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Home !  Support !  Application Notes


Power Electronics
Testing Application
Notes


Here you will find application notes (app note)


for test solutions that our power electronic test


systems & instruments provide. If you don't


see an app note below for your particular


application please contact us and speak to a


power electronic test systems & instruments


product expert for more information.


We are available from 7:30 a.m. to 4:30 p.m.


PST, please feel free to contact us. Thank you


for choosing NH Research, Inc. We look


forward to serving your power electronic test


equipment and test solution needs.
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' LVRT Testing in Solar PV
Inverters & Grid Tied Systems


'


' The Fundamentals of
Battery Pack/Module Test


'


' EV Powertrain Testing
Challenges & Solutions
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' Aerospace Electric Aircraft
Test Solutions


'


' Regenerative Loads &
Sources: Removing the Cost of


Heat


'
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Home !  Products !  Battery Emulators


Testing with Battery
Emulation


NH Research, Inc.’s (NHR) is an industry


leader of battery test solutions. NHR’s battery


emulators include the High-Voltage Battery


Emulator (9300) Series and Medium Voltage


Battery Emulator.


NHR’s battery emulators are used to emulate a


battery rather than using a real battery which


dramatically reduces testing time, provides


highly repeatable test results, and creates a


safer test environment. Battery emulation (or


simulation) eliminates preparation time,


operator errors, and result variations due to


battery temperature or aging. It substantially


reduces test time, energy consumption and


operating costs.


Not all battery emulators, regenerative DC


sources and DC common bus architectures


are optimally designed to provide accurate and


timely results. NHR’s unique battery emulation


capabilities provide faster, scalable and more


repeatable testing.


The 9300 and 9200 series is ideal for testing


using battery emulation or simulation. The


electronically programmable “Battery


Emulation” mode, allows for a battery to be


simulated at any state of charge. This unique


battery emulation and battery simulation


technology sets NHR’s battery test solutions


apart from the competition.


Key Features:


▪ Modular and Scalable Power


▪ Regenerative Power > 90% Energy


Efficiency


▪ Wide Operating Envelope


▪ Fast Response Times


▪ High Performance Hardware


▪ Advanced Built-in Measurements


▪ Power of Choice: Enerchron Test Executive,


Work with Your Favorite Integrator, or Write


Your Own Software


▪ Easy 3rd Party Integration (CAN, BMS, DAQ


options)


▪ Multiple Layers of Safety


Model Comparison


App Note: Battery Emulation !


Bi-directional Power Supplies vs.
Battery Emulator !


Battery Emulation Test
Applications


As electrification is evolving to higher power


demands, the ability to emulate a battery or


energy storage systems with speed and


accuracy is critical. Using batteries as power


sources for testing is an extremely time-


consuming and costly challenge across


industries including EV, aerospace, energy


storage and renewable energy markets.


Testing with batteries can delay projects,


increase safety risks and hinder engineering


productivity.


Applications include testing battery/fuel cell


emulation, DC power emulation, EV


powertrain, propulsion systems, DC Fast


charger, Solar/PV and energy storage


systems. Unlike bi-directional power supplies,


our battery cyclers are designed to simulate


batteries through the hardware and software.


Battery Emulation: Key
Considerations


Unlike other battery simulators or bidirectional


power supplies, NHR’s next generation battery


emulators are specifically designed to emulate


a battery’s characteristics to provide real world


performance.


NHR’s battery emulators provide the following:


▪ Bidirectional approach that is isolated to


handle back EMF for safety and protection


▪ A series resistance model to simulate a


battery accurately


▪ Low output capacitance for dynamic and


accurate simulation of output voltage changes


▪ Modular and scalable power to address


changing voltage needs


▪ Fast response time in hardware and


software to ensure high performance of real


world conditions.


▪ Easier integration and software control to


test entire systems


▪ Reduced complexity for test set up and


testing


Webinar: Battery Emulation for EV
Testing "


Get Accurate &
Repeatable Test Results


A key feature of battery emulation is having a


built-in programmable series resistance with


low-capacitance.


Battery emulators with low output capacitance


provide accurate simulation of series


resistance effects, allowing the output voltage


to adjust proportionally to changes in current.


By comparison, many regenerative power


supplies have high output capacitance to


reduce noise output. This high output


capacitance disrupts the series resistance


models and actually negates the functionality


of a programmable series resistance. As a


result, high output capacitance can lead to


inaccurate battery simulation.


Real World Results


Customer results show a 70% reduction in


total test time by replacing real batteries using


battery emulation.


Testing with a 48 V Battery


Testing with NHR's 48 V Battery Emulator


Performance
Demonstration of Series
Resistance Effect (RINT
Model)


As in a real battery, NHR’s battery emulators


adjust the output voltage depending on the


direction and amplitude of current flow. Current


is shown as red in Figure 4, starting with


current being drawn from the simulated battery


(50A), increasing to a higher current (100A),


and finally dropping to zero. The output was


set to simulate 5mΩ of resistance, and the


output voltage (shown in blue) shows the


output tracking these current changes and


providing the appropriate terminal voltage


drop. This automatic adjustment Voltage (V)


Current (A)of output voltage better simulates


real-world battery pack characteristics


especially when compared with common DC-


bus and source/load simulation systems.


Programmable Series Resistance
NHR’s battery emulators (or simulators) have a


programmable series resistance is built into


the hardware vs. only the software. This


ensures accurate testing of real world


conditions. As in a real battery, NHR’s battery


emulators adjust the output voltage depending


on the direction and amplitude of current flow.


The RINT Model vs. Other Models


NHR's Battery Emulators
Reduce Test Time by
More than 70%


Customer results show a 70% reduction in


total test time by replacing real batteries using


battery emulation.


Testing with Real Battery Versus Using
Emulation


Easy Integration:
Software Control Options
& Integration Partners


All NHR battery emulators can be easily


integrated into existing test platforms or as the


power stage for new test platforms. To achieve


this, NHR provides fully documented drivers


using either IVI or SCPI languages along with


examples, applications, and integration


support. NHR also has a number of solution


partners who are familiar with our hardware


and can deliver a full turn-key test system.


These integrators develop fully custom


systems utilizing your specified hardware


sensors and components.


Products
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NEW Download: Battery Test Solutions Product


Guide


NHR Launches
Regenerative Grid
Simulator


The 9510 Regenerative Grid Simulator is the


next generation AC test solution for testing and


verification of all grid-tied applications in


compliance with regulatory testing standards,


worldwide. The built-in power amplifier mode


for Power Hardware in the Loop (PHIL)


applications provides further testing and


simulation capability ideal for research labs.


Key Features:


▪ Modular and Scalable Power


▪ Widest True-Power Operating Envelope


▪ Optimized for PHIL


▪ High Accuracy Current Measurement


▪ Highest Power Density


▪ Optional 4-Q AC Load


Learn More


What NHR Offers


NHR’s solutions provide the performance,


simplicity, and safety that engineers and


researchers desire. NHR is a leading


manufacturer of power test instruments and


systems for a variety of industries and


markets.


#
Designed for
Ease of Use


Industry Solutions


NHR enables electrification by accelerating


innovation, validation and functional test of


today’s technologies. Backed by over 50 years


of experience in power conversion and power


supply test systems we provide world class


test instruments and systems.


View All Solutions


Automotive & E-mobility Test


NHR provides Electric Vehicle (EV) test equipment


and software for individual components and systems


including EV battery modules/packs, electric


powertrain, DC fast chargers and EV power


electronics.


Battery


NHR is a leading manufacturer of battery test


equipment and system solutions for all battery


chemistries, fuel-cells, super capacitors, and energy


storage systems.


Next Generation Battery
Test Solutions


NHR Battery Test Systems easily integrate


with your existing assets or future test


requirement set-ups. Battery testing typically


involves additional components such as


communication modules, temperature


chambers and chillers, and other power


sources which factors into test requirements.


View All Products


Battery Emulators


Battery test equipment and system


solutions for all battery chemistries, fuel-


cells, super capacitors, and energy


storage systems.


View Systems


Battery Module/Pack
Test Systems


Dramatically reduce testing time, provide


highly repeatable test results, and create a


safer test environment.


View Systems


Test & Measurement
Software


Manage multiple lab and production test


setups using a top level S/W solution


capable of monitoring and controlling


remotely.


View Software


Succes Stories


View Success Stories


Our engineering value to customers is the


ability to benchmark an entire vehicle from


the component to the system level…


E-mobility Subject Matter Expert


Electric Vehicles Industry


Read More


News & Resources
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Home !  Industries


Enabling Electri-cation,
Your Partner in Test


NH Research (NHR) enables electrification by


accelerating innovation, validation and


functional test of today’s technologies. Backed


by over 50 years of experience in power


conversion and power supply test systems we


provide world class test instruments and


systems. Our solutions provide the


performance, simplicity, and safety that


engineers and researchers desire.


Automotive & E-mobility Test


NHR provides Electric Vehicle (EV) test


equipment and software for individual


components and systems including EV battery


modules/packs, electric powertrain, DC fast


chargers and EV power electronics.


View Solutions


Electric Aircraft Test


NHR provides power test equipment for


electric aircraft components and systems


including battery modules/packs, electric


propulsion and power electronic systems.


View Solutions


Battery


NHR is a leading manufacturer of battery test


equipment and system solutions for all battery


chemistries, fuel-cells, super capacitors, and


energy storage systems.


View Solutions


Military & Defense


NHR provides ATE-friendly test equipment that


serves both traditional and modern military and


defense applications for land, air, and sea.


View Solutions


Renewable Energy & Microgrid
Test


NHR provides power test solutions across the


microgrid for testing new power management


systems, solar (PV), energy storage systems


(ESS), distribued generation (DG), electric


vehicles, DC fast chargers, and the utility grid.


View Solutions


Power Conversion Test


NHR provides high performance test


equipment ideal for design verification,


engineering characterization and functional


testing of power conversion devices which


often require testing at high volumes.


View Solutions


Industrial Power


NHR provides industrial power test equipment


for electric construction equipment, industrial


electric utility vehicles, electric power tools,


heavy duty electric machinery, and robotics.


View Solutions
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Home !  Industries !  Automotive & E-mobility


Electric Vehicles & E-
mobility Test Solutions


NH Research (NHR) provides Electric Vehicle


(EV) test equipment and software for individual


components and systems including EV battery


modules/packs, electric powertrain, DC fast


chargers and EV power electronics.


With the accelerated growth of electric


vehicles, engineers must address new testing


challenges. Voltage and power levels are


transitioning from a traditional 300/400VDC to


800/1000VDC. Higher voltages permit faster


EV charging and increase power transfer while


reducing vehicle weight. These factors are


driving the development of higher performing


EV batteries, electric drive-trains, power


converters, inverters and faster chargers.


Today’s EV test equipment needs to provide


modular, scalable power, fast transients and


integrated safety to address these changing


test requirements.


Webinar: Testing EV Components
Systems !


App Note: Electric Powertrain "


Webinar: Electric Powertrain !


Electric Powertrain Test
Solutions


NHR’s battery emulation approach to testing


the electric powertrain provides fast-transient


speeds and accuracy to emulate real-world


conditions for energy storage (battery) and


wheel power. NHR's 9300/9200 Battery


Emulator accepts back EMF and prevents


safety hazards. The isolated input and output


paths eliminate single points of failure and


unstable conditions. This highly modular and


scalable  test solution meets current and future


power requirements of electric powertrain


systems.


▪ High Voltage Battery Emulator up to 2.4 MW


- 9300 Series


▪ Med Voltage Battery Emulator up to 21


channels - 9200 Series


Learn More


Next Gen EV Battery
Module/Pack Test
Solutions


NHR’s Battery Test Systems enable modular,


scalable power for rigorous EV life-cycle, drive


cycle and performance testing. NHR’s 9300


High Voltage Battery Test System provides a


dual power range (600 V, 1200 V) and can be


scaled up to 2.4 MW in 100 kW building


blocks. NHR’s 9200 Battery Test System has


a multi-channel capability (up to 21 channels)


with the capability to mix and match voltage


and current levels at lower power ranges.


▪ High Voltage Battery Test System - 9300


Series


▪ Med Voltage Battery Test System - 9200


Series


Learn More


App Note: Fundamentals of Battery
Test "


Guide: Battery Test Solutions "


App Note: Battery Emulation "


DC Fast Charging Test
Solutions


DC fast charging infrastructure now operates


at higher voltage levels to accommodate faster


charge times and larger electric vehicle


batteries. Using batteries as power sources for


testing fast charger systems is extremely time-


consuming and costly. NHR’s bi-directional DC


source can safely emulate an electric vehicle


DC fast charger or a high voltage battery pack


that can accept fast charging. The ability to


emulate a wide range of vehicles, regardless


of its battery characteristics and power levels,


dramatically simplifies test. NHR's unique


battery emulation capability can substantially


reduce test time, energy consumption and


operating costs.


▪ High Voltage Bi-directional DC Source -


9300 Series


▪ Med Voltage Bi-directional DC Source -


9200 Series


Learn More


EV Power Electronic
Components Test
Solutions


NHR provides electric vehicle test equipment


for power electronic components including


AC/DC loads and sources. Applications


include the EV on-board charger (OBC),


EVSE, APM, DC-DC converter, etc. Our AC


loads are ideal for simulating any inductive,


capacitive or resistive load while our DC Loads


are ideal for fast transient inrush simulations.


The 9430 Regenerative 4 Quadrant AC Load


has the capability of simulating almost any


linear or non-linear load.


▪ Bi-directional DC Source - 9200/9300 Series


▪ Regenerative Grid Sim/AC Source - Model


9410/9420


▪ AC Loads


▪ DC Loads


App Note: EV Test Solutions "


Guide: Fuel Cell EVs "


Guide: EV Test Solutions "


Heavy Duty Electric
Trucks, Buses & Fleet
Test Solutions


NHR’s advanced test equipment is ideal for


designing, manufacturing and servicing electric


and hybrid heavy duty trucks, buses and


commercial fleets. Modular, scalable test


solutions range from EV batteries and fuel


cells, to power electronics and electric


powertrain systems. As adoption increases,


electric fleet service centers need to be


equipped to test at higher power levels and


higher volumes on demand. NHR's test


solutions include battery testers, battery


emulators, AC/DC loads and sources.


▪ Fuel Cell Test Solutions


Learn More


E-Mobility Test Solutions
for Electric Utility
Vehicles, Scooters & E-
bikes


NHR’s e-mobility test solutions are ideal for


R&D and manufacturing of utility electric


vehicles, scooters, golf carts, and e-bikes.


New electric transportation solutions for


campus management and urban commuting


require testing individual components and


entire systems. Our next generation battery


cyclers, battery emulators, AC/DC loads and


AC/DC sources provide comprehensive test


solutions for simulating real world conditions.


Applications include testing batteries, drive


train/motors, power electronics, and charger


technologies.


Utility Grid & V2G Test
Solutions


Test the impacts of electric vehicles on the


utility grid and vehicle-to-grid (V2G)


technologies. Test equipment simulating the


bidirectional power flows to and from the grid


substantially speeds up test time and reduces


energy costs. NHR's 9410 Regenerative Grid


Simulator is used to simulate the utility grid


while NHR's 9300 Bi-directional DC Source is


used to emulate the EV battery, energy


storage system, or fast charger. NHR's 9430


AC Regenerative Load is used to simulate any


inductive, capacitive or resistive load. This


combination is an ideal test solution for IEEE


1547, UL 1741, and similar grid-tied standards


as well as impact studies around the globe.


▪ Regenerative Grid Simulator - Model 9410


▪ Regenerative 4 Quadrant Load - Model 9430


▪ Bi-directional DC Source - 9300 Series


Resources


Webinar Electric Powertrain


App Note: Electric Powertrain


Article: Testing Fuel Cell EV
Applications
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Home !  Landing !  Landing – Webinar Watch (Form)


Watch Our Free
Webinars!
Access Our Educational
Webinar Series


Access NHR's series of webinars that help


educate our customers across a wide range of


markets and industry applications. Our


application experts present on advanced test


solutions and approaches related to


electrification including electric vehicles,


aerospace and defense, energy storage and


renewable energy.


Fill in the fields below to watch your FREE


WEBINAR. Please submit your "company


email address" or email


sales@nhresearch.com for help.


Register Now
Fields marked with a * are required.


First Name *


Last Name *


Job Title *


Company *


Email (Company Email Address) *


Phone *


Address * 


City * 


Country * 


Select Country


Yes, I Would Like to Receive News from NH


Research (NHR).


How Did You Learn About Us? *


 Google Ads


 Colleague Referral


 Search Engine


 Social Media


 Tradeshow


 Webinar


 Other (Fill In Box)


 


# Click "Submit" once, please allow time for


processing.


$ By clicking "Submit", you are providing NH


Research, Inc. with your personal data. For


more information on how we use your personal


data please read NHR's Privacy Policy.


reCAPTCHA
I'm not a robot


Privacy  - Terms
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9510 Regenerative
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9430 Regenerative
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9420 AC Power
Source


Battery Test Solutions
Product Guide


Electric Vehicle Test
Solutions Product


Guide


Renewable Energy &
Microgrid Test


Solutions Product
Guide


LVRT Testing in Solar
PV Inverters and Grid


Tied Systems


Bi-directional Power
Supplies vs. Battery
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Battery Test Safety
Requirements
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AC Load Testing
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Electric Aircraft Test
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Opportunities


Using Battery/Fuel
Cell Emulation for
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Chargers &
Powertrains


Bi-directional Test
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the Impacts of
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A123 Systems Selects NH Research
9200 Battery Test Systems for


Module and Pack Testing


The Ideal Regenerative Grid
Simulator for Microgrid Testing


Regenerative AC Load with 4
Quadrant Functionality


EVs Charging - NH Research (NHR)
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Home !  Products


Power Electronics Test
Instruments & Systems


NH Research (NHR) is a leading manufacturer


of power electronics test instruments and


systems for the automotive, aerospace and


defense, battery/energy storage, renewable


energy and power conversion industries. Our


application test solutions provide modular


configurations, expandable power, integrated


safety features, wider operating envelopes,


built-in measurements, and faster transient


response-times. We enable you to confidently


push the boundaries of test.


Battery Emulators & Simulators


NHR’s battery emulators are used to emulate a


battery or DC Power. Applications include


testing components and systems such as


powertrain, DC fast charging, satellites, solar


PV, and energy storage systems.


View Systems


Battery Module Pack Test


NHR’s battery module and pack test systems


are used to test all battery chemistries, fuel


cells and super capacitors. We offer


comprehensive test solutions for R&D and


manufacturing.


View Systems


Battery Test Management
Software


Enerchron® is a powerful but easy to use test


executive created for battery testing to simplify


and accelerate your test automation.


View Software


AC & DC Electronic Loads


NHR’s programmable AC and DC loads are


flexible instruments that can be used in


customer built test systems.


View Loads


AC & DC Sources


NHR’s programmable AC and DC sources are


flexible instruments that can be used in


customer built test systems.


View Sources


AC & DC Regenerative
Loads/Sources


NHR’s AC & DC regenerative loads are high


performance, energy efficient test solutions


that reduce energy waste and provide


significant cost savings.


View Loads/Sources
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View Product Guide


We simplify test so you can focus
on innovation.


Test Instruments
& Systems
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Power Electronics
Testing Webinars


Application Test
Solutions & Approaches
NH Research is launching a series of webinars


to help educate our customers across a wide


range of markets and industry applications.


Our application experts present on advanced


test solutions and approaches related to


electrification including electric vehicles,


aerospace and defense, energy storage and


renewable energy. Please contact us to


request a specific topic. To register for our live


webinars, go to the events page.


#


Watch Our On-Demand
Webinars


Did you miss a webinar? You can read a


short description and watch our past


webinars by clicking on a webinar title


below. To watch the recording, click the


“Watch Now” button on the webinar’s


description page, complete the form


request and you will be immediately


directed to the recording.


$


Have a Question
Regarding Our On-
Demand Webinars?


Contact us today to learn more about


NHR’s on-demand webinar series.
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( AC Grid Emulation for Smart
Grid and EV Charging


)


( AC Load Testing Fundamentals


)


( Accelerate Battery Test
Automation with Enerchron


)


®


( Electric Powertrain Next Gen
Test Solutions (Intl. Edition)


)
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