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1. Replicate lab conditions (shaker test)

2. From roads to loads (digitized roads) for full
vehicle durability

3. Define and optimize vibration test (surrogate | HRAN I | o T
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» The frequency-based approach natively fits the vibrational certification
requirements, from sine sweep analysis to random PSD profiles (as in
IEC 62660-2, 1SO 12405 SAE J2380, USABC, ECE R100, UN 38.3)

« Early Insights on damaging conditions and critical components, rapidly
assessing multiple variants and what-if studies
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« simulating other environmental effects (hard to represent in test)
affecting fatigue material response, such as extreme high or low
temperatures

4 | hexagon.com



Single Input Base

o {);.— 1- 5{02350992392_3 ——@— 2 - E:1023509 8]1.01 81.01
ji_j \ 11 o AN Vel
Input Loads N user supplied input PSDs
(PSDs) . — (e.g. acceleration in g?/Hz)
1E-2 — .
multiplied by o
g ransfer function at given
System /\ location (e.g. x, y direction)
Properties e .,,._mdﬁs./ L R P—
(Transfer Functions) 0 ¥ 160 130
8o
§2E+2
ey ﬁy/k
Response o i . L

PSDs

5 | hexagon.com




Focusing on the fatigue vibration simulation of a HV battery, in this presentation we are
addressing loading and computation challenges, including

= The automation of key functions in conditioning acquired loads and in the
generation of ready to use inputs for the frequency domain

= The use of structured and integrated workflows, shareable and repeatable, also
for the benefit of non-specialist workforce

= A modern «native» frequency domain architecture leading to high computational
efficiency
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Hexagon EV model development roadmap

Design and Optimize the Battery Pack
= Load transfer paths
= Protect battery modules
= Durability

Integrate the Battery Tray into the EV BiW

= Leverage to improve global stiffness

= Define attach point requirements

BIW + Battery

Analyze Full-Vehicle Behavior Torsional Stiffness 32
kNm/°

= |mpacts
= Vehicle dynamics

= Durability

7 | hexagon.com



Hexagon HV Battery pack virtual test model

FE model
767808 nodes

- 1M+ elements

- 15 properties

- 6 materials
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Model

Energy

Capacity

Voltage

Cooling

Mass

Number of modules
Number of cells per module
Number of cells per battery
Cell type

Hexagon-CsBP
60 kWh

150 Ah

400V
Water-glycol
375 kg

8

17

136

Prismatic

Vertical 1G load
deformation



A simulation roadmap encompassing

« Obtaining FE transfer functions (X, vy, z
directions)

« Computing damage according to applicable
standard

« Computing damage according to proving ground
events
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Individual Single Input Base
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Individual Single Input Base
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A two-pass approach for automatic hotspot detection
« output reduced from 30GB to 5GB in this case
» Adjust/increase frequency solution point distribution
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Vibration Fatigue Analysis with loads from virtual proving ground
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= MBD provides X,Y,Z time loading at the Battery location for increasing
constant speeds and/or for different configurations

* The time load needs to be converted to the frequency domain

Time Signals :
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time domain loads conditioning and PSD generation -“Time2PSD”

« Editing the signals and
generating readily available
frequency domain input |

 Mean stress removal
 Stationarity checks

 Collate statistically similar
sections :

« Auto choice of FFT buffer length
(T) for all events simultaneously

Treat the stationary (similar) segments as a separate event.

» Generate correlated input PSD .
matrix (accounting for phase ¥
relationship between channels)

Direct PSD || Cross PSD | CrossPSD | Cross PSD e
1-1 1-2 1-3 1-4

Cross PSD || Direct PSD || Cross PSD | Cross PSD

Cross PSD | Cross PSD || Direct PSD || Cross PSD
1-3 23 3-3 34

Cross PSD | Cross PSD | CrossPSD || Direct PSD
14 2-4 3-4 4-4
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Examples of FE-MBS integrated vibration fatigue workflows have been shown on a reference
HV battery pack

 Visual and graphically driven workflows with nested frequency domain load conditioning
- Enhance our capability to understand, interpret, modify/react and repeat (early)
- Are easily shareable and repeatable across a team, including non-specialists

- help abridging simulation with testing as well as OEMs with suppliers

« The nature of the frequency domain combined with modern algorithm efficiency enables
processing of very large problems with limited computational resources (home office laptop),
as well as working in batch (e.g. Linux sever or cloud)
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A team of Hexagon senior simulation specialists have contributed to this presentation:
= Fatigue modelling: Dr Marco Veltri, Dr Neil Bishop, Benjamin Grozdanic,

= Battery Design: Dr Luca Castignani

= FE modelling: Richard White

= Multibody Dynamics: Mauro Vesco, Manuel Chene

Thank you for your attention!
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