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Structural Challenges for Battery Durability and Reliability

4 Abstract

Mechanical and durability aspects

Like their thermal-engine counterparts, electric vehicles are susceptible to structural fatigue failures. The mechanical
complexity of the battery structure and its mountings also give rise to significant additional fatigue failure issues. Insights into
these structural and vibration-induced failures enable engineers to eliminate the risk of fatigue failure, improve the durability
of electric-engines, and increase vehicle reliability. In this presentation we consider: Fatigue design of battery packs,
accelerated vibration testing of battery packs, and fatigue analysis of electric vehicle structures.

Statistical and reliability aspects

All electric vehicle batteries degrade overtime. Their performance, however, varies by model and external conditions such as
usage, temperature, and charging methods. In order to improve the overall reliability of the battery system and avoid
excessive warrantee exposure, it is important to understand both the mean life and the statistical distribution of lives for the
battery. Furthermore, understanding how the battery degrades over time will lead to significant improvements in battery
design, reliability and vehicle efficiency. In this presentation we consider: Battery life analysis, battery performance
degradation modelling and analysis, and FMEA for new failure modes.

4 About the presenter, Dr. Andrew Halfpenny

Dr. Halfpenny has a PhD in Mechanical Engineering from University College London (UCL) and a Masters in Civil and
Structural Engineering. With over 25 years of experience in structural dynamics, vibration, fatigue and fracture, he has
introduced many new technologies to the industry including: FE-based vibration fatigue analysis, crack growth simulation and
accelerated vibration testing. He holds a European patent for the ‘Damage monitoring tag’ and developed the new vibration
standard used for qualifying UK military helicopters. He has worked in consultancy with customers across the UK, Europe,
Americas and the Far East, and has written publications on Fatigue, Digital Signal Processing and Structural Health
Monitoring. He sits on the NAFEMS committee for Dynamic Testing and is a guest lecturer on structural dynamics with The
University of Sheffield.
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What are EV customers doing with our software?

1. How do they use software today?

2. What are their challenges?

3. How can we help them?

[

Mechanical &
durability J

= e

Vehicle Electrification

o

Fatigue design of battery packs
Accelerated vibration testing of battery packs
Fatigue analysis of vehicle structures

Electric motor efficiency &
loss mapping

- Electrical &

L signal processing

) Power measurement &

analysis
P y

I AL Y
Statistical &

. reliability |
\_7 4

Real-world battery usage &
vehicle efficiency assessment

Battery life analysis

Battery performance degradation
modelling & analysis

FMEA for new failure modes

Reliability Surface Plot
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What are EV customers doing with our software?

Mechanical &
durability

J

PUBLIC

Fatigue design of

battery packs

" Accelerated vibration
~ testing of battery packs

Fatigue analysis of
vehicle structures

Large number of mechanical &
electrochemical components

Thousands of cells ‘welded' together Vibration-induced fatigue

Complex mounting constraints

Variable damping --> resonances
Complex internal structure

Large frequency excitation range T
GlyphWorks Accelerated Testing

Progressive failure --> decline in battery ~—
performance

Impacting durability, reliability, SOH,
warrantee exposure & brand image

Need for shared platforms
Different weight distribution '
) @signLife structural fatigue
Structural use of batteries _ e
Large relative movement

Mounting points & connections

HBK 3
5

HOTTINGER BRUEL & KJ&ER



What are EV customers doing with our software?

Vehicle range optimization

Electric motor efficiency Broadening & maximizing the optimal region

& loss mappin
PPIng Calculation of efficiency/loss contour maps

Use of high-speed digital data acquisition

Energy:
DC <-—-> AC <--> Mechanical <--> Kinetic

| Electrical & \| Power measurement
& analysis

& signal processing |

AC power complexities:

. . - harmonic distortions
- non-sinusoidal

4 - frequency-modulated torque rlpp.le .
. - structural vibration
- transient ..
. - efficiency losses
- multi-phase

Real-world road & driving conditions

Target customer analysis
Real-world battery usage &

vehicle efficiency assessment Understand trends in efficiency over time

Better prognostic models to improve real-world
reliability, maintenance & maintain battery SOH

4 | PUBLIC
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What are EV customers doing with our software?

Modelling deterioration in battery SOH

Battery life P N
an alys%:i Estimating B10 life, etc. '\___EEI_'_??"R Welbull++/

Remaining reliable life estimates

Investigate correlation between
usage & charge/discharge patterns _— —

" Reliasoft Weibull++

(——— Battery performance Investigate electrochemical degradation ‘\/ nCo;l: GIrphV\!orks /"1
reliabili ‘ degradation modelling & . \mfc IR earmngf’_ =
& ty Y, analysis Combine lab tests & real-world usage P

Develop data characterisation models

Reliability Surface Plot

Develop statistical battery deterioration model

Complex batteries with novel failure modes

High-impact failures '\/.Eeliaso e EA)

FMEA for new
failure modes

FMEA - system, design, manufacturing process
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Upcoming Webinars — Electrification

6
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e

https://www.hbmprenscia.com/webinars

November12 — 10 AMET /4 PM CET

Designing and Testing Endurance of Structural Components
for Electric Vehicles

November 18 — 10 AM ET /4 PM CET

Electrical and Signal Post-Processing Techniques for AC Power Analysis
in ElectricVehicles

December 2— 10 AM ET /4 PM CET

Applying Statistical and Reliability Techniques for Determining Battery

Life in Electric Vehicles
HBK:
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https://www.hbmprenscia.com/products/vehicle-electrification
https://www.hbmprenscia.com/webinars
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