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FlexPanel ®
PC Glazing with integrated
graphics

PC Glazing with integrated
graphics

FlexPanel 3D®
Lit Grille effects

Flex F/X® Lighting through
body panel
Integrated messaging
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[ FLEXNGATE ) Thermal Management of Battery EVs w

S N . At?out 8.0% of origipal energy loss is through heat produced by IC engines,
N b \ drivetrain, mechanical friction, etc.

f 7 » N . . A
» About 35% of original energy loss through drivetrain, powertrain cooling, etc.
« 20% is re-captured by brakes and fed back to battery, effectively only 15% of
@ @ energy is lost in EVs.

)

 Thermal Management is the major factor for BEV’s performance as it affects range and safety of the
EV. (even though they are more energy efficient compared to ICEs)

« Optimal Battery temperature is between 20C-35C
* Lower temperature drops the charging-discharging ability.
* Higher temperatures can damage cells including thermal runaway
* Maintaining temperature delta within the cell is also critical.
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[ FLEXNGATE ) Thermal Cooling Considerations w

Air Cooling Phase Change Materials (PCM)

Cells Air flow

Outlet """" Inlet

Advantages

« Simple design

* Light weight
 Low cost

- Easy Maintenance

Advantages

« High Thermal capacity

» Superior Temperature uniformity
* Low energy consumption

« Cost effective

Disadvantages Disadvantages

 Low Thermal conductivity « Low Thermal conductivity

« Limited Thermal capacity « Fast charging issues

» Sensitive to ambient conditions » Issues with Volumetric expansion
« Suitable for smaller HEVs + Leakage
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( FLEXNGATE ) Thermal Cooling Considerations m

Liquid Cooling (indirect) Immersion Liquid Cooling

Cells Jm—

Cells Immersion fluid
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Advantages Advantages

. High I—!e_at capacity - Better capacity retention

« Reliability « Temperature homogeneity
« More efficient and less maintenance « Reduced fire risks

« Higher Charging rate possible
Disadvantages

« Lower Cooling efficiency Disadvantages

» No temperature uniformity * Potential for leaks |

» High Cost « Space and Weight constraints

- High Thermal resistances * High maintenance and upfront cost
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( FLEXNGATE ) Thermal Cooling Considerations u

Liquid Cooling (indirect)

Side Cooling

Water glycol IN

Water glycol OUT

» |deal for taller cells #¢

- Better temperature uniformity 4

* Increased complexity and weight §
« Busbar design constraints ¥
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Bottom Cooling

/
Ideal for wider cells @
Structural simplicity — manufacturing
Reduced risk of coolant leaks

Rely on axial thermal conductivity §
Poor temperature uniformity§§,
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[ FLEXNGATE ) Thermal Cooling Considerations w
Liquid Cooling (indirect)

Bottom Cooling )

(30mm-60mm)

Ce” He|ght (mm)

Side Cooling ()

(100mm-180mm)
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( FLEXNGATE ) Addressing Thermal Management

Innovative Design
Approaches
Enhanced battery pack designs that improve

heat dissipation paths and optimize space
utilization.

\ 4

Problems \“j

Thermal Interface Materials

Improved materials that enhance the contact
between heat-generating components and
cooling systems.

Intelligent Thermal
Management Systems

Sensors and data analytics are integrated to
continuously monitor battery temperatures
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C FLEXNGATE ) Improving Battery Cold Plate Design <~

« Optimizing cooling plate channels — strategic design
* Flow path optimization
« Use microchannels to enhance heat transfer

* Higher conductive material casing

« Adding groves and fins

« Advanced cooling fluids — including nanofluids
« Adjusting flow rates

« Surface treatment like anodizing, electroplating
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C FLEXNGATE ) EV Gap Fillers [/2/7

« Transfer heat across interface between battery packs and coollng plates.
« Electrical insulation |
 Vibration damping

* Resist Thermal runaway

4 Gap Filler Materials: h g Gap Filler Thickness: h
Higher conductive material Thinner the better
Select the optimal filler — low cost Maintaining insulation
Low uniform temperature Vibration damping/mechanical

/ o /
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[ FLEXNGATE ) Hazards of Overheating Problem

* Risk of Thermal Runaway: High temperatures can greatly reduce the battery’s safety.

« Decay of Battery Capacity: The battery’s electron transfer rate is faster than the diffusion rate of lithium ions. So, the
positive electrode can hold fewer lithium ions. This reduces the battery’s capacity.

 Reduced Battery Performance: High temperatures inside the pack can damage the cell structures. This includes the
electrode materials and electrolytes. This damage is the root cause. It reduces battery performance and power output.

 Reduced Cycle Times: Charging and discharging in high-heat speeds the aging of lithium cells. This reduces their lifespan
and the number of cycles they can endure.

 Uneven Temperature Distribution: Uneven temperatures inside the pack can lead to inconsistent reaction rates in the
cells. This hurts the battery’s performance and efficiency.
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( FLEXNGATE ) Ideal SOLUTION ()

Acceptable Thermal Management

Cost

Reliable

Manufacturable

Performance &
Requirement
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THANK YOU

Certain sections of this presentation contain forward-looking statements which are based on our expectations, estimates, projections and assumptions and are made pursuant to safe harbor provisions of applicable law. These statements are not guarantees of future performance and

involve certain unpredictable risks and uncertainties.

The contents of-this presentation are the property of Flex-N-Gate group companies and subject to change in part or in whole without notice. The text, images, graphics, layout and information on this presentation are copyrighted by the Flex-N-Gate group. The trademarks, trade names,
service marks, and corporate logos and emblems displayed here either belong to Flex-N-Gate Automotive, Inc. or one of our affiliates, or belong to third parties and have been used with their permission. All contents copyright, 2006. All rights reserved.
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