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Customer Challenge

A "In the past, we’d replace engine components early
under warranty if there were reliability issues.

But EV batteries have thousands of unserviceable
components and a 10-year (or 150,000-mile)
warranty.

A reliability issue could bankrupt us.

A Here's what | need:
* over 10 years (or 150,000 miles),

* | want fewer than 5% warranty failures in my
batteries,

* with at least 90% confidence before we go to
market!" ’

How do we calculate this?
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Qualifying an EV battery

Historical
Customer spec.

Qualify this EV battery system for vibration
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Qualifying an EV battery

Target
customer

Qualification
test

Simulation A-Class
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Qualifying an EV battery

Target
customer

1. Statistical target customer analysis

2. Make it scientifically reproducible

Qualification
test

X in-the-loop

Virtual proving ground Fleet test vehicles

i

Multi-body Dynamics

Simulation
models
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Qualifying an EV battery

Statistical Confidence
b) 45 Specimens, 95% Reliability

n=45

'« 0.9
a = 0.95

Reliability Function
Mass function
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Qualifying an EV battery

Target
customer

W

Qualification
test

Simulation

3. Accelerated qualification testing
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v 4. Simulate the qualification test
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Question:

What are the benefits of Virtual & Physical Testing?

1.

2.
3.
4

Before Physical Testing
During Physical Testing
After Physical Testing
Long-term benefits
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Benefits of Virtual @ Physical Testing

v Before physical testing —

v" Will it pass the test?
v" What’s the safety factor?
v Can it be lighter or cheaper?

v" Am | confident enough to start expensive
prototype testing?

v" Spotting failure modes and their location?
v Where will it fail?
v Is the failure subtle or obvious?

v Do the failure modes match previous
experiences?

v"|s it ok to simplify the test?

v" How does simplification affect component life?

XY Display oo
}\m Ch 1 : Vibration Generator Channel : Maximum Powe
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v Do | need extra tests or longer tests?

v" What input loads should be used to get the desired
responses?
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Benefits of Virtual @ Physical Testing
v During physical testing —

v" Adding extra sensors?

v Sensor optimization
(accelerometers, strain gauges, displacement
transducers, thermocouples, etc.)

v" Comparing physical and virtual sensors?

v Virtual sensors to match physical

v" Comparisons made in time, frequency, and
Rainflow cycle domains

v" Improving my simulation model?

v" Compare natural frequencies & mode shapes

v Measure accurate damping parameters
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Benefits of Virtual @ Physical Testing

v After physical testing —

v What if my component fails the test?

v" Simulate the failure mode Simulation:

v" Check the fixtures/boundary constraints/ 31 hours to failure

damping /material parameters

@ 12-hour validation test
v Play what-if games to fix it

v" What’s my reliability risks?
v" What’s my real safety factor?

v" Should | test to failure?

v" How many tests should | do?

v" What next?
v Use the simulation model in the ‘Body-in-White’

v Use simulation with confidence to explore design space
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Benefits of Virtual @ Physical Testing

v" Long-term benefits —

Improve my “Simulation Readiness Level”

v towards “Zero Prototype Design”
v towards “Qualification by Simulation”
v confidence to further explore design space

v fully qualified Digital Twin

Simulation Readiness Level (SRL)

1 2 3 4 5 6 7 8 9

®) &

No confidence in Fully confident in
my simulation my simulation
No physical
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Conclusions

Here’s what | need: \

over 10 years (or 150,000 miles),

| want fewer than 5% warranty failures in my
batteries,

with at least 90% confidence before we go
to market!"

How do we calculate this?

Virtual Physical Test = high confidence

Simulate the test — Virtual Testing

Use additional measurement instrumentation:
a) to verify stress/strain simulation results
b) to obtain improved analysis parameters

Run qualification tests to failure to verify fatigue
simulation

13 | www.hbkworld.com | © HBK — Hottinger, Briiel & Kjeer | All rights reserved

Challenge 1: How to manage physical testing as part
of a stage-gated product design cycle?

1. Physical tests take a long time °- fatigue is an ageing
failure mode

2. Tests start late in the design stage

Answer:
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Conclusions Challenge 2: How to validate high statistical variance?
x| ** Need to model variability as well as mean life

Here’s what | need: | <» Uncertainty Quantification & Stochastic Design

* over 10 years (or 150,000 miles),

* | want fewer than 5% warranty failures in my
batteries,

* with at least 90% confidence before we go 1
to market!"

Reliability vs. Time

How do we calculate this?

0.8 \E
Virtual @ Physical Test =2 high confidence i
: Test, Life in cycles
o6 \ iU 351, 6:
1. Simulate the test — Virtual Testing z | M o
2 ! 3 465,000
2. Use additional measurement instrumentation: = : v oo
a) to verify stress/strain simulation results | Mean 505, 286
b) to obtain improved analysis parameters i Ratlo (mazmin) 1848
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Conclusions

Here’s what | need: \

over 10 years (or 150,000 miles),

| want fewer than 5% warranty failures in my
batteries,

with at least 90% confidence before we go
to market!"

How do we calculate this?

Virtual Physical Test = high confidence

Simulate the test — Virtual Testing

Use additional measurement instrumentation:
a) to verify stress/strain simulation results
b) to obtain improved analysis parameters

Run qualification tests to failure to verify fatigue
simulation

Validate reliability target using combination of
virtual & physical test
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Enhance “Simulation Readiness Level” -

a) towards “Zero Prototype Design”

)
b) towards “Qualification by Simulation”
c) confidence to further explore design space
)

d) fully qualified Digital Twin
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Thank you
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