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Not so long ago...
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발표자 노트
프레젠테이션 노트
It wasn’t very long ago that, when I would ask you about challenges in engineering a car battery, we would have a very brief conversation:

<CLICK> (show traditional car battery)

But times have changed dramatically and now, if I ask the same question, we have a very different, much longer, more detailed conversation:

<CLICK> (advance to show new e-powertrain battery cell/pack)
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발표자 노트
프레젠테이션 노트
https://www.plm.automation.siemens.com/global/en/industries/automotive-transportation/battery-modeling-simulation.html?ste_sid=b42d796d6dd19d5ba9f04d7bbf597f36


Now we’re conversing about electric vehicle battery packs!

<CLICK>


Today
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발표자 노트
프레젠테이션 노트
https://www.plm.automation.siemens.com/global/en/industries/automotive-transportation/battery-modeling-simulation.html?ste_sid=b42d796d6dd19d5ba9f04d7bbf597f36


And in that conversation
<CLICK>
-we’ll talk about fundamental cell design; things like the advantages of cylindrical cells vs. prismatic vs. pouches, cell formulations, packaging space, weight
<CLICK>
- we’ll talk about performance; things like power density, charge and discharge rates, and vehicle energy management
<CLICK>
- and maybe we’ll talk about the costs of the battery pack, the supply chain reliability, resourcing and human rights from providing countries
<CLICK>
we’ll also talk a LOT about safety: like thermal runaway and propagation rates, maybe damage testing

No one is immune to the challenges of these topics.  They come with the territory of building a battery electric vehicle. 


Battery 2030: A Share to Take
+30% $100bn 4.7

annual growth rate in revenue TWh will be needed
(CAGR) from 2023 by 2026. in 2030.

to 2030.

Source: McKinsey 2022 Source: MarketWatch Source: McKinsey 2022
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15

global suppliers are
predicted to lead the
industry.

Source: McKinsey 2022
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발표자 노트
프레젠테이션 노트
So there’s LOTS of challenges to address, but there are also big rewards to be had!

Analysts see dramatic growth ahead in the electric vehicle battery market, with a greater than 30% growth rate for the next few years, a market worth $100 billion in revenue by 2026, a stunning 4.7 terawatt-hours of capacity production by 2030, and much of this expected to be supplied by 15 industry leaders.

https://www.mckinsey.com/capabilities/operations/our-insights/power-spike-how-battery-makers-can-respond-to-surging-demand-from-evs
https://www.mckinsey.com/capabilities/operations/our-insights/power-spike-how-battery-makers-can-respond-to-surging-demand-from-evs
https://www.marketwatch.com/press-release/battery-technology-market-size-from-2023-to-2026-with-swot-risk-and-pestal-analysis-in-latest-report-2023-02-13#:%7E:text=In%202019%2C%20the%20global%20Battery,6.8%25%20during%202022%2D2026.
https://www.mckinsey.com/capabilities/operations/our-insights/power-spike-how-battery-makers-can-respond-to-surging-demand-from-evs

How can you ...

deliver next gen
battery innovations
at scale and at speed?
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발표자 노트
프레젠테이션 노트
In short, battery development is a challenging and novel endeavor whether you're a startup, a current battery producer, or an OEM entering the market with decades of automotive experience. But the market forces are strong and the draw to be in this market is compelling.

Thus, the question is <CLICK>
 
How will you develop battery cells, modules, and packs that meet safety and performance goals and get them to market fast enough to secure your position as an industry leader?




A Simcenter solution

-Te[- 4 Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | Where today meets tomorrow. SI E M E N S


발표자 노트
프레젠테이션 노트
Luckily, the Simcenter portfolio is here to help!

<CLICK>

If we look at typical stages of battery design and simulation, we can see the coverage offered with Simcenter is broad.  While there are examples to address all stages of development, I’ll touch on just a few key ones today, and I strongly encourage you to reach out to your Siemens representative to learn more if we don’t cover what you need directly here today.

So let’s have a quick look at a couple of key areas and even see some examples of how our customers are leveraging the Simcenter solutions today along the way.

<CLICK>
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발표자 노트
프레젠테이션 노트
Nothing to speak to on this slide, just a filler for transition.


Pack . Performance, Structural
Battt_ary pack Cell development electro-thermal Ul el Vet lofgiernel energy integration and
requirements pre-sizing and safety development consumption testing

Early battery sizing for any kind of vehicle architecture

Start from the requirements at the
full system level: passenger car,
truck/bus, heavy equipment, etc.

Define the battery capacity and
power on certified test procedures or
custom drive cycles

Benefit from a database of
commercial battery cells to compare
various battery chemistries and their
impact on the full system
performance
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발표자 노트
프레젠테이션 노트
We need, first, to understand the requirements of the battery pack we’re designing.

<CLICK>

With Simcenter, you can start at the full system level to define what capacity and power are needed based upon required test procedures or drive cycles.  This works no matter what system you’re designing, be it an electric passenger car, heavy equipment, a grid…it doesn’t matter!  You can also leverage the benefit  of a built-In database of commercial battery cells, allowing you to view trade-offs of common cell chemistries and how they impact the full system performance.

<CLICK>


Drive innovation efficiency of your chemistry research
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Predict ionic mobility and
conductivity and provide material
property for cell design stage

Shorten time for material
characterization and chemistry
validation
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발표자 노트
프레젠테이션 노트
IF we then move on to look at the fundamental development of the cell

<CLICK>

We can use Simcenter to look at the fundamental materials we’re using in our cells.  Using molecular chemistry methods, we can supplement the work done in the lab with robust and traceable simulations, allowing us to combine our testing and simulation efforts in a collaborative process to find better materials.  We can predict the ionic mobility and conductivity at an early stage, helping us shorten the time it takes to validate our cell chemistry.

<CLICK>


Investigate fundamental cell design early
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발표자 노트
프레젠테이션 노트
And staying in the area of detailed cell development

<CLICK>

We can then take those chemistries and apply them in high-fidelity to the fundamental cell design.  We can model charging and discharging cycles to ensure that a single cell meets targeted performance requirements, to see how hot it gets during test cycles and how that heat is distributed, and to make sure that our material costs, packaging volume, and weight are all in line with what we need for a successful design.

<CLICK>


Pack . Performance, Structural
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q pre-sizing y P consumption testing

Assess the pack performance and define the cooling demand

Fe  Edit  Sketch Configure  Simulate Interfaces Tools  Help SEmEns
“ @ | Oupdate  Boappspace ~ WiPiots ~ Chanimations ~ (Vdashbosrds + [hsoipts + ETable edtor | (D

Check vehicle energy consumption
and range for various driving cycles
and different temperature conditions

_bphe [ACBPHED1-1]

Modules 1&4

Modules 283 | | |

Evaluate battery safety strategies
and its impact on performance and
T —r range for various configurations

~ . Chiller

LT Radiator

Size the thermal management circuit
during drive cycle and charging
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발표자 노트
프레젠테이션 노트
With the cell defined, we need to now assemble multiple cells into a pack and look at the performance level.

<CLICK>

We can transfer the single-cell electro thermal model into a system simulation environment where we can see how the cells come together…do they provide the right power? How do they heat up? How can we manage that heat with a cooling strategy?  How fast does that cooling spring into action in an emergency?  There’s a lot of analysis that can get done at this stage to alleviate concerns that might pop up later, if we don’t tackle them now!

<CLICK>


. Performance Structural
Battery pack C Thermal analysis BMS/Control ’ . A
. ell development energy integration and
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Flow, thermal & electrochemistry analysis

Simulate cell electrochemical
behavior within the thermal
environment

Compute the 3D cell heat
distribution for high accuracy
temperature map prediction

Understand thermal runaway
propagation to meet safety
requirements
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발표자 노트
프레젠테이션 노트
Moving on the thermal analysis and, of utmost importance, the topic of safety

<CLICK>

The Simcenter solutions allow you to take a detailed look at the flow, thermal, and electrochemistry behaviors of the cell, module, and pack.  With detailed analysis of the electrochemical behavior in a realistic thermal environment, Simcenter allows you to simulate thermal runaway with accurate predictions of the temperature map.  You can better understand how thermal runaway propagates and ensure that you’re meeting critical safety requirements for passengers in your vehicle.

<CLICK>


Williams Advanced Engineering (WAE)
develops high-performance Li-ion batteries using Simcenter

WILLIAMS | &Réi&Rne

deviation compared to
experimental data
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발표자 노트
프레젠테이션 노트
For more information, please take a look at the video case study: https://www.youtube.com/watch?v=U8pVeauV9ko 

Here’s a great example of how a Simcenter customer is leveraging our solutions in this application space.  Williams Advanced Engineering uses Simcenter solutions for both early cell design as well as thermal analysis of their battery packs in a high-performance electric vehicle application.  In this application, they were able to predict cell and busbar temperatures within 1 deg Celsius compared to their experimental data.  With the confidence provided by that level of accuracy, Williams is able to leverage even more simulation to get their batteries designed faster than ever.

<CLICK>


Pack Performance, Structural
Battt_ary pack Cell development electro-thermal lofgiernel energy integration and
LR pre-sizing BT E BT consumption testing

Closed-loop testing of control algorithms

Virtual prototyping and continuous
closed-loop testing

Validate the BMS ability to manage
an efficient utilization of the battery
energy while ensuring safe operation

Anticipate conflicting control
strategies and speed-up design
iteration loops
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발표자 노트
프레젠테이션 노트
In the realm of Battery Management Systems and controls development

<CLICK>

The Simcenter portfolio allows virtual prototyping of controllers, providing physically-realistic plant models that can be run as Software-in-the-loop or on Hardware-in-the-loop systems to ensure proper function.  You can validate your BMS by automatically running hundreds of scenarios and ensure that there are no conflicting control strategies.  With the ability to function seamlessly with industry-standard controls development toolsets such as MATLAB/Simulink, Simcenter can become an integral part of BMS development.

<CLICK>


Pack . Performance, Structural
rzaﬁ?rrgnf ::tlg Cell development electro-thermal The;rrlndals:;:;lysw energy integration and
q pre-sizing y consumption testing

Balance multi-attribute objectives at vehicle level

Study the impact of driving cycles
and climate conditions on the vehicle
range

Check the balance between battery
cooling, range, and thermal comfort
at the vehicle level

Vehicle range

Test the thermal management
control strategy
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발표자 노트
프레젠테이션 노트
And now, we’re pretty far along in our development of the battery as a unit, but how will it perform when fully integrated into our vehicle, our equipment, our system of choice?

<CLICK>

Again, utilizing the powerful system simulation capabilities that Simcenter offers, we can integrate the model of the cell, module, full pack into a full system model.  For example, with an electric car, this might include the control system, the climate system, the drivetrain, and the environment.  We can then examine how it will perform in specified drive cycles to understand range, passenger comfort, and performance.  A great example is a very interesting conversation a colleague of mine has had, in which they talked about understanding the impact of the color of the car interior on range of the vehicle.  What happens if you have a black interior in a warm climate?  How many fewer miles can the car cover?  It may sound silly, but with range anxiety and charging scarceness, these are the things manufacturers think about and need to simulate!

<CLICK>


PSA Peugeot Citroen
uses Simcenter to optimize battery pack performance

PSA uses multilevel modeling
and multiphysics simulation to
rapidly analyze battery
performance and investigate
alternative safe designs
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발표자 노트
프레젠테이션 노트
https://siemens.highspot.com/items/5f511501b7b7392c647ab2cb?lfrm=srp.0

Products: Simcenter – Simcenter Amesim + 3D CFD

The battery is a key component for enabling electrified vehicles to meet customer expectations. One of the most impactful criteria for battery aging is the temperature variation that it endures. Thermal management of batteries is critical for achieving optimal temperatures for any driving condition. it is crucial for the battery cooling system to be designed in a way that balances other vehicle performance attributes and optimizes battery capacity versus life. On the one hand, it cannot be oversized as it would impact overall vehicle performance because it would be too heavy, require additional money to build a more complex system and degrade vehicle aerodynamics. On the other hand, it can-not be undersized because it would risk compromising the safety of the vehicle, driver and passengers. On top of this, it is critical to design cars that strike the optimal balance between conflicting attributes like comfort, driving pleasure, performance and durability. PSA Peugeot Citroen decided to use Simcenter Amesim for our multi-physics analysis as it helps us remain agile.

PSA Peugeot Citroen used Simcenter Amesim to develop this approach that helped us not only save simulation runtimes, but also assess the dynamic thermal management of the battery versus a static assessment that we usually achieved using 3D thermal model for the battery coupled to a 3D CFD (cooling plate) model. With Simcenter Amesim, in some projects the product development time was reduces from months to weeks using Multiphysics modelling. The assembly is straightforward – sometimes an afternoon is enough – as the Simcenter Amesim framework and philosophy is compatible with our multi-physical approach and therefore is it very easy to do so.




Pack ; Structural
Battery pack 2 Thermal analysis BMS/Control . .
> requirements >>Cell development>> ele::;?s:rzmﬁ‘r;nal >> and safety development mtegt’;as‘ttli(r,\g and

Optimization considering stiffness, NVH, and durability targets

Investigate structural modification on
NVH performance while considering
weight and cost

Ensure stiffness to avoid costly
damage

Include variables such as geometry,
material properties, and assembly
connections
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발표자 노트
프레젠테이션 노트
And finally, with our performance and thermal management in hand, we also need to make sure the battery is secured in place.

<CLICK>

In the case of an electric vehicle, this is particularly interesting.  With the battery being the most expensive component and with safety concerns around it, we need to make sure that it is protected.  Given its weight, the battery tends to be installed in the floor pan of the vehicle…this is one great aspect of electric cars; the low center of gravity this provides means great driving dynamics!  But it also puts the battery just a little more in harms way, with dangers of penetration from objects on the road.

With the mechanical analysis capabilities that Simcenter brings to bear, we can ensure that the battery housing is sufficiently stiff and strong enough to avoid damage and we can also make sure it meets weight and cost requirements.  We can perform optimizations of the design that include all variables, such as variations in the geometry, material properties, and the assembly connections, to ensure we’re getting to an optimal solution.

<CLICK>


Where next?

Page 19

Unrestricted | © Siemens 2023 | Siemens Digital Industries Software | Where today meets tomorrow.

Effective collaborative engineering

Shift left & shift right

Creating a life-time value from the Digital Twin

Personalized & adapted processes

Specific workflows, leveraging state-of-the-art technologies

Cloud-based operation
Strengthen collaboration

SIEMENS


발표자 노트
프레젠테이션 노트
So with all of these capabilities already available, a natural questions is “What’s next?”  <CLICK>

And here, I’ll bring it back to what my colleague, Maurizio, spoke of earlier…when we look where we going next with battery simulation, we look to the same guiding principles as the overall portfolio. The overarching goal is effective collaborative engineering so… <CLICK>

We look to shift even further left:  how can we add more value to simulation earlier in the design process?  We look to add more physical realism into our simulations with more advanced thermal runaway and damage modeling capabilities, to build better digital twins that support emerging concepts for new cell chemistries, new battery materials, new thermal management strategies.

We also look to shift to the right:  imagine if you had an executable digital twin of a temperature sensor for EACH cell in your battery pack.  If you could accurately know the thermal behavior of each cell using virtual sensors, you can have much better insight into your performance margins against safety and build that knowledge from real-world operation into your next designs. <CLICK>

We also look to build more adapted processes…tying these extensive capabilities together better, to eliminate the seams between processes and offer a more integrated workflow for battery development. <CLICK>

And of course, as with all our software solutions, the cloud is both immediately overhead and off in the distance.  The cloud that is directly overhead us allows data sharing and HPC compute in the cloud, to help with workflows and resource needs.  However, the future offers much more potential, where you can access battery development workflows entirely through your browser, pay for what you use when you use it, and share your development process and progress across the world in the blink of an eye. <CLICK>
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발표자 노트
프레젠테이션 노트
Thank you all so very much for your time and attention, for joining us today for this wonderful event, and if time allows, I’m happy to take any questions!
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