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Impact of Al on Engineering

Percent

Share of Industry Employment Exposed to Automation by Al: US
Percent

Exhibit 5: One-Fourth of Current Work Tasks Could Be Automated by Al in the US and Europe
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Today’s Presenter

Dr. Gerald Sammer

Principal Business Field Owner, Battery & BEV.

M.Sc. in computer science and a Ph.D. in economics.
30+ years professional experience in computer science.
25+ years experience in automotive technologies.

AVL representative in the technical steering committee of the ASAM
standardization group for automotive standards.
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About Us

At AVL, we are one of the world’s leading mobility
technology companies for development, simulation and
testing in the automotive industry, and in other sectors
such as rail, marine, and energy.

Based on extensive in-house research activities, we
deliver concepts, technology solutions, methodologies,
and development tools for a greener, safer, better world
of mobility and beyond. i 7
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AVL at a Glance

1948

Founded

75+

Years of Experience

©
29

Countries
Represented

50+

Global Tech and
Engineering Centers

2
12,200

Employees Worldwide

68 %

Engineers and
Scientists

10 %

Of Turnover Invested
in Inhouse R&D

2,200

Granted Patents
in Force
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AVL Software,

Application Know-
How

Propulsion systems

Next generation vehicles

Automated and
connected mobility

Electrification of
functions

Al and Data Intelligence

Embedded Software Development

= E/E platforms and integration

= Advanced Driver Assistance Systems
(ADAS) and Automated Driving (AD)

= Functional safety and cybersecurity

= ASPICE compliant development

Cloud Software Development

Customized data pipelines
Scalable analytics
Automated CI/CD pipelines

Simulation, Test Software and
Methodology

= Design and simulation solutions
» Functional testing (MiL, HiL, SiL)
» Lab and process management

» Test automation and virtualization

Artificial Intelligence Solutions

LLM utilization for Requirements
Data analytics for development and
fleet data

Anomaly Detection

Failure prediction

Root Cause Analysis

All software solutions contain our innovation, engineering legacy and application insight.
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eAI Accelerated Cell Aging Tests

@ Production Scrap Reduction

AGENDA

") BMS Optimization

@ SOH Prediction and Analysis

# AN Reduction of Product Re-Calls
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Al Accelerated Cell Aging Tests




Influencing Factors on Cell Ageing
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CycleEnd
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Al Accelerated Cell Aging Tests

Target: Capacity loss until EOL (e.g. 80% SOH)
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Al Accelerated Cell Aging Tests

Accuracy: 1-4 months reduction based on 12 months test campaign

Error [% SOH]

4,5

3,5

2,5

1,5

0,5

Normalised error vs. prediction period

2 3

Prediction period (months)

Error rate of predicted aging
values with shortened test time

= 2 months cut (15%):
0.5% error rate

= 4 months cut (30%):
2.5% error rate
e=mR MSE

= Further optimization with
Active DoE (AVL CAMEO™):
40% reduction
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Production Scrap Reduction

Battery cell factories are facing 30-50% scrap rate during production!

Cathode Particle Radius
Catt}ode Separator Anlode
1 l r 1

Cathode Porosity

Anode Particle Radius

Anode Porosity

Cathode Thickness }:
Anode Thickness

Goal: Reduction of production scrap from IS ReRsR/)

with optimized cell performance
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Production Scrap Reduction

Mathematical design of the Machine Learning Optimization of performance
application versus scrap rate

Central Composite Design
Box Behnlken Design
D-Optimal Design

Latin Hypercube Sampling Design
50 esign.

Full Factorial Design

*) DoE: Design of Experiments
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Production Scrap Reduction

Capacity 2300 As 2606 As 2437 As
Losses 750 Ws 731 Ws 640 Ws
Scrap - 50% 5%

2000, 377

The cell with 2437As capacity and
640Ws losses can be produced with
5% scrap considering given

G P AT tolerances.

1000!

TotalEnergylLoss [Ws]

Optimized cell performance:
5090 Scrap

| e Production optimized design:
1r£00 1500 2000 2500 3000 5 o/o SCra p

TotalCharge [As]

500
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Al & Cloud Optimised BMS

Cloud-based SoH

Battery health indicators

4

Heakhy

Unhealthy

Al model in the cloud

Optimized
control
strategies

. I
Vehicle Battery I

Lifetime Prediction

Challenges

and BMS system = Diverse operating conditions

= Detect warranty events

= Maintenance planning

|
|
|
|
|
Anomaly Detection :
|
|
Exact SoX status l

|

= SoX prediction




Al & Cloud Optimised BMS

w—— SOH onboard
100 - \\ — Prediction
= Onboard BMS are limited in

9 4 predicting SOH & SOC
2 98- = Al based cloud BMS
T systems provide robust
2 97 trend predictions for SOH &

SOH
% K
95 4
Tn’ ; & Y(\P '6\ & Wo?’ 1\9 T\‘\ Y\."' Yo\




AVL

SOH Prediction and Analysis




SOH Prediction and Analysis

SoH Estimation On Board

(RC modelling for single vehicle)

Range and SoH /o % Influencing factors on
(Meta modelling for 1 W 4 i O range & SoH for
complete fleet) i L N b i complete fleet

-

r///L,f’l/VL /f,/ f]r"’/lz

s e e+ | Current RC & SoH
- for each vehicle . . .
MM}J JMJLI Neural Network model training for range and SoH depending on driving
N e i | and ambient conditions based on the complete fleet.

o
0

Lifetime Prediction

) ) (Machine Learning incl.
Estimation of battery health ‘ Federated Learning for

based on RC parameter model training)
identification for dynamic driving
cycles for each vehicle.

Remaining
Useful Life
for each vehicle

Capacity in Ah
s s =

0 100 200 300 400 500
Number of Cycles

Machine learning approach to predict the future behavior of the SoH
based on the historic battery data. A Federated Learning approach is
used to train the corresponding model over several fleets.
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Reduction of Product Re-Calls

Anomaly Score , i Battery failure VIN / Vehicle™)
. . 1FAFP45X83F403461
Al Trend PrEd|Ct|On Reca”S 1C4NJPBA1CD661292
1G8ZF5287X7363384
WMWRC33474TC49530]  74.1%)
WPOCA29924S650563 68,9%
WV2YB0257EH008533 64,1%
S5TEWN72N637275910 60,7%
1GCFG25F6V1059733 54,1%
Jan 20 il Tn 2022 unn 261WH55K5Y9322458 52,7%
Potential identification SAJWA2GEXBMV00832 46,0%
3 months before fa”ure 5XYKT3A69DG353356 43,6%
2B3ED56F5RH142129 43,4%
4VAN99EH3CN554692 42,5%
Benefits. 1G4HP54KX24151104 42,2%
) 1FMCU14T6JU400773 36,2%
JHMSZ542XDC028494 30,8%
« 92% less product recalls P p—p——
Lo . . JHADA9340LS003571 26,5%
« Hundreds of million $ saved in repair cost LFAFPS8S11A177991 | 23,5%
JM3TB2MA5A0235007 19,2%
« Safeguard brand reputation ACaripanrLiaecT -

Joint publication with Jaguar Land Rover at the 10th International Symposium on Development Methodology, Nov. 2023 *) Listed VINs are not real ones
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Contact

Dr. Gerald Sammer

Principal Business
Field Owner
Battery & BEV

®© © O

gerald.sammer@avl.com

AVL List GmbH
Hans-List-Platz 1
8020 Graz
Austria
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https://www.linkedin.com/company/avl-deutschland-gmbh/mycompany/?viewAsMember=true

Thank you
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