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&2 safeLiB

* Reduction of factors involved =2 laboratory controlled
environment

* Once the parameter to be measured and under which
boundary conditions and loading has been identified, the
test can be designed

* For simulation experiments is crucial:
—ldentify an appropriate measurement set-up (i.e. testbed)

—ldentify a mode of measurement of physical quantities
for the determination of simulation parameters (i.e.
sensors)

—After testing, correctly interpret the results obtained
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Experiments

* Challenges of test design:
—Reproducibility of test design
—Precise measurement and setting of loadings

—Possibility of measuring several physical quantities
simultaneously

—High accuracy and sampling rate of sensors and
measuring devices

* Different factors influence battery behavior:
—Thermal =» Thermal tests
—Electrical =>» Electrical tests
—Mechanical =2 Mechanical tests

vsi 35CG)
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www.bscg.at a SafelLlB
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Electric tests a SafeLIB

* Electrical quantities are the loadings that are controlled
* The two quantities that are controlled by appropriate sensors are current and voltage
* Exemplary approach

Inspection Electrical characterisation Performance
Visual +
0% SOC
electrical —[ Assessment ]—{ ocv ]—b[ Resistance ]—b[ EIS ] { Power Test J
inspection J 1
SOC variation
vsi 35CG; ‘ Monitoring Temperature - >

* Multi-step test protocol = a programmable cycling station is used

Determination of characteristic battery data:
 Capacitance determination

* Open Circuit Voltage (OCV) curves

* Internal resistance determination

* Electrochemical Impedance Spectroscopy (EIS)
* Classification of battery performance and safety
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Electric test a SafeLIB

* Which parameters to measure?
It depends

* For example: capacity loss and internal resistance increase
can be used to validate electrochemical models of cell
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Mechanical test a SafeLIB

* Mechanical quantities are the loadings that are controlled

* Examples of quantities that are monitored during testing
are force, displacement, velocity, pressure

* Mechanical tests:

—Various types of mechanical tests (e.g. compression,
bending, indentation)

—With impactor with different size and geometries (e.g.
spherical, cylindrical, nail)

—At different speed (quasi-static, dynamic)
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Quasi-static mechanical test (Three-points bending)
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Quasi-static mechanical test (Transverse compression)

B SafeBatter
24.07.2018
Mechanical cell tests — STEP 1

Qs_C16_SOC100_ID_WI_3_Cy30_VELO1_SO3RO3
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Quasi-static mechanical test

component
Exemplary approach: stack
* Indentation tests with rectangular impactor on fresh and impactor
aged cells l Ii N
D
cell 3
. _ 3
Comparison of: i ﬁ WV
* Failure deformation

* Force increase pertinax plate

e Comparison of f-s curve
* Voltage drop

vsi 3scc)
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Quasi-static mechanical test a SafeLIB
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Quasi-static mechanical test

* Exemplary approach:

—Indentation tests with cylindrical impactor on cell at
different SOC

* Comparison of:
—Failure deformation
—Force increase
—Comparison of thermal behaviour

* Results:

—Failure for the fully charged cell required higher
force and higher displacement

—The fully charged cell goes into thermal runaway
resulting in a high temperature increase
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Dynamic mechanical test

* Dynamic tests are close to the real behaviour of an
automotive battery

vsi 3sce

Facts:
* Sled velocity: up to 30 m/s (with 70 kg)
* (Sled deceleration: up to 300 g in 15 ms)
* High-speed videos: = more than 1000 fps HD
* Precise testing and reproducibility due to guided sled

* Exemplary approach:

—Quasi-static (1 mm/s) and dynamic (3000 mm/s)
indentation tests with cylindrical impactor

Dynamic
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Results: Dynamic vs. Quasi static testing a SafelLIB
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* Exemplary approach results dynamic compared to quasi-
static:

—Lower peak force

100 —

—Lower failure displacement Source: TU Groz VS / &%
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Summary & Conclusion a SafelLIB

* Many different boundary conditions and loadings change the battery behavior
=>» In the laboratory, boundary conditions and loadings can be controlled and monitored

* Depending on the simulation parameter required, different types of test can be performed:
—Thermal tests
—Electric tests
—Mechanical tests

* Further information can be gathered from post-mortem analysis or disassembly of cells not subjected to critical loadings

» Advanced test results are used for model validation (FEM, multi-physics, etc.) or calibration
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Funding &2 safeLiB

Das COMET-Projekt SafeLIB wird im Rahmen von COMET — Competence Centers for Excellent Technologies durch BMK, BMDW, das Land Obergsterreich, das Land Steiermark sowie die SFG
gefordert. Das Programm COMET wird durch die FFG abgewickelt.

The COMET Project SafeLIB is funded within the framework of COMET - Competence Centers for Excellent Technologies by BMK, BMDW, the Province of Upper Austria, the province of Styria as
well as SFG. The COMET Programme is managed by FFG.

= Bundesministerium = Bundesministerium
Klimaschutz, Umwelt, Digitalisierung und F FG
Energie, Mobilitat, Wirtschaftsstandort Forschung wirkt.
Innovation und Technologie
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Excallent Technologies =) Wirtschaft, Tourismus, Regionen, NEUES DENKEN. NEUES FORDERN. osterreich
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