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4800 Compact Battery Cycler

Applications
7 S —
4 1
S E@ 6%33 o -+
d W,
ELECTRIC ELECTRIC ELECTRIC ENERGY MARINE FUEL INDUSTRIAL TEST LABS
VEHICLES TRUCKS FLIGHT STORAGE CELLS
BEST FOR:

Battery cycling and emulation applications requiring low to mid-level power across research, validation, and production labs

KEY FEATURES:

= Fully integrated battery cycler: built-in isolation contactor relays, = Optimize battery connections to minimize hazards

pre-charge circuit, reverse polarity checker - Low output capacitance relay isolated from UUT
= Voltage models from 80VDC - Automatic soft-start re-charge function - Inrush Limiting
= Modular and scalable power (Parallel up to 165kW) * Power Hardware-in-the-Loop (PHIL) Capability
* High power density in 4U chassis = Air-cooled (no liquid cooling) provides simplified maintenance
= High Performance Source and Regenerative Load ® Advanced digital measurements
= Regenerative power > 90% (Typical) = Control options: touch panel and SCPI

= SiC-based technology
= Fast transient speeds: Slew Rate <1.6mS

= Modes: Charge/Discharge, Load, and Battery Emulation
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High Density, Small Footprint, Fully Integrated Battery Cycler

and Emulator

The NHR 4800 is a highly versatile and compact battery cycler capable of delivering high-power performance in a 4U chassis. The
multi-functional battery cycler can also serve as a DC source, DC load, battery emulator, and amplifier for power-level hardware-in-the-
loop (PHIL) testing. The NHR 4800 delivers up to 80VDC and 400A in a single unit while delivering scalable power ranging from 16.5kW
up to 165kW. The fully integrated battery cycler includes isolation contactor relays, pre-charge circuitry, and a reverse polarity checker.

In addition to battery cycling (sourcing and loading), the 4800 includes a wide range of additional operating modes including a built-in

battery cycling profile controller, Arbitrary Profiles (XY and Macros), Sinusoidal on DC, Maximum Power Point Tracking (MPPT) and more.
The battery emulation mode allows for accurate emulation of batteries or other bi-directional DC busses for test applications that use

batteries such as powertrain and propulsion, EV fast charging, and more. The PHIL feature provides additional testing capability that

is especially required in research applications. The versatile system with integrated safety features can replace multiple instruments
in research, validation, and production environments. The NHR 4800 can be operated from an integrated touch panel or using SCPI

commands in LabVIEW and Python.

An Auto-Ranging Operating
Envelope that Delivers

The 4800 provides a very wide operating envelope with higher
current and power capability to meet your testing needs. Unlike
traditional supplies which have a maximum power at only one
voltage/current, the 4800 output automatically adjusts providing
more current at lower voltages resulting in a much wider operating
envelope with a constant power curve. For example, the 80V model
provides up to 400A and 16.5kW of power (Figure 1) far exceeding
the power capabilities of competitive auto-ranging models.

ni.com
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4800 Compact Battery Cycler Specifications

Power

Voltage Ranges

16.5kW at 480VAC, reduced power of 13 KW at other input voltages

80V Maximum Current 400A

Voltage Regulation Capability

Accuracy
Programmable Range

Line Regulation

0.05% Set + 0.05% Range Measurement: 0.05% Reading + 0.05% Range Resolution 0.005% Range

0 - 102% Rating Rise Time (+ 90%) < 4 mS

0.05% Range

Current Regulation Capability

Accuracy
Measurement

Programmable Range

0.1% Set + 0.1% Range Line Regulation 0.05% Range

0.1% Reading + 0.1% Range Resolution 0.005% Range Rise Time (+ 90%) < 4 mS

0 - 102% Rating

Power Regulation Capability

Accuracy

Range

0.12% Set + 0.12% Range Measurement: 0.12% Reading + 0.12% Range Resolution 0.005% Range

V Range * I Range Programmable Range 0 - 100% Rating

Programming Capability

Operating States
Regulation

Set Point Limits
Trip Point Limits
Macro Test Profiles

Development Source

Charge (Source), Discharge (Load), Standby, Battery Emulation, AC on DC, MPPT (Load), XY, Battery Test, Arbitrary,
Analog Control

Constant-Voltage (CV), Current (CC), Power (CP), Series Resistance (CR)

V Min/Max, I Max (per direction), W Max (per direction)

Touch-Panel, Import from Excel, or User’s System

Max. Step Delay 1 mS - 7 days

Max . Controller

Steps 1 profile up to 1000 or 2 profiles up to 500

Min.Time Delay 50 pS

Control

Touch-Panel with graphic meters and controls

Local User Int.
plus Macro screens

Ext. Sys. Comm. LAN (Ethernet) using SCPI

Analog Tnputs Two Analog I?puts also usable as additional DAQ
measurement input

Digital 4 Digital Inputs / 3 Digital Outputs

Physical (Single 4U Module)

Connectors Main power through buss bars

Cabinet Dim.

CHxWxD) 19” x 6.97” (4U) x 37.35” (incl. rack mount tab)

Cabinet Weight 115 LBS

Operating Temp. 0 - 35°C full power

Repeat Count

Analog Current
Monitor

Analog Voltage
Monitor

External Input

Software Watchdog

Input Power

Internal Mon.

Input Isolation
UUT Input

Isolation AC

1 - 1000 times (or continuous)

+10 V representing -10 V full range loading and
+10 V full range sourcing

0 to +10 V full scale voltage

External input Interlock input and power-off
(e0ff) input

Programmable

3o, 50 - 60 Hz, 380 VAC to 480 VAC a 22 A.
Output Power reduced below 360 VAC input

Over-Volt., Over-Current, Over-Power, Over-Temp

500 VDC UUT Output to Chassis

2500 VDC Mains to Chassis & Mains to UUT Output

**\/oltage as measured at input terminals of Power Module. Note: Waveform Measurement up to 64k Samples at up to IMegSamp/Sec

©2023 NATIONAL INSTRUMENTS. ALL RIGHTS RESERVED. NATIONAL INSTRUMENTS, NI, AND N1.COM

ARE TRADEMARKS OF NATIONAL INSTRUMENTS CORPORATION. OTHER PRODUCT AND COMPANY
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Product Brief

NHR 4800 Battery Cycler

A Highly Versatile and Compact Battery Cycler for Testing and Validation of Batteries, Fuel Cells,

Energy Storage Systems, and More!

High Density, Small Footprint,
Fully Integrated Battery Cycler
and Emulator

The NHR 4800 is a highly versatile and compact battery cycler
capable of delivering high-power performance in a 4U chassis. The
multifunctional battery cycler can also serve as a DC source, DC
load, battery emulator, and amplifier for power-level hardware-in-
the-loop (PHIL) testing. The 4800 delivers up to 80VDC and 400A
in a single unit while delivering scalable power ranging from 16.5kW
up to 166kW. The fully integrated battery cycler includes isolation
contactor relays, pre-charge circuitry, and a reverse polarity
checker. In addition to battery cycling (sourcing and loading), the
4800 includes a wide range of additional operating modes including
a built-in battery cycling profile controller, Arbitrary Profiles (XY
and Macros), Sinusoidal on DG, Maximum Power Point Tracking
(MPPT) and more. The battery emulation mode allows for accurate
emulation of batteries or other bi-directional DC busses for test
applications that use batteries such as powertrain and propulsion,
EV fast charging, and more. The PHIL feature provides additional

testing capability that is especially required in research applications.

The versatile system with integrated safety features can replace
multiple instruments in research, validation, and production
environments. The 4800 can be operated from an integrated touch
panel or using SCPl commands in LabVIEW and Python.

An Auto-Ranging Operating Envelope
that Delivers

The 4800 provides a very wide operating envelope with higher
current and power capability to meet your testing needs. Unlike
traditional supplies which have a maximum power at only one
voltage/current, the 4800 output automatically adjusts providing
more current at lower voltages resulting in a much wider operating
envelope with a constant power curve. For example, the 80V model
provides up to 400A and 16.5kW of power far exceeding the power
capabilities of competitive autoranging models.

s

EMERSON NI is now part of Emerson
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Applications

Electric Vehicles, Electric Trucks, Electric Flight, Energy Storage,
Marine, Fuel Cells, Industrial, Test Labs

Key Features
= Fully integrated battery cycler: built-in isolation contactor relays,
pre-charge circuit, reverse polarity checker
= Voltage models from 80VDC
= Modular and scalable power (Parallel)
= High power density in 4U chassis
= High Performance Source and Regenerative Load
= Regenerative power > 90% (Typical)
= SiC-based technology
= Fast transient speeds: Slew Rate <1.56mS
= Modes: Charge/Discharge, Load, and Battery Emulation
= QOptimize battery connections to minimize hazards
= | ow output capacitance relay isolated from UUT
= Automatic soft-start re-charge function - Inrush Limiting
= Power Hardware-in-the-Loop (PHIL) Capability
= Air-cooled (no liquid cooling) provides simplified maintenance
= Advanced digital measurements

= Control options: touch panel and SCPI

ni.com
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4800 Compact Battery Cycler Specifications

MODEL NUMBER

Power

Voltage Ranges

Voltage Regulation

Accuracy

Programmable Range

Line Regulation

80V
4808-16

16.5klN at 480VAC, reduced power of 13 KW at other input voltages

80V

Capability

0.05% Set + 0.05% Range
0 - 102% Rating

0.05% Range

Current Regulation Capability

Accuracy

Measurement

Programmable Range

0.1% Set + 0.1% Range
0.1% Reading + 0.1% Range Resolution 0.005% Range

0 - 102% Rating

Power Regulation Capability

Accuracy

Range

0.12% Set + 0.12% Range

V Range * I Range

Programming Capability

Operating States
Regulation

Set Point Limits

Trip Point Limits

Macro Test Profiles

Development Source

Max .
Steps
Min.Time Delay

Control

Local User Int.

Ext. Sys. Comm.

Analog Inputs

Digital

Measurement: 0.05% Reading + 0.05% Range

Measurement: 0.12% Reading + 0.12% Range

Maximum Current

Rise Time (* 90%)

Line Regulation

Rise Time (* 90%)

Programmable Range

400A

Resolution 0.005% Range

< 4 mS

0.05% Range

< 4 mS

Resolution 0.005% Range

0 - 100% Rating

Charge (Source), Discharge (Load), Standby, Battery Emulation, AC on DC, MPPT (Load), XY, Battery Test, Arbitrary,

Analog Control

Constant-Voltage (CV), Current (CC), Power (CP), Series Resistance (CR)

V Min/Max, I Max (per direction), W Max (per direction)

Touch-Panel, Import from Excel, or User’s System
Controller

1 profile up to 1000 or 2 profiles up to 500

50 us

Touch-Panel with graphic meters and controls
plus Macro screens

LAN (Ethernet) using SCPI

Two Analog Inputs also usable as additional DAQ
measurement input

4 Digital Inputs / 3 Digital Outputs

Physical (Single 4U Module)

Connectors

Cabinet Dim.
(HxWxD)

Cabinet Weight

Operating Temp.

Main power through buss bars

19” x 6.97” (4U) x 37.35” (incl. rack mount tab)

115 LBS

0 - 35°C full power

Max. Step Delay

Repeat Count

Analog Current
Monitor

Analog Voltage
Monitor

External Input

Software Watchdog

Input Power

Internal Mon.

Input Isolation
UUT Input

Isolation AC

1 mS - 7 days

1 - 1000 times (or continuous)

+10 V representing -10 V full range loading and
+10 V full range sourcing

0 to +10 V full scale voltage

External input Interlock input and power-off
(e0ff) input

Programmable

30, 50 - 60 Hz, 380 VAC to 480 VAC a 22 A.
Output Power reduced below 360 VAC input

Over-Volt., Over-Current, Over-Power, Over-Temp

500 VDC UUT Output to Chassis

2500 VDC Mains to Chassis & Mains to UUT Output

**\/oltage as measured at input terminals of Power Module. Note: Waveform Measurement up to 64k Samples at up to IMegSamp/Sec

System Integration on Your Terms

NI offers a variety of solution integration options customized to your application-specific requirements. You can use your own internal
integration terms for full system control or leverage the expertise of our worldwide network of partners to obtain a turnkey system.

To learn how you can increase product quality and shorten test timelines, contact your account manager or Nl at (888) 280-7645

or info@ni.com.
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Solution Brochure

EV Battery Cycler
and Emulator Portfolio

Future-Proof Battery Testing with Scalable Solutions
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Battery Cycler and Battery
-mulator for Modules
and Packs

NI's industry-leading battery cyclers are used by OEMs, top tier suppliers, and research labs
worldwide. Our selection of cyclers cover a wide-range of conditions to meet your evolving needs.

We provide high performance, easy to use, safe, and reliable solutions for the entire battery product
life cycle from R&D to production, end of life, and remanufacturing.

Whether you need a standalone tester or a fully integrated solution, our battery test experts are here
to help with a scalable path forward.

@ Flexible and Scalable Power C Built-in Safety Features
Future-proof investment with expandable power Mitigate safety risks with pre-charge circuit, reverse
and wide operating envelope. polarity checker, isolation relays, emergency stop,

and more.
. H)

[ e High Performance Hardware — NI's Software-Connected Approach
Optimize test and validation with fast transients Scale your battery lab through NI's optimized data
while simulating real-world conditions. analytic workflows and enterprise lab management

software.
ERS-BIC 600/1200V Overé?‘i“?t -
80 to 600A to 1200A ?ZE? ;e;oeeﬂ;; Fast (ms) IGBT Water Up to 4 Medium ® OO Large
600kW up to 2.4MW IP-54 rated
Mobile and
NHR-9300 600/1200V user-friendly;
100Kl 167A to 333A Expandable Fast (ms) SiC Air Single High ® C O Small
00 up to 2.4MW power; Easily
reconfigurable
HPS 17000 750/1500V High frequency
i 240A to 4gop oSt signal. very Fast ;0 Air Single High ® @O WMedium
150kW production; High  (sub-ms)
up to 1.5MW serviceability
FIGURE 1

NI's Pack-Level Battery Cycler and Battery Emulator Comparison
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Modules and Packs

Pack-Level

80kW to 600kW per channel up to 2.4MW.

100kW up to 2.4MW.

1560kW up to 1.6MW.

+/-1500V Differential Voltage Input.

ERS-BIC Advantages

Overload Capability and Fast Recovery: Dramatically increase peak loads with overload
capability up to 180% of power for 30 seconds (600kW system: 900kW overload).

High Power / Lower Cost: Expand power without linear cost increase.

Split Power and Multi-Channel Flexibility: Validate new pack designs with one or two
output channels and three operation modes: single, parallel and series.

Rugged: Test confidently in production areas with IP 54 protection from heavy dust
and dirt particles in industrial environments.

NHR-9300 Advantages

Mobile and User-Friendly: Move hardware easily within facility with door-sized cabinets
on wheels. Easily set-up, reconfigure, or service test stations efficiently and effectively.

Future-Proof Investments: Increase and split power incrementally at the cabinet level
with 100kW power blocks.

Maximize Lab Space: Optimize lab layout and save floorspace with high-power density
and small footprint.

Ease of Use: Quickly get started testing with pre-programmable pre-sets on large visual
panel. Switch easily between low and high voltages through a software mode.

HPS-17000 Advantages

Increase Battery Test Coverage: Test up to 1500V with high-frequency test signal production.

Layout Flexibility: Parallel Operation regardless of lab location via real-time
synchronization ideal for large, distributed deployments.

Application Coverage: Test HIL applications for batteries, inverters, and dynamometer
using time-stamped setpoint and measurement streaming at rates up to 100 kHz.

Increased Uptime: Swap out individual SiC-based power modules (PMSiC) for easy
maintenance and high serviceability. Run the system safely if one power brick needs repair.

BTS-16110 High-Voltage Battery Measurement Module

A network-based device that sits in the signal path between the battery and the cycler to provide
guaranteed voltage and current measurement accuracy required for long-duration tests.

= +/-1.6kVDC, 1kVDC CAT O Isolation, = 0.01% Reading + 0.005% Range
Up to +/-2kA System Current Accuracy

= 0.006% +10mV Typical Accuracy = 2-Year Calibration Interval

= 0.083% +100mV Guaranteed Voltage = 125 MS/s Acquisition Rate
Accuracy =  Continuous Background Calibration

= 0.01% Reading Gain + 0.001% Range During Test
Offset Device Current Accuracy

EV BATTERY CYCLER AND EMULATOR PORTFOLIO 04
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Module-Level

40V, 120V - 12kW up to 144 kW

80V, 16.5kW up to 165kW

NHR-9300
600/1200V
167A to 333A

HPS-17000
750/1500V
240A to 480A

ERS-BIC
600/1200V

600A to
1200A

NHR-9200 Advantages

Highly Flexible Configurations: Parallel up to 21 power modules that can test multiple
batteries with different parallel configurations, test programs, and start/stop times.

Mobile and User-Friendly: Move hardware easily within facility with door-sized cabinets
on wheels. Easily set-up, reconfigure, or service test stations efficiently and effectively.

Ease of Use: Quickly get started testing with pre-programmable pre-sets on large
visual panel.

NHR-4800 Advantages

Versatile, Compact, and Fully Integrated Battery Cycler: Built-in isolation contactor
relays, pre-charge circuit, reverse polarity checker

Auto-Ranging Operating Envelope: A very wide operating envelope with higher current
and power capability to meet your testing needs.

Maximize Lab Space: This truly versatile device with integrated safety features easily
replaces multiple instruments in the laboratory and reduces fixturing.

1CH @ 100kW

PARALLEL UP TO 2.4Mw

1CH @ 150kW
PARALLEL UP TO 900kW

PARALLEL UP TO 1.5Mw

4CH @ 160kW, 250kW, 325kW, 400kW, 500kW, 600kW
2CH a 160kW, 250kW, 325k, 400kW, 500kW, 6OOkW
1CH @ 250kW, 325kW, 400kW, 500kW, 60OkW

PARALLEL UP TO 2.4Mw

40V/600A
120V/200A

NHR-9200 M
L
L

NHR-4800
80V/400A

FIGURE 2

1CH a 12KW
3CH a 36KW

PARALLEL UP TO 144kW

1CH @ 16.5KW

PARALLEL UP TO 165kW

NI's Battery Cycler and Battery Emulator Portfolio
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The Software-Defined Lab

A Comprehensive Approach to Battery Test

We're revolutionizing how enterprises use battery test and data insights to drive product and business
performance. Scale your battery lab through NI's optimized workflows, enterprise lab management
software, and integration partners.

ENVIRONMENTAL CHAMBER

. IN-CHAMBER MEASUREMENTS |
DUT ‘

01 Connection to power
electronics, less rework

02 Scalable measurements at low
cost per channel

()3 Ruggedin-chamber
measurements

| - @4 Open, out-of-the-box or custom
L 1 | ‘ . CHILLER battery test software

‘ BATTERY TEST SOFTWARE @5 Ou§Fom|zed data dashboards for
facility management

. BATTERY CYCLER . MEASUREMENT RACK . DATA AND SYSTEM MANAGEMENT

IMPROVE THE PRODUCT

A DATA Y, AGTION

RUN THE LAB

= Automate and Streamline

A Y Workflows
RUN THE TEST .
o [ T i Utilization of Test Systems
Application E L L) E’
Software : aLel = Enhance Data Management

and Analysis

DESIGN VALIDATION PRODUCTION

EV BATTERY CYCLER AND EMULATOR PORTFOLIO 06





System Integration on Your Terms

NI offers a variety of solution integration options customized to your application-specific requirements.
You can use your own internal integration teams for full system control or leverage the expertise of our
worldwide network of NI Partners to obtain a turnkey system.

Contact us to learn more about how NI can help you increase product quality and accelerate

test timelines.

NI Services and Support

{@ Consulting and Integration @ Global Support
% Turnkey Solution Delivery and Support Prototyping and Feasibility Analysis
& Repair and Calibration 8% Training and Certification

©2023 NATIONAL INSTRUMENTS. ALL RIGHTS RESERVED. NATIONAL INSTRUMENTS, NI, AND NI.COM
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

7 T ! “
i - \\\
Ty lllli'i!!

Introduction

Traditional loads, either air-cooled or water-cooled, convert the unit-under-test’s (UUT) output power
into waste heat whereas regenerative loads recycles the UUT output power back onto the facility or
UUT in the form of usable electricity. This allows the test system to lower the total electrical usage
while significantly reducing waste heat. For example a regenerative load with > 90% efficiency would
return more than 90% of the UUT’s output power back to the facility and convert less than 10% of the
UUT power into heat.

“Regenerative loads recycle the UUT output power back to the facility or UUT in the form of usable
electricity. This allows the test system to lower the total electrical usage while significantly reducing
waste heat.”

@ ni.com 03
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

Traditional Loads?

An air- or water-cooled power resistor is the simplest form of load. A resistor has a fixed loading profile that follows Ohm’s law (I = V/R)
and converts 100% the discharge power (P = V*| =V2/R) directly into heat. The maximum power that can be loaded depends on the
resistor’s rating.

Air-cooled resistors dissipate the heat into the air. Air conditioning or fans are then used to remove the generated heat from the working area.
In air conditioned laboratory settings, an air-cooled resistor can represent a very low cost, flexible, and simple load. However, the amount of
heat generated by air-cooled resistors makes it impractical for high power testing or manufacturing environments.

Water-cooled resistors have an electrically isolated water connection, allowing water to carry the heat away from the device. Unfortunately,
the water may also contain additives or contaminants that can produce an electrical hazard if the resistor is damaged or if there is a leak to
the connection. The requirement of a water connection limits where and when this type of device can be used.

Electronic Loads

An electronic load converts 100% of the discharge power (P = V*I) directly into heat. Unlike resistors, electronic loads are able to provide
more sophisticated loading profiles such as constant current, constant voltage, and constant power, in addition to constant resistance. The
load profile can be changed dynamically without disconnecting the UUT.

Air-cooled electronic loads dissipate the waste heat into the air and can be used anywhere in a laboratory or manufacturing space as long
as there is sufficient space or air-chiller capacity. Watercooled electronic loads dissipate the waste heat through a water connection, which
limits where these loads can be used. Testing may also get halted when the water-chiller system is under maintenance.

Regenerative Electronic Loads

Regenerative electronic loads convert discharge power (P = V*|) back into usable electricity for the facility, thereby increasing flexibility in
two ways. First, the total power demand and associated electrical costs are reduced. Second, regeneration creates significantly less waste
heat, which in turn reduces the energy and equipment required for facility cooling. This allows maximum flexibility when planning, upgrading,
or rearranging laboratory or manufacturing workspaces.

Removing the Cost of Heat

Consider the power flow associated with a traditional load as shown in Figure 1. Power is provided to the unit under test (UUT) from a facility
connection. The output of the UUT is then loaded with a traditional load which converts this power into waste heat. Additional power is then
required to operate a chiller to remove the waste heat from the workspace. Assuming the UUT has a conversion efficiency of 90% and
provides a 100 kW output, the UUT would contribute 11.1 kW of waste heat due to conversion losses; and the load converts the 100 kW output
directly into waste heat. A total of 111.1 kW turns into 379,123 BTUs of heat, which will require siginificant additional power to remove this heat
from the workspace.

“Regeneration dramatically reduces waste heat resulting in operating cost savings and improved
working conditions.”

@ ni.com 04
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

Figure 2 shows this same test scenario when using a regenerative load. In this scenario, the load returns the majority of the UUT output power
back to the UUT or facility. The total amount of power required from the utility is then reduced as the UUT can use the power from both the
utility connection and the power returned by the regenerative load. This directly reduces the total amount of power used by the facility to
conduct the required testing, the amount of waste heat, and the power to remove the heat.

A /\J
Unit Under Test
_— E— (UUT)
Power \l, Waste Heat
Traditional
Facility Load .
100% POWER Chiller
Utility

FIGURE 1

Power flow using a traditional load

— (UUT)
’I‘ \l/ Waste Heat

Regenerative
Facility NHR Loads

/]: (9200, 9300,
9410, 9420)

90% Power Returned to Facility

a F‘J
Unit Under Test
—

Power

100% POWER

Utility

FIGURE 2

Power flow using a regenerative load

Replacing a traditional load with an 92% efficient regenerative load reduces both utility usage and generated heat by >82%. The UUT will still
generate 11.11 kW of waste heat, due to conversion losses. However, the regenerative load returns 92 kW of UUT’s output power to the facility
and contributes only 8 W as waste heat. Total waste heat is reduced from 111.11 kW down to < 30 kW or from 379,123 BTUs down to 65,206
BTUs, requiring less chiller power to remove the waste heat from the workspace.
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

How Much Savings Can Be Achieved?

The UUT input power, formula 1, depends on its conversion efficiency.

UUT Output Power
UUT Conversion Efficiency

UUT Input Power =

Formula 1: UUT Input Power

The UUT will draw power from the utility and any regenerative sources. Therefore the total utility power required noted in formula 2 will
depend on the input power, amount of regenerated power, and power required to operate the chiller. Regeneration directly reduces the
amount of input power required and will also reduce the amount of chiller power required.

Total Utility Power = (UUT Input Power - Regenerated Power) + Chiller Power

Formula 2: Total Utility Power

The amount of chiller power required in formula 3 depends on how much power is converted to heat as well as the chillers type, size, and
full/part loading energy efficiency ratios (EER). Industrial air-chillers at full load often reach an EER of 10 and similar water-chillers reach an
EER of 20. Removing waste heat by an air-chiller requires approximately 34.12% more power, whereas a water-chiller requires approximately
17.06% more power.

341255
Chiller Power = ? *(UUT Input Power - Regenerated Power)

Formula 3: Chiller Power Requirement

This is a simplified example assuming a constant energy efficiency ratio for each chiller type. The actual energy efficiency can be affected
by a number of factors including maintenance, seasonal weather patterns, and the amount of loading.

@ ni.com 06
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

The table below compares the electrical utility costs associated with using an 92% efficient regenerative air-cooled load when compared
to an air-cooled or water-cooled standard load. The example assumes a fixed electrical cost at $0.15/kWh. If the average electrical cost is
known, the answer can be scaled to determine your operational costs.

Power into Unit under test 111.1 kW 111.1 kW

Power at the load 100 kW 100 kW

Power regenerated by the load 92 kW 0 kW

Total waste heat generated 19.1 kW 111.1 kW

Waste Heat (BTUs) 65,206 BTUs 379,123 BTUs

Chiller Power required 6.5 kW 37.9 kW 18.95 kW
Total Power Consumed 25.6 kW 149 kW 130.05 kW
Electricity cost 0.15/kWh - Per Hour $3.84 $22.35 $19.51
Electricity cost 0.15/kWlh - Per Day $92.16 $536.40 $468.24
Electricity cost 0.15/kWWh - Per Year $33,638 $195,786 $170,908

Table 1: Energy Costs Per Load Type

Power into Unit under test 111.1 kW 111.1 kW

Power at the load 100 kW 100 kW

Table 2: Energy Costs Savings per 100 kW

Total Cost of Ownership

The total cost of ownership of traditional loads often includes far more than just the initial purchase of the load. Traditional loads imply more
electrical usage and higher electrical usage may require electrical system upgrades to support additional test stations. Each new station
will generate significant amount of waste heat, which may require facility modifications such as new air-handlers or water-chiller connection
points. The chiller system may require upgrades to handle the increased waste heat, which may require permits from the local government.
All these costs can be associated with simply trying to remove waste heat.

Regeneration returns the power to the facility or UUT instead of converting the power to waste heat. Traditional air-cooled and water-cooled
loads also have hidden operational costs which include periodic maintenance cycles, annual inspection, and daily chiller record keeping.
The cooling systems may be unavailable to perform annual maintenance to keep them running at peak efficiency, and testing may get halted
during this shut down.

117
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REGENERATIVE LOADS AND SOURCES: REMOVING THE COST OF HEAT

NTI's Regenerative Test Equipment

NI produces multiple Regenerative loads specifically designed for
DC as well as AC loading. Each of these load models are modular
allowing them to be expanded or used in parallel to meet future
higher test-power needs. This modular loading design allows
maximum flexibility in test by providing unmatched configuration
options as well as future expandability.

NI's regenerative loads include an advanced built-in digital
measurement system. Voltage, current, power, and energy (Ah/
kWh) measurements are immediately available. Additionally,

all models include a waveform capture feature allowing a high-
resolution capture of power related-events for detailed analysis.

Both AC and DC products are bi-directional allowing them to
reverse power flow using the same internal electronics. For
example, the NHR’s battery test systems work as regenerative
loads, charging systems, or can emulate batteries for the testing of
battery related products. Similarly, NHR’s 9430 Regenerative AC
Load works as a true 4-quadrant AC load and can reverse power
flow emulating a solar inverter or energy storage system. Finally,
multi-layered independent safety features prevent damage to the
UUT due to environmental and operator error. When the safety
limit is crossed the test equipment shuts down and disconnects the
UUT output as a failsafe.

—
f\J

| -! | Battery

1 O

Facility

I -! | Battery

FIGURE 8
Battery with BMS components attached

Energy savings through regeneration enables higher power testing unlike standard loads and power supplies. For example, consider a
configuration consisting of two batteries, shown in Figure 5, where one battery is discharged at 100 kW while charging the other battery at
100 kW. The total facility power required is less than 17 kW making up only the losses and significantly less than the power required to charge

a single battery.

©2023 NATIONAL INSTRUMENTS. ALL RIGHTS RESERVED. NATIONAL INSTRUMENTS, NI, AND NL.COM
@ ARE TRADEMARKS OF NATIONAL INSTRUMENTS CORPORATION. OTHER PRODUCT AND COMPANY
NAMES LISTED ARE TRADEMARKS OR TRADE NAMES OF THEIR RESPECTIVE COMPANIES. 101523
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NHR 9300 High-Power System
for Battery Testing

Applications
4 o —
[
d D
ELECTRIC ELECTRIC ELECTRIC ENERGY MARINE FUEL INDUSTRIAL TEST LABS
VEHICLES TRUCKS FLIGHT STORAGE CELLS
BEST FOR:

= Testing of high voltage batteries, fuel cells, and energy storage systems

= Validation of high voltage batteries, fuel cells, and energy storage systems

KEY FEATURES:

= Dual voltage range design: 600V, 1200V = Modes: Charge/Discharge, Load, and Battery Emulation
= Modular & scalable power up to 24MW = High insulation resistance to ensure product safety
- 100kW per cabinet (parallel up to 24 cabinets) = Air-cooled (no liquid cooling) provides simplified maintenance

- Current 333A per cabinet (up to 8,000A)

= Regenerative power > 95% (Typical)

= Advanced digital measurements with charting
= Multiple control options: touch panel, LabVIEW®, VI Drivers,

* 100% SiC-based technology and SCPI

* Fasttransient speeds: Slew Rate <2mS = Battery Test Software: Enerchron® or NI BTS Software

= Fully integrated battery cycler: built-in isolation contactor relays, * Drive cycle simulation testing including FUDS, SFUDS, GSFUDS,
pre-charge circuit, reverse polarity checker WLDGC, JCO8, and ECE-15L
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The Industry’s Most Flexible Battery Cycler for Battery Module
and Pack Testing

The 9300 High-Power System for Battery Testing is the industry’s leading test solution for automotive, aerospace, energy, and industrial
markets. The 9300 is used by well-recognized OEMs, Tier 1, 2, 3 manufacturers and suppliers, universities, government, and test labs,

around the world. Our flexible 9300 platform allows you to evolve with your test requirements from R&D and validation to production
and end-of life.

The 9300 provides modular and scalable power from 100kW up to 2.4MW. Its dual voltage range of 600V and 1,200V covers both lower

and higher power applications within a single product. Unlike custom built solutions, the 9300 provides maximum flexibility in voltage
and power, providing full power from 300 V -1,200 V + (Fig. 1).

1200
1000
High-Voltage 100kW
~ 800 Range Constant
*_3 Power Curve
=]
o 600
o)
£
o
> 400
200 High-Current
Range
0
0 50 100 150 200 250 300 350
Current (Amps)
FIGURE 1 FIGURE 2
Wide Constant Power Operating Envelope Modular and Scalable Power up to 2.4MW

Modular and Scalable Power Provides Future-Proofing

NI's Battery Test Systems are designed for fully independent operation. Additional 100kW cabinets can be run synchronously in parallel up
to 2.4MW/8000A, increasing the maximum power and current capability to the level required. This modular expansion allows you to scale
power as needed (Fig. 2).
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Built-In Comprehensive Measurement Capability

A wide range of precision measurement information is provided by the 1-MS/S digitization of analog measurement signals within each
cabinet. For example, the simultaneous measurements of voltage, current, amp-hours and watt- hours are continuously available. Data can
be accessed or downloaded to provide high-resolution, synchronized samples of voltage and current for advanced measurements such as
battery condition (Fig. 3).

NH Research DC PM 1

— Blvessn W [vessw PHlanrora |

[ Touch Control | 63000 e e i sy vt vt —
60000 : i
- ] i CONTACTOR
- POLARITY
25000 +/-?
5 WM, < 3+ | cheoken
= .
TR [ cTRCUT

0125 153800571 s s don 52 9300
<Quick Zoom> v

9. =3 Battery Cyoler

FIGURE 3 FIGURE 4

Chart Recorder Functional representation of the 9300. Bidirectional power supplies and other

cyclers may not include isolation contactor relays, polarity checker
and pre-charge circuits.

Monitor Performance, Parameters and Status During Test
to Minimize Hazards

The 9300 performance is monitored continuously. tems such as measurement ambiguities, under/over-range conditions, heat- sink
temperature limits, and grid frequency limits trigger an appropriate warning message to the controlling device. Each tester provides
programmable trip limits to continuously double check the operator requested setting (Fig. 5); an interlock input that can be connected to
an external test fixture; an emergency manual switch; and remote power-off input. When the trip limits, interlock, or emergency power-off is
detected, the tester halts power flow and follows an internal power-off sequence which includes opening the contactors and isolating itself
from the UUT.

Global Safety Limits Discharge Safety Limits Charge Safety Limits

Min Voltage Time Allowed Max Current Time Allowed Max Current Time Allowed
X 65000V 0500 s X 0.500 s X 12000A 0.100's
Max Voltage Time Allowed Max Power Time Allowed Max Power Time Allowed
X 900.00 V 0.100 s
UUT Temperature
X 850C
FIGURE 5

Enter Programmable Trip Limits
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The Power of Choice: Multiple
Control and Automation Options

TRy

NI Battery Test Systems are designed with multiple control options
(Fig. ©) so that you can: write your own software (IVI or SCPI);
program with NI tools (LabVIEW or VeriStand); work with a solution
provider; or select a battery test software package such as NHR'’s
Enerchron or NI's BTS for a fully integrated solution.

Enerchron or NI's

The 9300 has a large visual Touch-Panel that controls and displays
voltage, current, power along with other settings, limits, and test
status. The Touch-Panel allows you to create, run, monitor, chart,
and report UUT charge/discharge profiles without writing any code.

Remote

FIGURE 6
Multiple Control Options for Flexible and Easy Integration.

Simplify and Accelerate Battery Test

The Enerchron® Advantage

Enerchron is a powerful but easy to use Test Executive created specifically to simplify and accelerate your test automation. It provides a
comprehensive battery test environment (Fig. 7) that includes integration with HW and SW tools. This software solution that provides the
sequence control and integration of hardware I/O, CAN, chambers/ chillers, and safety elements of the test station. A key differentiator from
other test software is the use of variables instead of hard-coded values. Test sequences can be easily scaled and adjusted for any UUT.

il

uunmngs |

il

FIGURE 7

An Example Battery Test Environment
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Accelerate and Scale Battery Test
The NIBTS Advantage

NI offers more complete and open electrification solutions to optimize test workflows and accelerate time to market for our customers.
If required, we also have a reliable partner network of solution providers. The NI Battery Test System (BTS) Software provides additional

systems capability:

(9L System architecture effectively scales to large, distributed (D3 Agiletest plan development improves utilization

battery labs.

()2 Powerful data and system management that optimizes (04 Workflow, scheduling, data management, and data
analytics delivers higher-performance batteries, faster,
and within budget.

OpEx and reduces the overall CO2 footprint of your

test facility

NI Battery Test System

W &%

i e D

o

FIGURE 8
NIBTS 3.0 Example Dashboard
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NHR 9300 High-Power System Specifications

Rating 100kW 200kW 300kW 400k 500kW 600kW 700kW 800kW 900kW 1000kW 1100kW 1200kW
Max Current a 600V 333A 666A 999A 1332A 1665A 1998A 2331A 2664A 2997A 3330A 3663A 3996A
Current @ 1200V +167A +334A +501A +B668A +835A +1002A +1169A +1336A +1503A +1670A +1837A +2001A
Programming Capability

Operating States Charge (Source), Discharge (Load), Standby, Battery Emulation

Set Point Limits Constant-Voltage (CV), Current (CC), Power (CP), Series Resistance (CR)

Trip Point Limits Min/Max Voltage, Current (per direction), and Power (per direction) with time delay values

Charging Envelope 0 - 600V/+333A, 0 -1200V/+167A

Discharging Env. 30 - 6O0V/+333A, 60 - 1200V/+167A

Voltage Accuracy 0.025% Set + 0.025% Range

Current Accuracy 0.1% Set + 0.1% Range

Slew Rate Same polarity 10 - 90% < 2mS Low Range, < 3mS High Range

Current Change Time < 5mS

Current Reverse Time < 10mS

Parallelability Synchronous control for up to 24 channels (2.4MW)

Macro Test Profiles

Development Source Touch-Panel, Import from Excel or User’s System Controller

Max. Steps 1000

Min.Time Delay 50uS

Max. Step Delay AmS - 7 days

Test Meas. (4-wire) Range Accuracy Resolution

Voltage, DC Avg.

Current, DC Avg.
Amp Hr

Power, Watt Hr
Time
Temperature

Control

Local User Int.

Ext. Sys. Comm.
Drivers

Analog Current
Monitor

0 - 600V/0 - 1200V

0 - 333A/0 - 167A

I Range x V Range

0.025% Reading + 0.025% Range

0.1% Reading + 0.1% Range

0.12% Reading + 0.12% Range

imS - 1 Yr

0 - 150 °C

Touch-Panel with graphic meters & controls plus
Macro screens

LAN (Ethernet)

LabVIEW, IVI-COM, IVI-C

0 to +10V charge/0 to -10V discharge

Physical (Single 100kW Cabinet)

Connectors

Cabinet Dim.
(HxWxD)

Cabinet Weight

Operating Temp.

Input Power

Main power through buss bars

78 x 28 x 397/1981 x 711 x 991mm

12001bs/544kg

0 - 35°C full power

30, 50 - 60Hz, 380VAC/200A or 480VAC/160A.
Output Power reduced to 90kW below 3B6OVAC input

0.1% Reading

Analog Voltage
Monitor

External Inputs

Software Watchdog

Input Power Factor

Isolation AC
Input

Isolation UUT

0.005% Range
0.005% Range

0.005% Range

0.005% Range

0 to +10V full scale voltage

Interlock input & power-off (eOff) input

Programmable

PF >0.997

800VDC Mains to Chassis & UUT - / 1500VDC Mains
to UUT +

800VDC UUT - to Chassis / 1500VDC UUT + to

*Higher power models are available up to 9300-2400 at 2.4MW.

©2023 NATIONAL INSTRUMENTS. ALL RIGHTS RESERVED. NATIONAL INSTRUMENTS, NI, AND N1.COM
ARE TRADEMARKS OF NATIONAL INSTRUMENTS CORPORATION. OTHER PRODUCT AND COMPANY
NAMES LISTED ARE TRADEMARKS OR TRADE NAMES OF THEIR RESPECTIVE COMPANIES. 101523
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NHR 9530 Regenerative
4-Quadrant AC Load

Applications
"9 °) <
2 = ¢ i =9
ELECTRIC GRID SOLAR SWITCH/ UPS VEHICLE
VEHICLES UTILITY INVERTER FUSE TO GRID
BEST FOR:
+ Testing Full Line Disturbances at Any Power Factor * Switch, Fuse Test
+ Grid Utility Test, Inverter Test, UPS Test ¢+ Linear and Non-linear Loading, Inductive and Capacitive
+ EV Load Testing Loading Requirements.
KEY FEATURES:
* 100kW cabinet, expandable to 1.2MW + Sink power regenerated back to facility with >90%
+ Single, Split or Three-Phase programmable efficiency
up to 200A per Ph * Power factor range: -1 to +1
* 30to 120Hz + Crest factor range: 1.414 t0 3.000
« DCoperation from 10 to 400VDC, AC operation » High-resolution waveform digitizer
up to 606VLL + 15" high brightness LCD touch panel
* Reactive Power-capacity 2.1 X Real Power + High power density with small footprint.
PHYSICAL AND SAFETY:
Physical
Connectors 2x1/2"stud terms. per ch. (6 Tot.) + Grnd. Cabinet Weight 12001bs/545kg (100kW cabinet)
Cabinet Dim. (HxWxD) 78" x 28" x 39"/1980mm x 712mm x 990mm Operating Temperature 5-35°C (up to 95% RH non-condensing)
Safety
. Facility to Chassis: 500V, Output to Chassis: . Self-protecting: over-voltage, over-
Isolation . Module Protection
500V, Facility to Output Iso.: 500V current, over-power, and over-temp.
Physical Emergency Stop and external Inter-Lock Watchdog Timer Continuously monitors control comms.
Program. Safety Limits Min/Max Voltage, Current (per direction), and Power (per direction) with separate limits and time delay values
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Applications

The 9530 is a current-regulated, 4-quadrant AC load with selectable phase inputs/outputs and a built-in waveform
digitizing measurement system. In the sink mode, it sends power back to the facility mains rather than dissipated as
heat. The 9530 has the capability of simulating almost any linear or non-linear load. Applications include testing of
UPSs, AC sources, inverters, rectifiers, switches, circuit breakers and fuses.

4-Quadrant Operation

The most unique feature of the Model 9530 AC Load is its ability to operate in all 4-quadrants. This bi-directional
capability significantly expands load simulation relative to 2-quadrant AC loads. More specifically, the 9530 allows
creating the reverse current caused by inductive or capacitive loads (low power factors); namely sending power
back to the UUT (source) during part of the AC cycle (Fig. 1). In this manner the 9530 accurately duplicates real-world
reactive electrical power flows.

LTAGE
CURRENT

Reactive
Power (VAR)

True Power (Watts)

Power Factor = Cosine ©

60° 180° 240° 360° 420°

FIGURE 1 FIGURE 2
0. 5 PF Inductive Load waveform showing bi-directional power flows. The Power Triangle.

HIVAR® Design Provides Reactive Loading without Derating
True Power

This advanced design feature provides for testing high reactive load input power without the customary reduction

of true power (Watts) normally required with conventional loads. The HiVAR design provides testing sources with
reactive power (VARs) as large as 2.1 x true power (Watts.) All 9530 Loads are rated both for true power and apparent
power. For instance, a 100kW Load is also rated for 210kVA.

Several Emulation Modes

To provide testing under the broadest range of loading conditions, the 9530 Load will operate in several Emulation
Modes. Constant Current (CC) Mode provides current to be drawn constantly, making it suitable for linear, non-linear
and regulation loading. Constant Resistance (CR) Mode allows the load to emulate a power resistor with a unity power
factor. Constant Power (CP) Mode emulates a load such as a switching power supply. Constant Apparent Power (CS)
Mode expressed as VA, is a vector quantity where there is both real power and reactive power (Fig. 2).
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User-Defined Waveforms

In addition to programmable power and crest factors, one of the tools used by the 9530 AC Load for creating
non-linear waveforms is a graphics editor. This editor allows starting with a straight line or modifying a generated
waveform based on current, power and crest factor. The graphical editor includes an auto-check feature to ensure the
settings are compatible with each other and within the capabilities of the 9530. It also supports waveform smoothing,
symmetrical and asymmetrical waveform manipulation. With this graphics editor, waveforms can be quickly created to
duplicate waveform distortions or transient events such as spikes, dropouts or any other anomaly that can be drawn
as a single cycle (Fig. 3).
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FIGURE 3 FIGURE 4
User-Defined Asymmetrical Current Start-Up Inrush Current Macro
Macros

A second powerful user-defined waveform tool are Macros. These are a pre-programmed sequence of settings where
each new setting is effective for a sub-cycle, any number of cycles or for a fixed amount of time. This sequence is
entered using a menu-driven, programming-free interface. The sequence is then downloaded to the AC Load where
it is executed at high speeds to provide precise control of any phase. Macros can be stored for use on other test
programs (Fig. 4).

Regenerative Return of Load Power to Facility Line

The 9530 Load returns greater than 90% of power to the facility thereby providing significant electrical savings. It
certain continuous loading testing, it has been shown that the load will recover its purchase costin 2 - 3 years. Even
for intermittent load usage, the savings from regenerative return to the facility is substantial and worth evaluating.
Additional benefits are a more comfortable work environment, less air conditioning required and an elimination of
facility power upgrades.
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Built-In Digital Measurement

Model 9530 Loads include a digital measurement system that features a high-resolution waveform digitizer. This
provides the power analysis tools typically found in test systems that include digital multi-meters, oscilloscopes, and
power analyzers. Having such a comprehensive measurement system built into the 9530 eliminates the integration
complexity, prolonged start-up time, extra cabinet space and cost for those additional measurement instruments
often required. The user is ready to begin testing the day the 9530 is delivered.

The types of measurements are broad and include almost any type of voltage, current, power and timing. In a
3-phase 9530, all three channels of voltage and current measurements are digitized simultaneously at 125kSamples/
sec to be displayed, recorded or further processed to yield a custom measurement. Specialized measurements

such as abnormal grid detection thresholds, disconnection timing, power ramp-up timing, and generated harmonic
current limits are possible.

Waveform Capture

Data Channels 6 ch (3 phases of voltage & current) Memory 64k samples for each of 6 ch
Bandwidth DC to 50kHz Accuracy/Resolution 0.5% Range/0.005% Range
Sample Rate to 125 kSample/sec Aperture 1 cycle to 64 sec

Aperture Measurements 13 total including AC/DC Voltage, Current, True Power

35 total including AC/DC Voltage, Current, True Pwr, Apparent Pwr, Freq., Pwr Factor, Crest Factor, Energy, Phase Angle, Pk V,

Background Measurements
Pk I, Pk Pwr
Custom Current Waveforms

Sine, n-step Sine, Triangle, Clipped Sine, Graphical wave shape editor or

Standard User Defined

Notched Sine, Arbitrary (User Def.) downloaded Excel table
Control

Built-In Touch Panel and/or external PC X Ni-Compliant LabVIEW Drivers,
User Interface ) . X Drivers

w/ Windows software tools including GUI Enerchron (opt.)
External System Communication LAN (Ethernet) supporting SCPI or VXI-II

The Power of Choice:
Flexible Control Options

=]
¥
E

o atal

There are multiple ways to control the 9530 High
Voltage Grid Simulator.

Touch I/F
LabVIEW

Fully programmable using NI standard tools such as
LabVIEW and VeriStand. These include SCPI, OS-
independent LabVIEW VIs for Windows applications.

An integrated Touch-Panel provides a simple manual
control interface and allows basic tests to be run
within minutes of powering up the tester.

For more complex test programs, a remote soft- FIGURE 8

panel interface on the user’s PC or laptop provides Flexible Control Options
additional control features such as wave-shape

editors, waveform captures and test program step controls

using Macros.
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NHR 9530 Regenerative 4-Quadrant AC Load Specifications

Model Number 9530-100 9530-200 9530-400 9530-500 9530-1000 9530-1200
AC Output Programmability

Phases/Output Channels Single, Split or 3-Phase

Input Voltage (LR,HR) 10-175, 350VRMS L-N (30Hz - 120Hz)

Current Limit Set Ranges’ (per ®) 50, 200A (3®) X2 X4 X5 X10 X12

Current Limit Set Max' (per Source) 150, 600A (10) X2 X4 X5 X10 X12

Power Limit Set Max? (1, Split, 3®) 100, 67, 100kW X2 X4 X5 X10 X12

Maximum Apparent Power® 210kVA X2 X4 X5 X10 X12

Normal Mode (CC/CP/CS)

Resistance Mode (CR/CC/CP)

Crest Factor* 1.414 - 3.0 (up to 2x MAX ARMS) Constant Resistance 0.50hm to 1000Q
Power Factor -1.0-+1.0 Resolution 10mQ
Slew Rate 10%-90% Range in < 500pus Result. Current’ Vin/Rset

DC Loading Programmability

Input Voltage 10-200, 400VDC
DC Loading Modes Constant Voltage (CV), Constant Current (CC), Constant Power (CP), Constant Resistance (CR), in any combination
Current Limit Set Ranges’ 50 -200A X2 X4 X5 X10 X12
Power Limit Set Max® 100kW X2 X4 X5 X10 X12
Measurements (Accuracies apply when the settings and/or measurements are greater than 10% of Range and input voltage is above 50VRMS.)

Range Accuracy Resolution
Voltage Range (LR, HR) 424,707V Pk
ACRMS/DC Avg. +(0.1% Rdg + 0.1% F. S.) 0.005% Rng
Frequency 30-120Hz 1% (Sinusoidal Voltage) 0.01Hz
Current per Phase (LR, HR) 167, 500A Pk X2 X4 X5 X10 X12
AC Current Model Dependent #(0.1% Rdg + 0.1% Rng) @<100Hz, +(0.2% Rdg + 0.2% Rng) @>100Hz 0.005% Rng
DC Current Model Dependent +(0.1% Rdg + 0.1% Rng) 0.005% Rng
Power (kW, kVA) VRng x CRng +(0.2% Rdg + 0.2% Rng) 0.005% Rng
Energy (AH, kWH, kVAH) Time dependent 0.3% Reading + 0.3% Rng 0.005% Rng
Additional Measurement Energy (Ah, kWh, kVAh), AC Crest Factor, AC Power Factor, True Power (P), Reactive Power (Q), Waveform Capture

Input Power

Voltage/Frequency

92% @ 480V Facility Input measured at

Universal Input - 380 to 480VAC +10% (L-L,
3-Phase, 50/60Hz) / 49 - 51Hz or 59.3 - 60.5Hz

Power Factor

Efficiency® full power when loading 480VRMS (L-L) Cooling
/ 60Hz
Current/phase @ 380, 400, 480V 168, 144, 134A X2 X4 X5 X10

Unity PF > 99% measured at full power
when loading 480VRMS (L-L) / 60Hz

Air Cooled 35°C Max Ambient, reduced
power from 35 to 50°C

X12

" Programming Accuracies for Current are +(0.1% Set+0.15% F.S.) @ < 100Hz & £(0.2% Set+0.25% F.S.) @ > 100Hz.2 Programming Accuracies for
Power are £(0.2% Set+0.25% F.S.). * Instant PK power per channel will be 100kW (300kW per system) and it will be derated as frequency lower
than 50Hz. See derating curve in manual. 4Load option might require a stiff source when doing high CF. °*The Max VA setting will be derated when
system use in 1-phase (150kVA > 60Hz, 120kVA at 30Hz). ®Near 93% at 480VLL/100kW. 7 Per cabinet per channel, the maximum hardware allowed
peak current is 400A. Max peak current might be further derated in the situation of multiple system in parallel.

©2023 National Instruments. All rights reserved. National Instruments, NI, and ni.com 11500 N Mopac Expwy
are trademarks of National Instruments Corporation. Other product and company names Austin, TX 78759-3504

listed are trademarks or trade names of their respective companies.

031524 (888) 280-7645
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Product Brief

NHR 9300 High-Power System

100kW Mobile-Friendly and Scalable Battery Cycler Solution

Highlighted Features

= Dual voltage range design: 600V, 1200V

= Modular & scalable power up to 2.4MW
- 100kW per cabinet (parallel up to 24 cabinets)
- Current 333A per cabinet (up to 8,000A)

= Regenerative power > 95% (Typical)
= 100% SiC-based technology
= Fast transient speeds: Slew Rate < 2mS

= Fully integrated battery cycler: built-in isolation contactor relays,
pre-charge circuit, reverse polarity checker

= Modes: Charge/Discharge, Load, and Battery Emulation

= High insulation resistance to ensure product safety

= Air-cooled (no liquid cooling) provides simplified maintenance

= Advanced digital measurements with charting

= Multiple control options: touch panel, LabVIEW®, VI Drivers, and SCPI
= Battery Test Software: Enerchron® or NI BTS Software

= Drive cycle simulation testing including FUDS, SFUDS, GSFUDS,
WLDG, JC08, and ECE-15L

The need to quickly increase EV battery Customer N eedS

testing capacity is making validation labs
harder to manage and forcing engineering
teams to explore ways to sustainably scale
up their test lab operations.

()1  Testexisting 400V and 800V EV
battery architectures, and future-
proofing for higher voltage and test

From few to dozens of test cells, managing capacity needs.
power from the battery cyclers is one of the
main challenges that impacts lab efficiency, ()2 Define battery validation lab layouts
CO2 footprint, and operational expenses. that work for current and future
] needs

A software- and data-centric test
strategy can help but requires flexible (3 Maximize lab equipment utilization
test equipment that can be synchronized, and integrate existing equipment

rchestr; ,an r ffectively. .
orchestrated, and operated effectively. @4 Monitor and manage fulllab
Battery cycler flexibility and openness operation to optimize operational
is critical to achieve the scale needed in cost

modern battery validation labs.

R 9300 HIGH

VOLTAGE BATTERY TEST SYSTEM

NHR-9300

01

02

03

04

100kW battery cycler with software
controlled dual-voltage range
(B600V and 1200V)

Mobile-friendly, non-fixed
installation provides flexible
configurations of power

Modular 100kW cabinets allow for
incremental increase/split of power.

NI's software-connected approach
to automate configuration,
execution, and reporting on

test operations
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9300 High-Power System Specifications

OUTPUT POWER, MAX 100 kW (Parallelable up to 2.4 MW)
360-415 V rms, 3-PHASE 480 V rms, 3-PHASE DELTA
RATED SUPPLY VOLTAGE (UNIVERSAL INPUT)
DELTA (NO NEUTRAL) (NO NEUTRAL)
RATED INPUT CURRENT, FULL-LOAD AMPERES 200 A 160 A
RATED FREQUENCY 50 Hz - 60 Hz
SIC-BASED POWER 100%
Multiple Control Options Touch panel, LabVIEW®, IVI Drivers, SCPI

600 V DC (HIGH CURRENT MODE)

OUTPUT VOLTAGE, MAX
1200 V DC (HIGH VOLTAGE MODE)

+/- 333 A (HIGH CURRENT MODE)

OUTPUT CURRENT, MAX
+/- 167 A (HIGH VOLTAGE MODE)

DIMENSIONS 1981 mm X 711 mm X 991 mm
(L XWX H (78 in X 28 in X 39 in)
WEIGHT 544 kg (1200 1b)

COOLING FORCED AIR

NHR-9300 Advantage

Mobile-Friendly: Door-sized cabinet with wheels provides mobile
solution to move hardware easily within facility. Set-up, reconfigure,
or service test stations efficiently and effectively.

Future-Proof Investments: Right-sized 100kW blocks make it
easy to increase and split power incrementally at the cabinet level.

Maximize Lab Space: The cycler’s high-power density provides a
small footprint, saving floorspace and optimizing lab layout.

Ease of Use: The wide operating range allows testing of a broad
list of applications. Switch easily between low and high voltages
through an easy-to-use software command.

System Integration on Your Terms

NI offers a variety of solution integration options customized to your application-specific requirements. You can use your own internal
integration terms for full system control or leverage the expertise of our worldwide network of partners to obtain a turnkey system.

To learn how you can increase product quality and shorten test timelines, contact your account manager or Nl at (888) 280-7645
or info@ni.com.

©2023 NATIONAL INSTRUMENTS. ALL RIGHTS RESERVED. NATIONAL INSTRUMENTS, NI, AND NI.GOM 11500 N MOPAG EXPWY
ARE TRADEMARKS OF NATIONAL INSTRUMENTS CORPORATION. OTHER PRODUGT AND COMPANY AUSTIN, TX 78759-3504 . .
NAMES LISTED ARE TRADEMARKS OR TRADE NAMES OF THEIR RESPECTIVE COMPANIES. 083023 (888) 280-7645 ni.com/ transportation
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Battery Cycler vs. Bidirectional Power Supply
for Battery Test: Top 10 Considerations

Is Powering Off Actually "Off"?

Power supplies often contain bleed down resistors to dissipate stored energy, and can become an uncontrolled
load, continuing to discharge the battery even when powered off, which can lead to unsafe situations with the
battery. NHR Battery Cyclers have built in safety isolation relays not present in power supplies that prevent this
powerdraw when turned off.

LEAKAGE
CURRENTS

Is Capacitance Good or Bad?

High output capacitance of power supplies result in high inrush/outrush to the battery, increasing safety hazards

and damage to the equipment and battery. This inrush causes pitting of the contactors, arcing, and other damage
CAPACITANCE to the safety contactors, causing failures or even uncontrolled damage to the battery itself. NHR Battery Cyclers
have very low output capacitance and features a built-in pre-charge circuit designed to prevent current inrush
when connecting to and testing a battery.

Is Safety Designed into the Product?

Power supplies require add-ons for safety contactors, polarity checkers, and pre-charge circuits, effecting set-up
SAFETY and performance. Adding these components is time intensive and significantly complicates the test set up,

adding time delays and additional labor costs. NHR Battery Cyclers have all of these, as well as multiple layers of

safety, built-in.

How Complex is the Setup and Integration?
o 4 SET UP Communication with the battery, and external equipment such as temperature chambers or chillers often
requires extensive software development that adds significant time and cost to any battery test set-up. NHR
COMPLEXITY E| Cyclers and software have key battery test features such as safety already integrated while allowing for easy and

flexible integration of third-party tools.

Who do | Contact for Support?
There is no single point of contact when building your own system with bidirectional power supplies. Software,
O 5 SUPPORT gle p gy Y p pp

additional safety features, or integration challenges fall on the user to resolve, adding time and cost. NHR is an
expert in battery test and your partner in test.
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How Accurate is the System?
Set accuracy is not typically specified by power supplies. NHR clearly documents empirical
control accuracy.

How Easy is it to Use and Control?

NHR Battery Cyclers have operating modes designed to support battery test, and our software solutions provide
ready to go control solutions to eliminate integration time and effort. Power supplies involve significant software
program development before testing can begin.

What is the Measurement Accuracy?

Power supplies are general purpose products, and battery specific measurements such as Ahr or kWhr are often
left to the user to track and determine. NHR battery cyclers take precision battery test measurements directly
on the hardware, making programming simpler and more effective.

Will the Control Speed Meet Real-World Conditions?
NHR Battery Cyclers are designed with low output capacitance for very fast change of set points, while power
supplies which usually have high output capacitance, providing much slower response rates.

How Can | Expand the System for Higher Power?
NHR Battery Cyclers are designed to operate in parallel. Power supplies are not easily scalable and all the
components need to be sized to the system, further complicating integration challenges.







Battery Emulator vs. Bi-directional
Power Supplies for Battery Simulation:
Top 8 Considerations
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Does it Ensure Accurate Simulation of Real World Conditions?

A key feature of battery simulation is having a built-in programmable series resistance with low-capacitance.
NHR Battery Emulators have a programmable series resistance that is built into the hardware vs. only the
software. This ensures accurate testing of real world conditions. As in a real battery, NHR Battery Emulators
adjust the output voltage depending on the direction and amplitude of current flow.

Is Capacitance Good or Bad?

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, but this negates the series resistance functionality
and can lead to inaccurate battery simulation.

Is Safety Designed into the Product?

Power supplies generally require add-ons for safety contactors and do not have additional safety features such
as interlocks, e-stops, etc. Adding these components is time intensive and significantly complicates the test set
up, adding time delays and additional labor costs. NHR Battery Emulators have all of these, as well as multiple
layers of safety, built-in.

Who do | Contact for Support?

There is no single point of contact when building your own system with bidirectional power supplies. Software,
additional safety features, or integration challenges fall on the user to resolve, adding time and cost. NHR is an
expert in battery simulation and your partner in test.
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How Accurate is the System?

Power supplies generally only specify load/line regulation (how much an output can change under various
line/load conditions), but does not account for the set accuracy or requested output. NHR clearly documents
empirical control accuracy for all conditions including load/line and error from your requested value.

What is the Measurement Accuracy?

Power supplies are general purpose products, and battery specific measurements such as Ahr or kWhr are often
left to the user’s software to track and determine. NHR Battery Emulators take precision battery test
measurements directly in the hardware, making programming simpler and more effective.

How Easy is it to Use and Control?

Power supplies involve significant software program development before testing can begin. NHR Battery
Emulators have operating modes designed to support battery emulation, and our software solutions provide
ready to go control solutions to eliminate integration time and effort.

Will the Control Speed Meet Real-World Conditions?

Power supplies generally have high output capacitance, providing much slower response rates. NHR Battery
Emulators are designed with low output capacitance for very fast change of set points to accurately emulate real
world conditions.






