and test 
against parameter variations. Define perfor-
mance envelopes and verify the system compli-
ance.

The power of API.

Typhoon API comprises: HIL Control Panel API, 
Schematic Editor API, Texas Instruments DSP 
Control Panel API, and Test Executor. HIL Control 
Panel API provides an interface with the tar-
get	HIL	and	enables	control	of	the	simulation	
process	and	all	functions	available	through	
Control Panel. Schematic Editor API provides 
programmatic interface to manipulate existing 
schematic	diagrams.	It	enables	changing	circuit	
parameters, compiling a circuit, setting target 
hardware platform, time step, simulation meth-
od etc. Texas Instruments DSP Control Panel API 
provides programmatic interface to control TI 
docking station and change controller param-
eters. Test Executor Test enables	running	one	or	
more python scripts and generates html report 
files with test results.

USB/Ethernet

Typhoon Script Executor/Editor

Gateway
Profibus

CAN

Digital I/O Analog I/O



TYPHOON HIL REAL TIME EMULATOR 
Model : HIL604 

 

TECHNICAL SPECIFICATIONS 
 

A. REAL TIME EMULATORS (HARDWARE) 
1. Processors : 

o Main Processor : 8-Core FPGA for enabling short compilation time and low latency for small time-step, simulation. 
o Co-processors: 2x ARM, for simulation in signal domain. 

2. System Capability : 
o Controller HIL and real-time simulation of maximum 8 switching converter models (3ph, 3 levels) with simulation time-

step down to 500ns. 
o Controller HIL and real-time simulation of maximum 40 averaged converter models (3ph) with simulation time-step 

3. Option for External Interface : In-built I/O 
o 32 Analog outputs fully selectable with ± 10V range, 1 MSPS update rate, 16-bit resolution and 1% accuracy, ± 24V 

Tolerant ESD protection. 

o 64 Analog inputs fully selectable with ± 10V range, 1 MSPS update rate, 16 bit resolution, 1% accuracy, ± 24V Tolerant 
ESD protection. 

o 64 Digital outputs with at least 12 channels capable for PWM modulation with 7ns resolution, ± 24V Tolerant ESD 
protection. 

o 64 Digital inputs, 50MHz sample rate with 20ns sampling resolution on all channels, ± 24V Tolerant ESD protection. 
4. Academic Package Added Capabilities : 

o The simulator supports multiple configurations without making any physical changes into hardware. 
o Free Firmware update is made available for all supported configurations by Simulator during support. 
o Connectivity: Ports for communication over standard communication protocols, including USB, Ethernet/IP, CAN, 

Modbus, IEC61850 Goose. 
o Scalable to multiple units (In case multiple device cascading is required in the future). 
o Option for Time synchronization i.e.PPS and IRIG-B inputs. 

o Input Power supply is 230 Volts, 50Hz. 
 

B. Simulation Software with Real Time Interface : Simulator is not dependent on any third-party simulation 

Software. It has own simulation software with below mentioned specifications: 
o Permanent software license for modelling as well as for Real-time Interface with free firmware updates and an 

unlimited number of software users. 
o Academic premium toolbox package with Graphical User Interface (GUI/SCADA). 
o Modeling environment for plant as well as Signal Processing with embedded library of components and toolboxes 

like, i) Converter toolbox, ii) Microgrid toolbox, iii) Power System toolbox, iv) Signal processing toolbox, v) Test 
Suite and vi) Communication toolbox having IEC61850, UL 1741, CAN Bus protocol, Ethernet, DNP3, MOD Bus 
protocol etc. 

o All the switching components in library have Internal (for simulation and real-time simulation) or external (HIL 

simulation) both control option during modeling. 
o Ability to run Plant simulation without controller if required for feasibility testing of plant. 

o High resolution built-in real time signal monitoring oscilloscope with 16 channels. 
o Dedicated solvers for switching devices, machines, signal generators, LUTs, etc. are available with simulation software. 
o Simulation of numerical signals with multiple execution rates 
o Test environment for testing models and generating Test-Reports. 
o Scripting Environment based on python. In-built API for automation as well as for communicating with other 

simulation software. 
o Option for importing code generated for controller from simulation software like MATLAB, Simulink, LabView, PSIM 

etc. 
o Option for importing .dll files generated from PSCAD, EMTP, PSSE-DigSilent etc. 

 

C. The laboratory resources listed above is suitable for the following applications: 
1. Grid connected converter applications. 

2. Power System and its applications 
3. Renewable energy applications. 
4. Microgrid and Smart Grid applications. 

5. Parallel and Multilevel converter topologies. 
6. Electrical and industrial drives applications. 
7. Electric Vehicle Application 

8. Pre-certification of smart inverter controllers. 
 

*Specifications are subject to change without notice* 

down to 500ns. 
o Real-time simulation of 150+ (3-phase) nodes/busses with full complexity at starting from 3μs to 1s simulation time-step. 

o Real time simulation of power electronic converters with switching frequency of up to 200 KHz. 



Typhoon HIL, Inc.
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