Electric Vehicle Symposium & Exhibition
June 19-22, 2016 | du 19 au 22 juin 2016
Montréal, Québec, Canada

. . Hydro
EDTA EDTA reh 77 EVAAS  Québecss Qe (Ol

DRIVE ELECTRIC INNOVATION

PROPULSER L’'INNOVATION EN MOBILITE ELECTRIQUE



Degradation mechanism detection for NMC batteries
based on Incremental Capacity curves

M. Berecibar 12, M. Dubarry 3, N. Omar 4, I. Villarreal 1, J. Van Mierlo 2

1 1K4- Ikerlan, Energy Business Unit, Spain
2 Vrije Universiteit Brussel, MOBI Research Group, Brussels
3 Hawaii Natural Energy Institute, University of Hawaii at Manoa, USA




CONTENT

. MOTIVATION
. OBIJECTIVE

. PROCESS — 5 STEPS
l CONCLUSIONS




MOTIVATION

Degradation mechanism detection, why?

e Safety

* Prediction

e Life time

 Ageing detection
& quantification

 Multitude of parameters

* |Impossible to control all

* |mpractical




OBIJECTIVE

Our solution:
* Pattern matching regarding battery degradation mechanisms

Process:

1. Cell testing.

2. Simulation of scenarios.

3. Selection of features of interests.

4. Detection of features of interests on the tested curves.

5. Path dependency of each feature.




PROCESS 1. Cell testing

e Tested cells

*Nominal Capacity: 40Ah

* Anode: graphite (G)

*Cathode: LIN il_x_yl\/l nyCOXO2 (NMC)

*Tested temperature: 25 °C

*Depth of Discharge (DoD):

*80% DoD
*60% DoD
*30% DoD

*Every 100 cycles:
*Capacity test

Complete charge and discharge
at C/5

(to obtain the IC curves)
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PROCESS 1. Cell testing

* Incremental Capacity Curves

*Quantify the Degree of Degradation of a cell
*Reveal Battery Degradation Mechanisms
*Loss of Lithium Inventory
*Loss of Active Material

*Internal Resistance Increment Detection
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PROCESS 2. Simulation of scenarios

* Alawa Toolbox

*Purpose: Emulation of the voltage response of the cell, using IC and DV curves as visualization tools

*Necessary Data:

4. alawa simulation toolbaox

File Edit View Inset Tools Desktop Window Help

*Loading Ratio (LR) SEFTYORCE TP R EI:

@l Battery diagnosis

Iy and prognosis toolbox

*Irreversible capacity loss (OFS) _ _
o Obta i ned frOm a C/25 d iSCha r e NE/PE loading [l sE1 Dfset{%] dd. resis. (mOhm RZh) .
g

Simulation options
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Launch simulation EDF NE Component 1 |Component 2
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211 eguations can be handled, e.g.:

L] [ L]
*Play and mix all possible degradation | fuzensesl s B R ER S B

for details on formats & notations

FEeporting options

® Upper Plot O Predefined plots

© Lower Plot @& Manual plotting

MeChanlsmSo Change scale
e

https://www.soest.hawaii.edu/HNEIl/alawa/



PROCESS 3. Selection of features of interests

3 degradation mechanisms were studied:
* Loss of lithium inventory
* Loss of active material in the negative electrode
* Loss of active material in the positive electrode

4 main characteristics were detected:
* (a): Peak at 3.6V.
 (b): Peak detected at 3.5V.
* (c): Arch, lowest position between 3.7-3.9V.
* (d): Incremental capacity intensity at 4V.

0 LLI LAMNE

2

O

3=

=

o

@

D__

(g

O

I

g

@

-

-

E ) @ _gﬂﬂ;'"a -
3.2 3.4 3.6 3.8 4 42 3.2 3.4 3.6 3.8 4 42 3.2 3.4 3.6 3.8 4 4.2

FC voltage (V) FC voltage (V) FC voltage (V)



PROCESS 4. Detection of features of interests on the
tested curves.

Evolution of the features of interests of the tested cells.
e |C curves from the tested cells at BoL, 95% SoH, 90% SoH.
 Detection of the 4 features of interests:

* (a): Peak at 3.6V.

* (b): Peak detected at 3.5V.

* (c): Arch, lowest position between 3.7-3.9V.

* (d): Incremental capacity intensity at 4V.
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PROCESS 5. Path dependency of feature (a)

e Peakat3.6V

—Voltage:
Incompatible scenarios: LLI, LLI+LAMNE

e Peak at 3.6 V
—Intensity:
Incompatible scenarios: LLI, LLI+LAMNE, LAMNE

Incremental capacity vs capacity - Feature (a)

Normalized Capacity (%)

Peak voltage vs capacity - Feature (a)

Normalized Capacity (%)
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PROCESS 5. Path dependency of feature (b)

e Peak detected at 3.5V

— Intensity
Incompatible scenarios: LLI, LLI+LAMNE

Incremental capacity vs capacity - Feature (b)

e Peak detected at 3.5V
—Voltage

Incompatible scenarios: LLI, LLI+LAMNE

* Cells B an C overlaps

Peak voltage vs capacity - Feature (b)
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PROCESS 5. Path dependency of feature (c)

* Arch, lowest position between 3.7-3.9V.

—\Voltage
Incompatible scenarios: LAMNE, LAMPE+LAMNE

* Arch, lowest position between 3.7-3.9V.

— Intensity
Incompatible scenarios: LAMPE, LAMNE, LAMPE +LAMNE

Incremental capacity vs capacity - Feature (c)

Peak Voltage vs capacity - Feature (c)
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PROCESS 5. Path dependency of feature (d)

* Incremental capacity intensity at 4V.
—Intensity: Incompatible scenarios: LAMNE, LLI, LLI+LAMNE

Correlation intensity at 4V - Feature (d)
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CONCLUSIONS

* Excluded Paths * Selected degradation path

5% LLI and 5% LAMPE
o LI  Features (a), (b), (d
x (@), (b), {d) e Effect of DoD:

Detection of Additional LAMPE on cell cycled at 80% DoD
 LAMPE x * Feature (c)

LLI+LAMPE

» LAMNE ¥ * Features (a), (c), (d)

o)
S
|

 LLI+LAMPE

—

-

-
T

o LLI+LAMNE ¥ + Features (a), (b), (d)

-150 |

Incremental capacity (%Q/V)

* LAMPE+LAMNE € * Feature (c)

e LLI+LAMPE+LAMNE 2001 9

3.2 3.4 3.6 3.8 4 4.2
FC voltage (V)




SUMMARY

* 3 NMC//G cells have been tested at different

DoDs: |
—80% DoD ° Ove.rall. | |
—60% DoD Most likely degradation path:
—30% DoD LLI+LAMPE

. Lcefscrézsn.used for degradation mechanisms . Effect of DoD:

Detection of Additional LAMPE
on cell cycled at 80% DoD

e Selection of 4 features of interests detected
from the IC curves.

* Each feature of interest related to a path
dependency.

* Detection of the most likely degradation path
for that case.

e Study of the effect of the DoD.
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