The Future of Thermal
Management Design for
Battery Electric Vehicles

Discover innovative solutions and
stay ahead of your competition

SIEMENS

Unestricted | © Siemens 2024 | Siemens Digital Industries Software



Thermal Management Digital Thread

Requirements
Definition

Use PLM tools to
continuously track your

requirements along the
development cycle

Concept Phase

Systems
Development

Architecture

Selection

Discover novel thermal
management architectures
with the help of Al

Initial Design Detailed Design

Use simulation tools to
meet your requirements
and reduce time-to-market

Controls

Design

Improve your control and Executable

reduce energy consumption Digital Twin (X DT)

with machine learning Use xDTs in your

manufacturing process to
improve product quality
Reduced Order

Modeling

Share an executable digital twin of your
system for concept studies. controls
development and smart manufacturing

Verification and Validation Production and Commissioning  Operation and Maintenance

e

Page 2 Unestricted | © Siemens 2024 | Siemens Digital Industries Software

SIEMENS



Thermal Management Digital Thread

Requirements
Definition

Use PLM tools to
continuously track your

requirements along the
development cycle

Concept Phase

Systems
Development

Architecture
Selection

Discover novel thermal
management architectures
with the help of Al

Initial Design Detailed Design

Use simulation tools to
meet your requirements
and reduce time-to-market

Controls

Design

Improve your control and Executable

reduce energy consumption Digital Twin (XDT)

with machine learning Use xDTs in your

manufacturing process to
improve product quality
Reduced Order

Modeling

Share an executable digital twin of your
system for concept studies. controls
development and smart manufacturing

Verification and Validation Production and Commissioning  Operation and Maintenance

e

Page 3 Unestricted | © Siemens 2024 | Siemens Digital Industries Software

SIEMENS



Traditional Automotive OEMs trying to figure out Teslas Thermal Management

Wray, Alex & Ebrahimi, K M. (2022). Octovalve Thermal Management
Control for Electric Vehicle. Energies. 15. 6118. 10.3390/en15176118.

. Stay ahead of your competition with
the help of Generative Engineering!
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Demonstration

Definition of a thermal management system model in Simcenter Studio
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Creation of system architectures in seconds with the help of patented machine reasoning technology
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Discover novel Thermal Management Architectures
Demonstration

Automatically evaluate the performance of each cooling system architecture d
in a cloud based environment with high performance computing
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Simcenter Reduced Order Modeling

Challenge

 Detailed 3D multi-physics models
are too slow for integration with 1D

« Combining test data with simulation
models is not straightforward

Solution %%

 Al-enabled no-code tool for creating Systems
simplified, tool-neutral models from
simulation and test data

Benefit

» Enables executable digital twins to
gain instantaneous insights

« Ability to reuse models and Test
collaborate across environments

whilst retaining IP
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Speed-up runs
Leverage data

Deploy and reuse
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Challenge

Create a powerful high-level control strategy

In the old days... . ——

easily, such that control can be considered
from the beginning of cooling systems
design
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Improve your Control with Machine Learning
Reduce the energy consumption of your vehicle

Deploy RL controller in the plant model
Replace interface block with exported controller
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Challenge

Create a powerful high-level control strategy

easily, such that control can be considered
from the beginning of cooling systems
design

Solution

Leveraging reinforcement learning on the
simulation model for the cooling system,
Simcenter Studio generates a control
strategy

Benefit

» Better performance than a PID controller
with reduced energy consumption

« Systematic and efficient process
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Hyundal Motor Group

Al for BEV Thermal Management

Challenge

BEVs thermal management represents Multi-
Input Multi-Output (MIMO) mixed-integer non-
linear control problem involving multiple
actuators and operating modes.

Solution

Simcenter Engineering Services combined
Simcenter Amesim vehicle thermal
management model with multi-agent
reinforcement learning control for BEV range
extension.

Benefit/ROI

- Upto 30% energy saving compared to
conventional rule-based control.

« Significant time saved in the setup of
control logic and faster investigation of
alternative control approaches.

Unrestricted | © Siemens 2024 | Siemens Digital Industries Software | Where today meets tomorrow. SI E M E N S



The Future of Thermal Management Design with Siemens Simcenter
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Contact

Sebastian Schmid

Siemens Industry Software GmbH
Otto-Hahn-Ring 6
81739 Miinchen, Deutschland

Mobile +49 (172) 8194487
www.siemens.com/plm

schmid.sebastian@siemens.com
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