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Battery Lab

Future Proof Battery Testing Through
a Software-Defined_Approach
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The Pace of Change Is Faster than Ever

Organizations Must Rethink Product Innovation or Risk Falling Behind

—

DRIVING TRAFFIC FATALITIES SHIFTING PORTFOLIOS TO EVOLVING SUPPLY CHAINS
AND CARBON FOOTPRINT SOFTWARE-DEFINED BEVs AND COMMERCIALIZATION
TOWARD ZERO MODELS
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The Road to the Future 1s Paved with Software

Acceleration of EV and ADAS Roadmaps will Require New Tools and Process to Meet Demand

2022 2023-2025

- Vehicle Production 80M New Vehicles ~90M New Vehicles by ’25
Electrification 9% Battery Electric 22% Battery Electric by ‘25

Autonomy 30% L2 Autonomy or Above >50% L2 Autonomy or Above

Software Defined 500k vehicles with 15M vehicles w/Domain
Vehicle Domain Controller Architectures Controller Architectures (200% CAGR)




Overcome Battery Test Challenges

AccelerateTime to Market

> @ Improve Battery Performance

Temperature Dependency

Long Test Times

Constant Changes
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High Power Hazard
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Expensive
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Aggressive Program Schedule
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W Reduce Total Costof Test



Reduce time to market by
accelerating product development

Deliver customer satisfaction by
improving functionality and reliability

Improve the bottom line by
reducing operational cost

Prepare for the future by
adapting to evolving test needs




An Open, Software-Defined Approach
to Transform the Validation Lab

OPENAND FLEXIBLESOLUTIONSTACK

Global Distributed Lab, Connected Lab
Product Performance

Multi-Test Bench, Connected
Lab Product Performance

Multi-Test Bench
Facility Management

Single Validation Workbench
Customizable Test

SOFTWARE

1

Global Validation Labs

SCALABILITY
C ggg WITH SOFTWARE-DEFINED

BATTERY LAB

Battery Validation Workbench



The Software-Defined Battery Lab

IMPROVE THE PRODUCT
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Automate and Streamline Workflows

Connectand Increase Utilization of Test Systems

Enhance Data Management and Analysis

ni.com



POl NI | SOFTWARE-DEFINED BATTERY LAB

Battery Test System (BTS) powered by PAtools

ENVIRONMENTAL CHAMBER IN-CHAMBER MEASUREMENTS

DUT

CHILLER

288 BATTERY TEST SOFTWARE

BATTERY CYCLER a MEASUREMENT RACK B DATA AND SYSTEM MANAGEMENT

ni.com
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Battery Cycler Integration in the NI Software Workflow

Seamless integration with NI cyclers, openness for third-party cyclers
Configuration-based interface for most existing Cyclers (CAN/Ethernet)
Interface with non-standard Cyclers through custom software plug-in

Increased development efficiency by standardizing software Ul for customer battery cycler collection

HIGH VOLTAGE - SMART S0
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NHR-9200

HPS-17000 NHR-4800
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NI Battery Cycler Portfolio — Highlights Pack Level

Feature Dynamic . . Footprint/
Product Highlight Response Technology Cooling Granularity Weight
ERS-BIC Overload capability with fast recovery Fast (ms) IGBT Water Medium @ OO Large
NHR-9300 Mobility and power flexibility Fast (ms) SiC Air High @ OO Small
High frequency test signal production, . . . .
HPS-17000 High Serviceability Very Fast (sub-ms) SiC Air High ‘ ‘ O Medium

ERS-BIC NHR-9300 NI HPS-17000
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RELEASE: Q4 2023

Increased Precision Power
Measurement Capability

Network based high accuracy voltage, current and power
measurement with warranted specifications for battery cyclers.

Key features
Up to 2000A Current Input (depending on current transducer)

0.05% Guaranteed Accuracy on Voltage and Current Typical

1.25MSPS Sample Rate

Continuous background calibration

Gain, offset, signal path interleaving

Thermally stabilized measurements

DSUB Interface to active Fluxgate current transducers

+/-10V Input, +/- 2A
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Serving Large Labs Requires
a Software-Centric Approach

“We provide world-class measurements and power
electronics, combined with the tools and capabilities that
are criticalto ensure a safe and efficient lab at scale.”

Customer Needs at Scale

Operational Efficiency

1. Test Planning and Allocation

2. Asset Tracking and Allocation

3. Service and Maintenance

4. Remote Monitoring

5. Cross-functional Communication

Power

1. Sub-division of Power
2. On-site Energy Storage
3. Regeneration

4. Load Balancing

Facilities

Floor Loading

Fire Resistance and Mitigation
Ventilation

Storage

Roof Infrastructure

Labor Requirements

Ok wWNE
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Battery Test System - Software Architecture

Notifications Data System / Asset Test User Analytics Interactive Data Power
Aggregation Management Scheduling Management Exploration management

Sequence Algorithms/ Subsequences Operator DUT

Editor Interfaces Interaction

Configuration/

Compilation
Execution Sequence Logging Alarms and Algorithms Reporting
Framework Execution Reaction
BTS
BTS, LV, VS,
DUT Cycler Other Instrumentation
Communication Communication Equipment Technology

Communication

PX /TSN /

ni.com B ruture FuncTIONALITY




ni.com

NI BTS Web Ul Example

NI Battery Test System

A Home

Test Cells

Alarms

& D

Test Plans

]

Test Requests

Review Results
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Time
Test Cell Utilization
Reminders Test Cell 1: Calibration Due in 10 days on 11/12/2021  View Details ¢ Previous  Next >
Test Cell Utilization % Uptime %
Test Cell 1 60 [ EL g
System Faults Test Cell 2 40 [ ] 75
Test Cell 3 38 50 I
Fault Test Cell Severity Date & Time User
Test Cell 4 RN — s0 I
Temg aut of rang Test Cell 2 A\ viarming 2021-11-02 04:47:08 ARivernik TestCell 5 o N o I
Critical error occurred Test Cell 3 © Critical Error 2021-11-02 04:47.08. PBalakrishna Test Cell 6 5] N 55
Temperature out of ray Test Cell 1 A Waring 2021-11-02 04:47:08 UTahmasp Test Cell 7 ITE — 100
Load er than norma Test Cell 4 Ay waming 2021-11-02 04:47:08 CDeidre Test Cell 8 | — P —
Critical error occurred Test Cell 5 © critical Error 2021-11-02 04:47:08 ARivernik Test Cell 9 26 W 10 K
Critical error occurred Test Cell 5 @ Critical Eror 2021-11-02 04:47:08 ARivernik TestCell10 67 N - ]
Critical error occurred Test Cell 5 ° Critical Error 2021-11-02 04:47.08 PFolant Test Cell 11 54 NN 50
Page of2  Next » Test Cell 12 74 I 100
A T All Statuses v

2021 2 04:47:08

Anton Rivernik

® Running

Total Test Duration: 07:15:24

_2021-11-02 04:47:08

Operator: Peggle Folant

Step 68 /70

® Running

Total Test Duration: 07:15:24

ne remaining

Test1 2021

Operator: Parth

Step 25 /70

admin &

A “”\V(\WMH’M

‘Total Test Duration: 07:15:24

Test1_2021-11-02
ien R

4:47:08
Operator d

Step8 /70

® idle

Total Test Duration: 07:15:24

O Faulted

Total Test Duration: 07:15:24

Estimated time

Operatar: U

Step 62/ 70

® Running

Total Test Duration: 07:15:24




NI Battery Test Software Workflow
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EV Test
Solutions

® O @ O >
HARDWARE-LEVEL APPLICATION-LEVEL USER-LEVEL FACILITY-LEVEL
Define the Test Cell Write a Test Run a Test Manage Facility
Sequencing Execute test script Plan and monitor test asset utilization
Monitor energy usage

Monitor test results (pass/fail)
Real-time measurements

Measurement and stimulus
Test cell abstraction

Add the DUT
CAN database
Safe operation limits
Lossless logging
DUT abstraction

Time-dependent or critical sequencing
Maintenance

Testrecovery
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Management

Energy Usage
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System log

Reminders Test Cell 1: Calibration Due in 10 days on 11/12/2021

System Faults

Fault Test Cell

Temperature out of range Test Cell 2
Critical error occurred Test Cell 3
Temperature out of range Test Cell 1
Load higher than normal Test Cell 4
Critical error occurred Test Cell 5
Critical error occurred Test Cell 5
Critical error occurred Test Cell 5

ni.com
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View Details

Severity
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Warning
Critical Error
Warning
Warning
Critical Error
Critical Error
Critical Error
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MI Battery Test System

A Home

hboards

Reminders

ot Test Durstor: 07:15:24

® Runring.

Tota Test Duration: 07:15:24

® Runring.

Tota Test Duration: D7:15:24

Laboratory/F

adbmin

Test Cell Utilization

Test Cel 1: Calbration Due i1 10 days o0 1171212021 View Detalls < Provious Nt >
TetColl  Ubllzation %, Uptime %
TetCel1l 60 [T so
Testcenz 40 I 75—
Tecers 30 M 50—
Testcel ity Date & T e Testcers 10 M 0 —
Testcanz & wrrire 021-11:02 044700 ARsverni Getcors e NN o S
Test Cal 3 Q Critesl Evoe 20211102 04.47.08 PRaskrishna Testcets 83 I o5
TestCatl 1 A warring. 20211102 044708 Utsnmasp Teseet? 17 B 100 I
Testcella A waring 20211102 044708 Coelare Tetcets 5 I g
TestCell 5 @ Critical Eror 2021-11-02 644708 ARsvernik: B — oow -
Test Cell 5 O crital b 2021-11.02 044708 Abiverni Py ———— o
Test Cell 5 @ Crital Eoe 20211102 044708 Priant Prp i e ————
<o Pun [1Jor2 Heat 3 TetCol12 74 N 100 E—
A Statuses v
® Bunring 111,02 044700 ® Running

o I
i s

ot Test Duration: 07:15:24

Sap 0/ 70 Eots Test Duraeonc 071528

Seep ) 70

© fuites 1102004700  fuing

g 25/ 70 Fota Test Duratlonc 074524 Shep 62/ 70 ot Test Duration: 07:15:24

® Runming

fest1_2021-11-02 0447.08 ® Running
Jpesvtor Kakoan Pekast

Step 60/ 70 Fota Test Duraconc 07,15:24

Step53/70 ot Test Duration: 07:15:24

L

acllity Level

Test Cell Utilization

Test Cell Utilization %

Test Cell 1 &0
Test Cell 2 40
Test Cell 3 38
Test Cell 4 18
Test Cell 5 98
Test Cell 6 g3 I |
Test Cell 7 17 M ]
Test Cell 8 s T

o [

[
| I
| I
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Active Tests

Testl _2021-11-02 04:47:08
Operator: Anton Rivernik

Step 30 / 70

Uptime %

50
75
90
90
90
95
100
45

Y

@ Running

Total Test Duration: 07:15:24

Estimated time remaining: 03:15:30 (5:03 PM)
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Management Dashboards | Test Cell Level

NI Battery Test System awmin & O
. o Alarms
A Home P—— oSt @ g
P
Test1_2021-11-02 04:47:08
Creir ot e ‘ [ J[w [ =] Fault Battery Cell
Temperature out of range Battery Cell 2
- e e -
& vy a1 1102004700 s Critical error occurred Battery Cell 3
© CritialError 20211102 44708 PRabaishna
 r Tttt cadrcn Uros
DUT Sequence and Cell Distribution a :ﬁw i 11 2 oedron i.‘?i: &—————@ Temperature out of range Battery Cell 1
st prsy Load higher than normal Battery Cell 4
<ot e [T ot et s .
P step Status Duration Critical error occurred Battery Cell 5
1 Charging battery @ Complete Critical error occurred Battery Cell 5
2 Charging battery @ Complete DUT Comparison ot ouT2 . oute - ouTs .
3 Charging battery © Complete Critical error occurred Battery Cell 5
i cument 125000 125008 125000 1250m0
4 Charging battery @ Complete Vottage smv a5 amv szsv
5 Charging battery @ Complete Power. azskw Az azsiw azskw
6 Charging battery Complete Tamparatire | sC aAc ac DuUT 1 > | | puT2
7 Charging battery : Complete Siaie of charge e b s e put Cnmmﬁwn
8 Capacity 174 amp b (K] 174 smp hour AR 17,4 amp hour (AR 7.4 amp hor (41] -
8 Charging battery @ Complete ek 175 motens 175 motrs 175 monms 175 motes
9 Charging battery @ Complete State  hesith 10 100% 100% 10m% Current 125 amps 125 amps
10 Charging battery @ Complete Cumulated smp hours. 1021 amp houes. 1021 amps haurs. 1021 amp hours 1021 amp houes.
1 Charging battery @ Complete o maxvolaen anev v azsv Voltage 425V 425V
12 Charging battery © Complete e o o o o Power 425 kW 425 KW
13 Charging battery @ Complete Cell min temperatize: s48c 8sc 38C s8¢ ’ '
14 Charging battery @ Complete Temperature 38C a8 C
15 Charging battery @ Complete DUT Sequence and Cell Distribution Devices Expand Al Cotapee Al
16 Charging battery © Complete e State of charge 62% 62%
17 Charging battery @ Complete P ot ouation
18 Charging battery @ complete | Oupmbesy  @Gks 03000 o J— o o i Capacity 17.4 amp hour (Ah) 17.4 amp hour (Ah)
19 Charging batter Complete 2 Oty @ o0
ot Char:inz baﬁe: g o P:gressv.. : x-:-::mv: xnx o0 Crder Constant Curent 100 amps. sy 425 hatts DCR 175 mOhms 175 mOhms
S Cpigen Conmiee 03000 s pa— s . o
¢ G @ cam et e o a N P State of health 100% 100%
istributi : P G @ cam B
Battery Cell Distribution view: Temperaure [JSEERN g @uee  oum Cumulated amp hours 1021 amp hours 1021 amp hours
e T
ety @Omm o
o @om  om Damegtges Cell max voltage 376V 376V
- P s
cell 50 gtery Cotn 03000 e ——
e 15 oty Goe 030 .
5 - 4o T o= Devices
3 I —— compte 03000
2 ” Charging battery D Complete. omm
; e NMoydes
3
“ Battery Cell Distribution e Tesperatus
G Device Mode Current Voltage
A -
1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 : Cyecler 1 Constant Current 100 amps 425v
Battery Cell #
Cycler 2 Constant Current 100 amps 425v
106 3 18 0 2 % % @40 K 06D 0N
sty et
Dowa Cycler 3 Constant Power 100 amps 425v
Do
Do
Cycler 4 Standby 100 amps 425v
T
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Using Data to Improve Batteries

INSIGHTS FROM TEST DATA

PRODUCT LIFECYCLE

“The validation test data we
get from NI systems enables
our engineering teams learn
more about our batteries and
find ways to improve them
even after they’re on the field”

HENRIK RUDELIUS

DIRECTOR, VALIDATION AND SIMULATION
BATTERY SYSTEMS

NORTHVOLT

ni.com
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Solution for Large-Scale Lab Management Enabled
by NI SystemLink Enterprise

Enterprise Infrastructure Key Capabilities
TestSelectionand Setup
i — ) Ii!: Asset Tracking and Management
= -
SYSTEML INK Custom Grafana Dashboards
Data Aggregation
Analytics for Anomaly Detection
l j -
N Software Configuration Management
Sl
BTS SERVER Power Management

Test Scheduling and Automation

ni.com




il BT1S Laboratory Information Management System (LIMS)
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https://test.lifecyclesolutions.ni.com/testinsights/results?viewId=63efa02919175a6a922d579a
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Battery Lab Management System Demonstration
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Link: Battery Test Analysis Demo
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https://test.lifecyclesolutions.ni.com/testinsights/results?viewId=63efa02919175a6a922d579a

Charge/Discharge Current | Visualization with Jupyter Notebooks

Z HPPC Report.... 2) - Jupyterlab X + Ve = X
< C @ enterprise-dev.systemlinkcloud.io/jupyterhub/user/87814fa1-32fd-4f87-8cb4-e6c423c31869/lab/tree/deployment/HPPC%20Report.ipynb 2 w *» 0O O :

File Edit View Run Kernel Tabs Settings Help

L)

[ B * [¢] [W Generate HPPC Report.ipynb X | [ HPPC Report.ipynb e + L
B + X O B8O » m C » Code v B # Python 3 (ipykernel) O
‘ Filter files by name Q “ -
o 8 / deployment / plot_scatter_by_class(df, "DateTime", "Current_A", "StepDesc", "Date / Time", "Current (A)", "Step Desc", "Current Over Time") e
.— Name - Last Modified
T mold 3 days ago Current Over Time
% [®] Create Test ... 2 days ago ] Q
[® DQ-DV Rep... 23 minutes ago 0] bt o Tl e e et |~}-
[W] Generate D... 11 days ago ] | Step Desc jeo
[ Generate H... 11 days ago io ] H @ Rest - Start of Test - SCT and HPPC Jg,r
] l @ Discharge - C/3 Rate to 0% SOC - Start of SCT Jp
] ® Rest- 1 Hour OCV after Discharge ‘v*-T
20 - @ Charge - C/3 Rate to 100% .
_ ] ® Rest- 1 Hour OCV after Charge end of SCT Section e
§ ] _\ _\ @ Discharge - C/3 Rate to SOC Setpoint (List) - Start of HPPC | 5
E D) U i R e e = ’ ® Rest - 59 minutes at 1.0 Acq Rate Before Pulses
3 ] @ Rest - 1 minute at 0.1 Acq Rate Before Pulses
20 4 8 i ——— R T @ Discharge - C Rate Pulse for 10 seconds
] @ Rest - 40 Seconds between Pulses
] @ Charge - C Rate Pulse for 10 seconds
-40 + ® Rest - 60 seconds after pulse pair
] ® Rest - 1 Hour after pulse pair - End of HPPC
] L — . @ Charge - C/3 Rate Back to 50% SOC for storage
- ] ® Rest - End of Test
i T T 1} T T
12h 2/29 12h 3/01 12h
Date / Time
< »
| o RNV
Simple 0 1 &  Python 3 (ipykernel) | Idle Mode: Command @ Ln1,Col 1 HPPC Report.ipynb

ni.com
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NI Product Analytics Services — Recent Engagement

EV Battery — Performance Data and Analytics for Top Automotive OEM

Project Scope:

+ Deliver a battery analytics data solution that scales across all customer EV battery labs

+ Complete solution includes hardware test systems + automation SW + integration services/IT support
+ Built the complete data solution — architect and integrate into customer’s existing IT systems

» Design for security, reliability, and performance — with enterprise requirements in mind

NI Data Platform

Web Interfaces

- @
@ TR @ F b B
- f?\l_ﬁ

Current Test Cells E NI SystemLink Client

Interactive Data Analytics

=

Reports and Approvals

-

Cell/Pack Meta Data Data Alignment
Maintenance Data Across all sources
Limit Sheets * Existing plugins

E NI SystemlLink

* Python parsers
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Power Management

vV

A\ 4

TEST CELL 20 ENERGY USAGE

M, M

TEST CELL 19 ENERGY USAGE

TEST CELL 6 ENERGY USAGE

Operate Safely and Responsibly
Continuously monitor energy usage of all equipment
Promptly perform mitigation procedures and alarms

GRID AND EQUIPMENT SAHRETYa WIRESHOLD

Optimize Energy Usage
Evaluate projected energy needs to recommend test scheduling

Minimize energy consumption and maximize asset utilization




Exploring SystemLink Enterprise and Its Use Cases

Data Collection and Visualization

Securely Connect Systems and Transfer Data
« Manual upload via WebUI

 Automated data collection via APIs

Data Management
» Ingest file, test results and tabular data

* Metadata enrichment
* Quickly search, group and sort test results
» Ability to link test results to dashboards and report

Visualization
* View data tables in interactive view

« View and manage products

BATS Cell Lab|

Build query

Workspace

Created

Extension

is before

BATS Pack Lab

23-Mar-23 13:28:44




Exploring SystemLink Enterprise and Its Use Cases

Test Data Analytics

= Jupyter

File Edit WView Run Kernel Tabs Settings Help

Analysis Routines Development in JupyterHub : o [P
 Generate HTML and PDF reports e e
* Create ETL routines to transform data B

o [A DemoETL... a minute ago

- Simple ETL Example

This example demonstrates a basic Extract, Transform, Load pattern for taking measurement data in various formats and normalizing
to SystemLink DataFrames. It utilizes the File Service to download a specified file, the DataFrame Service to store the normalized

b C re ate C usto m C O mputatl 0 n and metrl CS - test and measurement data, and the Test Monitor Service to link the metadata from the test data to the created DataTable in a highly
searchable manner.
Imports

Import Python modules for executing the notebook. The requests and json libraries are used for communicating with the various

A n alys IS au tO m at I n g , ru n n I n g : an d m O n Ito rl n g SystemLink service's enpoints. Pandas is used for building and handling dataframe. Scrapbook is used for running notebooks and

recording data for the SystemLink Notebook Execution Service.
» Defined routines to run notebooks on file Rl S AcessConrl 1 th o Sytriok AP ala b ook e APy il e sr 2.
The SYSTEMLINK_HTTP_URI environment variable gives the base URL to the SystemLink instance executing this notebook.
upload and update, on data table append, .
. Aipart. repvosts
and on scheduled calendar time izort 320

import pandas
import scrapbook

 Run notebooks on the selected file and T A

sl_uri = os.getenv("SYSTEMLINK_HTTP_URI")
data tables on demand barametors
1 These are the parameters that the notebook expects to be passed in by SystemLink. For notebooks designed to be triggered by file
i I nte g rate nOte bo o kS WI t h das h bo ards to actions as defined in the Routines Service or by pressing the 'Analyze’ button in one of the SystemLink files grids, they must tag the
. . . cell with 'parameters' and at minimum specify the following in the cell metadata using the JupyterLab Property Inspector (double gear
display high-level computed metrics and plots



Exploring SystemLink Enterprise and Its Use Cases

Test Monitoring and Insights

Viewing fleet wide test results
= View and query product and test results.
= Drill into test steps and measurements.

Creating Test Module Dashboards
» Create dashboards to display test and KPI data.

Trending Test Data

» Visualize test performance over time.

= Plot test data against metadata associated with
the test.

88 Demo [ Validation Test Operations & =5

System Status

wwwwwww

Started ¥

2023-02-08 22:33:32
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Vehicle Energy Facility I1|

);l Accelerate test system development
@ Maximize reuse of battery testing investments
N e T e

Connect battery data to improve
— * performance through changes to software




Software-
Defined
Battery Lab

Open and Flexible Approach
to Automate the Validation Lab

Elijah Kerry
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Question & Answers

Please submit your question through Q/A chat pod.
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