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. Lifetime
. Real Application
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e SoH Estimation
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Commercial Battery
Pack

. Nickel Manganese
Cobalt Oxide
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State of Health is the ability of a battery to store energy relative to its initial or ideal conditions

*  100% means the battery is fresh. Why estimate the SoH?

e 80% the battery is considered not usable for an *  Recognize battery degradation.

Electric Vehicle and should be removed. * Prevent a possible failure.

OLDER BATTERIES LOSE POWER FASTER

NEW OLD
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SoH Estimation Methods
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BMS

Implementation

¢ Low computational
effort

* Real application

EolL Detection

Alarm
User Awareness

Error <1%

Accurate
Reliable
Precise

Application
always
available

e Costumer Needs
 Energy Efficiency
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Nominal Capacity: 40Ah
Anode: graphite (G)

Cathode: LiNiy, ,Mn Co,0, (NMC)
Tested temperature: 25 °C

Depth of Discharge (DoD):
« 80% DoD
* 60% DoD
« 30% DoD
Every Cycling Test:
» Capacity test

Normalized Capacity (%)
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Full Equivalent Cycles (FEC)

» Complete charge and discharge at C/5 (to obtain the IC curves)
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* Incremental Capacity Curves

IC - DISCHARGE

e Quantify the Degree of Degradation of a cell

* Reveal Battery Degradation Mechanisms

Incremental Capacity (%Q/V)

iy 701 ——Cell A - BoL
* Loss of Lithium Inventory el C oL
801 ——Cell B- 98.26% ||
. . ——Cell C - 98.14%
* Loss of Active Material 90 ——Cell B-94.91% ||
100l ——Cell A- 87%
. ] ——Cell A-84.7%
* Internal Resistance Increment Detection 110k
-120 : : : ‘ :
3.4 35 36 3.7 38 39 4
FC Voltage (v)
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e Features of Interests

e Detection of Fol 1,2

IC - CHARGE

150
- ‘ g _SOHD=1GD%
— Loss of Lithium Inventory 3 — — —SOH,=93.42%
< — — —SOH=89.63%
; 2100 - i
* Detection of Fol 3 g — — —SOH, =87.09%
g ——— SOH,,=81.66%
— Loss of Active Material in the Positive Electrode O
€ s0f
* Algorithm detecting both location points £
5
=]
* Linear Regression algorithm 0 .
3.4 3.6 3.8 4
* Easy, Fast, Accurate FC voltage (V)
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e CellB

[ Error DCH Cell B
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e CellC

EE=Error DCH Cell C C—Error CH Cell C
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Validation results: Charging and Discharging

3
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BMS Application Partial
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State of Health Estimation Universal Real Application

* Diversity of chemistries, Estimation Tool
cycling, temperatures.

. Production variability,

series-parallel connections,

balancing.

. 2nd Life applications
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