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1. Introduction
Global Battery Market

= The global market for lithium-ion batteries (LIBs) is experiencing remarkable growth.

= In the EU, there's a mandate from 2035 onwards to suppress vehicles with internal combustion engines.

= German automobile manufacturers are actively transitioning their fleets to battery-electric propulsion.

= This shift is driving the establishment of numerous gigafactories in Germany and Europe, demanding significant testing
capacities for consistent quality control.

= LIBs are subject to extremely short innovation cycles, necessitating regular and comprehensive certifications.

= Automotive applications demand high-energy storage systems capable of covering long distances without frequent
recharging.

= Battery storage systems must be of high quality and meet high safety standards to ensure confidence in the new
technology.
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2. Battery Safety

Importance of Battery Testing

= Batteries store vast amounts of energy

= During transportation or operation, they are exposed to extreme stresses such as
significant temperature fluctuations, vibrations, and even accidents involving
deformation.

= An uncontrolled release of stored energy poses a significant threat to people and
structures.

= Typically, batteries contain flammable liquid electrolytes, and local overheating, often
triggered by internal short circuits, can lead to ignition.

= As heat increases, a phase transition occurs in the cathode material, releasing oxygen
and intensifying the reaction, resulting in what is known as Thermal Runaway.

= This can propagate to adjacent cells, leading to severe challenges in containment and
mitigation.

Therefore, Testing and realistically si

paramount importance in enhancing
this vital technology.
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3. Crush Test
Mechanical Abuse Testing

= Mechanical abuse tests simulate external influences such as vibration, shocks, and
even crushes during accidents or drop tests.
= Each time, the most extreme realistic scenario should be considered.
= All these tests represent extreme misuse, necessitating strict safety precautions
during execution to mitigate risks.
= These can include serious fires, even explosions, as well as sparks, arcs, and
toxic gases.
= In automotive applications, battery systems are subject to stringent safety
standards aimed at protecting consumers.
These high safety standards, mandated by laws, testing protocols, and crash
assessments, pose significant challenges for manufacturers.
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3. Crush Test

Mechanical Abuse Testing

External influences on the battery system in the field are very complex and
affect each other.

In crash scenarios, batteries are subjected to complex and varied conditions, which
are influenced by environmental factors, battery type, and the specific type
of collision.

The understanding of how these diverse factors influence battery safety remains
incomplete.

“ Intricate and costly nature of crash scenario testing.

Improved understanding of deformation behavior allows improved battery pack
design.

Lack of comprehensive insight into battery behavior in crash situations often leads
to excessively conservative safety measures resulting in increased weight and
reduced capacity.

In particular, the influence of temperature on the thermal runaway triggering
point in crush tests is still not fully understood.
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4. Experimental Setup

= Despite the knowledge that battery systems in electric vehicles must work within a
temperatures range of -30 to 50 °C, limited research has investigated the effect of
ambient temperature on mechanical battery failure. Cathode

= Prismatic cells have historically dominated the automotive industry. However, there has
recently been a shift towards considering cylindrical cells.

= Selected battery chemistry: A silica-graphite anode at 100% SOC.

= Test procedure is modeled after testing norms including the UN 38.3 and IEC
62133

16 mm semicircular profile is used to locally induce stress
Measured data points: voltage, temperature, and penetration depth

Voltage collector
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5. Preliminary Findings
Sample stored at -40°C prior to test
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5. Preliminary Findings
Sample stored at 80°C prior to test
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5. Preliminary Findings
Comparison of force applied
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6. Battery Research Center at Fraunhofer ISE

Planned, built and launched from 2018 until today

Battery Research Center at

Fraunhofer ISE

= Total area of about 5500 m?

The laboratories cover important

steps along the battery value

chain:

= Development of novel materials
and alternative battery concepts

= Innovative production processes

= Formation

= Battery system technology

= Optimized operation management

= Modeling and simulation

= Testing and certification
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Department Electrical Energy Storage
Overview — Research, Development and Services

Battery Cell Technology
materials, architecture,
production

- Development and characterization
of materials and battery cells

- Development of process
technologies

- Aqueous systems for stationary
energy storage

- Lithium-ion battery cells

- Solid state battery cells

- Technical and economical analysis

- Life cycle analysis
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Battery Engineering
from cells to systems

Battery management
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- Cell formation

- Cell and system characterization

- Ageing and performance scrutiny

- System design and engineering

- Thermal management

- Battery management

- Algorithms for state estimation
and lifetime prediction

- Optimized charging and operating
control strategies

Applied Storage Systems
system design, integration
and quality assurance

- Realization of lighthouse projects
- Business case development

- Consulting during complete life
cycle of storage projects

- System modelling, analysis and
optimized system design

- Simulation based storage sizing
- Energy management systems

- Technical due diligence: Site
inspection, testing and monitoring

TestLab Batteries
electrical, thermal,
mechanical testing
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- Ageing: calendric and cyclic

- Safety: components and systems
including functional safety

- Reliability: consideration of
operating conditions and system
behavior with aged components

- Performance: efficiency and
effectiveness

- End-of-line quality control for cell
production
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5. Battery TestLab at Fraunhofer ISE,
Freiburg, Germany

= Since 2022, Fraunhofer ISE has operated a battery test center on approximately 1200
m? of laboratory space.

= Here, we conduct performance tests, electrical and mechanical abuse tests, as
well as examinations and post-mortem analyses.

= Capability to investigate batteries in all common form factors (coin, cylindrical,
prismatic, pouch), from cells to modules, and even systems (1000 V, 1.5 1).

= With nearly 20 fire and explosion-protected rooms and experienced laboratory
engineers at our disposal, we work with our customers to develop test plans,
perform norm tests, and scientifically investigate battery safety questions.

= This includes research into propagation-inhibiting materials or determining the
causes of field failures.

= Moreover, we actively share our laboratory setup experiences with customers
worldwide and are open to collaborations.

If interested, please don't hesitate to co
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Our Expertise
Building Battery Laboratories

Our experts have built up the battery research center in Freiburg in recent years. Our team possesses a wealth of experience in
every aspect of establishing and operating battery laboratories.

Determining Project Scope Subject Matter Experts

= We excel in precisely defining the scope and objectives of = Along each stage of the value chain, we have specialized
battery laboratory projects, aligning them with specific experts who understand the unique requirements of individual
research and development goals. laboratories

Facility Design and Planning Bridging Science and Industry

= Qur team is skilled in designing battery research labs from = Qur profound understanding of the market allows us to
inception to execution, ensuring optimal layouts for efficient anticipate future developments and align our research
and safe operations. strategies with industry demands effectively.

Seamless Laboratory Commissioning Addressing Industry Needs

= With our hands-on experience, we guarantee smooth and = We comprehensively understand the diverse requirements of
successful commissioning of battery research facilities, various industries, covering applications from cells to modules
minimizing downtime and maximizing productivity. and complete battery systems.
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7. Future Directions and Conclusions

The battery market remains highly dynamic, which will keep the demand for safety tests high in the future as well.
In particular, the crush behavior of future generations such as All-Solid-State Batteries, silicon-containing anodes, and
Sodium-lon Batteries is not yet fully understood and requires further scientific investigation.

For the design of battery systems, a precise understanding of battery behavior during crash scenarios is essential.
In particular, the aspect of thermal runaway is relevant here.

It has been demonstrated that temperature has a measurable impact.

The most extreme realistic scenario occurs at elevated temperatures.

= The data can be utilized to further refine simulation models and make batteries safer in the future.

We are open to collaborative projects on this and other topics at any
time.
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