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1. Project motivation

monitoring cell ageingInternal sensors I: 
glas-fibres

Internal sensors II:
Reference electrodes

• in-operando
• differenciation anode-

vs. cathode-potential 

• in-operando
• Volume 

expansion 
• temperature

• Data merging and data analysis
• Identification of ageing processes
• Database structure

• ageing by defined 
procedure

• analysis  via DVA, 
DRT, EIS

Tool for ageing determination

2. Test cells for comparative ageing tests and methods for ageing 
monitoring
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𝑚𝑚𝑚𝑚𝑚𝑚(𝛾𝛾𝛾𝛾5)1
∗ 100

 Successful integration of glass fibres in the electrodes
 Measuring points (Bragg grids) at defined locationsCondition

detection as a tool for cell development 

In battery cells integrated glass fibres
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3. Electrical ageing tests according defined test procedure

Cyclisation of cells through a 
sequence of ageing cycles and 
check-up sequences:
1. 0.1 C charge/discharge
2. 1 C ageing cycles  (10 cycles)
3. Checkup
4. ageing cycles (40 cycles)
5. Checkup
6. ageing cycles (50 cycles) 
      ……. ad infinitum

Checkup:
-  0.05C recharging for DVA 

determination 
- 0.2 C charging, 0.1 C 

discharging with current 
pulses (2 C, 10 s) at different 
SOCs 

- C rate test with discharge 
rates 0.25 to 0.75 C 

- EIS measurement at different 
SOC

 

Setup Test Cells

 Cathode: 
• NMC111
• NMC622
• NMC811

 Anode: Graphite 
 Electrolyte: EC/EMC (+VC)
 Separator:  laminatable
 Formate: 9,8x11,5 cm²; 1 Bicell-layer
 Loading: 

• Cathode 2,1 mAh/cm²; 
• Anode 2,5 mAh/cm²

 Capacity: 475 mAh
 Reference: LTO, 19 mAh
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Ageing of NMC111 Cells (1C, 20°C) 
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4. Identification and quantification of ageing processes

5. Integration of glass fibre sensors in cells 6. Change in the fibre optic signal with the SOC and increasing ageing
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 Determination of 
internal and external 
strain in two spatial 
dimensions (X & Y)

 Change in wavelength 
shift with the SOC

 Determination of the 
external battery 
temperature using glass 
fibre

 Irreversible change in 
the measurement signal 
with increasing ageing

BeLiMIA – Ageing determination with 
instrumented cells
Integration of fibre optic sensors and identification of ageing 
processes
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