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l. Cell benchmarking and pairing to application
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» Standardized and automated electrochemical
procedures, data management and analysis
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= standardized thermal characterization in progress

. Space Applications

= Modular and scalable battery system tai

application with off-the-sheltf components (TRL7)

» |nternal cell validation (LG MJ1) for shallow

= Application-derived mission profiles [1]
= |nitial cell simulation based on ECM ;
parameterization and pack design

ored for space

ow earth orbit

(LEO) cycling over 12.000 partial cycles (800 days) showing
aging to be largely determined by calendar aging
= Currently adaption to a multi-chemistry platform,

validation with (pre-) commercial Li-S and SIB cylindrical cells
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= Radiation exposure tests to mimic
severe conditions in space
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lll. Model-based design of next-generation batteries

for aviation

= Virtual optimization of e
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Li-sulfur batteries are attractive for electric
aircraft due to their high specific energy
ectrode and cell
design together with sulfurized polymer
cathodes (SPAN) can address energy-
power dilemma and cycle life challenges
= |n the BMBF project SulforFlight, first cells
show promising performance up to 3C and
cycle life >1500 cycles (figure on the right).
Optimized design promises >350 Wh/kg
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= Replacing conventional

powertrain requires

compromises (payload)
= hybridization offers a flexible
way of fulfilling high initial
power requirements,
especially at high outside
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Architecture design and roadmapping
with real cell performance data

Investigation of fuel cell-battery
hybridization degree for Cessna 400
(4 passengers, ~2000 km) sized with
250 kW for take-oft (~80 kW cruise)
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baseline performance [4]
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With continuous improvement in battery performance, Combining expertise in experiments and modelling,

reliability and safety, new applications in the field of aviation  system-integration and application, the battery

and space become increasingly feasible and attractive. division of the DLR is working closely together

Applications range from drones and hybrid-electric aircraft to with the application-oriented departments to

satellites and deep space missions, each posing distinct > bring together expertise from batteries and

requirements and load profiles that call for carefully selected application

or even tailored cell technologies. > holistically tackle battery-related challenges of

electrified aerospace applications
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/ Selection of activities in aviation and space R

Diamond Aircraft eDA40 [2]
— all electric aircraft for training purposes
(80 kWh battery, 600 V
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data generation

data standardization
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collaboration with RWTH Aachen, Sintef and Univ. of Oxford

V. Predictive Maintenance

Battery
Simulation

= Digital twin of drone
system (including battery
as one component) to monitor
state-of-health and introduce
predictive maintenance concepts

= Combined experimental-computational workflow

Degradation
Model

for physics-based model parameterization, cycle life

testing and lifetime modelling

= to be studied: influence of drone dynamics on aging

Ns=183, Np =53)

» Goal: move towards data-driven cell selection

~— Conclusion & Outlook

To leverage full potential, we need collaboration between the
ones who understand the fundamentals and the application!
Further on-going work related to aerospace applications include

- remote state estimation of satellite batteries (JAXA collab.)
- low temperature performance in deep space mission
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