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INDUCING TARGETED AGEING MECHNISMS DURING ARTIFICIAL AGEING COMPAREABLE TO 
REAL LIFE AEGING. 

– 
The feasibility of Li-ion batteries (LIBs) as an energy 

storage device, which provides high operation 

voltages and capacity as compared to previous 

technologies, has been discovered half a century ago. 

However, during operation the performance of LIBs 

degrades, which is referred to as ageing. This 

degradation also leads to changes in the 

electrochemical and as well as mechanical behaviour 

of the LIBs, whereby in particular the mechanical 

integrity of the LIBs is a critical aspect for the safety 

of LIBs as it is concerned with occupant/user safety.  

In the course of the SafeLIB project it could be shown, 

that aged cells may exhibit significantly more safety 

critical mechanical properties compared to respective 

fresh cells, which makes it necessary to take this 

effect into account also in the process of the battery’s 

crashworthiness design. To enable an efficient design 

process such aged batteries need to be delivered 

without huge time and cost effort related to test-

driving a battery to end of life and moreover they 

need to be delivered in a reproducible state - here 

artificial ageing comes into consideration. 

 

Challenges 

Different artificial ageing procedures (generic, based 

on application) have been applied already in various 

studies, however the correlation to a corresponding 

real ageing was typically not approved, regarding 

predominant degradation mode, electrical or 

mechanical properties. The difficulty lies in 

disregarding effects that cannot be represented 

reasonably in a lab as well as the degree of 

“acceleration” of the degradation. Unrealistic 

operation parameters (e.g. temperature, charging 

currents, depth of discharge, …) limit the plausibility 

of chosen approaches and put results in question – 

The battery may be aged, but likely differently 

compared to real aged counterparts. 
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In our study we aimed for deriving an appropriate 

ageing procedure to trigger the same degradation 

observed to be predominant in the analysed 

corresponding real aged cells. Based on component 

testing and microscopy analysis of the real life aged 

batteries, cracking of the cathode active material was 

found to be target degradation mode. Literature 

reports, that this mechanism typically occurs at 

operation of the battery at high state of charge. So in 

order to trigger this degradation, a cycling procedure 

was derived comprising an initial fast-charging, 

followed by a discharge profile, representing multiple 

consecutive drive cycles (WLTP), until a minimum 

state of charge of 50% - tested at room temperature. 

This procedure was carried out with a complete 

battery pack in a climate chamber. A variety of health 

indicators (derived in WP3 of SafeLIB) were 

monitored throughout the cycling, which ran over a 

duration of 160 days.  

 

CORRELATION WITH REAL AGED BATTERY 

Finally, a detailed comparison of the electrical and 

mechanical properties of the artificially aged cells was 

done with the respective real aged and fresh cells, to 

allow for an assessment of the correlation. 

It could be concluded, that the cells subjected to our 

developed artificial ageing procedure, show a very 

well comparable electrical performance. The 

monitored metrics did show almost the same changes 

to the fresh reference cells, as the real aged samples. 

Also the mechanical properties were found to be very 

similar regarding reduction of peak failure force and 

tolerable deformation of the cell. So the same critical 

behaviour, already found for the real aged cells, could 

be reproduced. In the safety assessment we could 

also see, that even the initial voltage-drop at the 

battery failure was very similar compared with the 

real aged cells.  

Overall it can be concluded, that by applying the 

developed artificial ageing procedure, very similar 

characteristics of the cells electrical and mechanical 

properties were achieved, supporting the 

assumption, that the same internal degradation mode 

was triggered in the artificial rebuilt cycles.  

Moreover, the same level of degradation was 

achieved by using approximately only 1/3 of the 

energy throughput of the battery, which indicates a 

clear acceleration potential, while still operating the 

battery in realistic conditions.
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