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Project motivation
= What information can be provided on the lifetime of a battery after

3, 6 and 12 weeks?

=Can the capacity loss of a battery after 3 years be predicted with an

accuracy of 5% based on measurements that take no longer than
12 weeks?
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Accelerated ageing due to temperature transients
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« Change in thermal boundary conditions during
charging/discharging of LiFun 3.4 Ah pouch cells

 Cells aged at homogeneous temperature as a reference

Results

« Transient temperature cycling shows accelerated ageing

by a factor of three compared to cells cycled at

homogeneous temperature
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* Increased Li plating rate due to temperature transients
confirmed by post-mortem analysis
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Cloos, Lisa, et al. "Thermal Transients to Accelerate Cyclic
Aging of Lithium-lon Batteries." Batteries & Supercaps (2023):
€202300445.

Scan the QR code to access the full
publication

WP 5 Transferability between accelerated and real ageing
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« Cycling of 18650 round cells (Samsung 35E) cells with static (laboratory conditions) and dynamic

(application-based) load profiles
Results

* The stress conditions occurring in the field do not correspond to the stress conditions of accelerated

ageing tests

« Low/no transferability of ageing under static laboratory loads to the real application
 Measurable ageing does not fully correspond to real ageing due to pronounced recovery effects during

static cyclisation (see WP2)

« Highlights the importance of model-based approaches to estimate battery lifetime

: Cloos, L., Queisser, O., Chahbaz, A., Paarmann, S., Sauer, D. U., & Wetzel, T. (2023). Thermal Transients to Accelerate Cyclic Aging of Lithium-lon Batteries. Batteries & Supercaps, €202300445.
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Gs

Lehrstu

Fahrzeugtechnik

WP 2

NCA-Gr/Si

3.4Ah

NMC-Gr

NCA-Gr/Si

1Ah

Institut fiir O Stromrichter-
Statistik und < ::I h technik und
Wirtschafts- |-| Elektrische
mathematik | Antriebe

')

P
[ | BattfNutzung
~ BALd

o m TI.ITI

A 4
n

Procedure

= Determination of accelerated ageing conditions and
Investigation of transferability to unaccelerated real battery
usage scenarios

= Definition of test methods for accelerated characterisation of
battery cells after 3, 6 and 12 weeks

= Modelling of the ageing behaviour to extrapolate the lifetime

Test definition
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» Accelerated cyclic ageing test at 20% DOD with built-in

rest

phases at SOC=10%

 Results

* Inhomogeneous lithium distribution in the anode leads to
reversible ageing during cycling
 Reversible ageing occurs during:
Cycling with high pressure gradients
Cycling with high charge/discharge current rates

WP 6

Cyclic Ageing
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Cycling without rest phases

Calendric Ageing
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Path dependency of ageing
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Accelerated investigation of rehomogenisation effects

Reversible ageing

lithium distribution —=————|y during cycling
in the anode
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Overestimation of real
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Morales Torricos, P., Endisch, C., & Lewerenz, M. (2023).
Apparent Aging during Accelerated Cycling Aging Test of
Cylindrical Silicon Containing Li-lon Cells. Batteries, 9(4), 230.
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Relaxation

* Investigation of the interaction of calendar and cyclic ageing on 18650 round cells (Samsung 35E)
« Comparison of 3 ageing paths
 2cal/cycl. Group 1 = 2cal/cycl. Group 2 = 2cal./cycl.

» 2kal = 4 phases of 5 weeks at 50% SOC and 45 °C + 5 weeks at 50% SOC and 25 °C
« 2zyk = 2 phases of 100 partial cycles (70 EFC)

Results

« Group 1 shows 20% higher capacity lossincreased ageing of the

cell due to continuous cycling

* Signifi

cant recovery effects

« Path-dependent ageing as well as recovery effect presumably
due to cell inhomogeneity

« SOH definition does not consider capacity recovery due to e.qg.

Inhom

ogeneous lithium distribution

: M. Rogge, A. Jossen, “Path-Dependent Ageing of Lithium-ion Batteries and Implications on the Ageing Assessment of Accelerated Ageing Tests”, Batteries & Supercaps 2023, e202300313.

L Morales Torricos, Pablo, Christian Endisch, and Meinert Lewerenz. "Apparent Aging during Accelerated Cycling Aging Test of Cylindrical Silicon Containing Li-lon Cells." Batteries 9.4 (2023): 230.
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