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Objectives

JObjective 1: Develop SOH estimation models for li-

ion cells considering at higher temperature
considering Calendar aging and  post-Knee
degradation

JObjective 2: Test batteries to gather data at higher
temperature

dObjective 3: Investigate battery knee-point failures
and propose leading indicators for the same

Battery Test Vehicle Specifications

Parameters Value

Battery Chemistry Li-Ion NMC-Graphite
Nominal Capacity 120 mAh
Nominal Voltage 3.7V

End of Charge Voltage 4.2V

End of Charge Current 4 mA
Charge Current Range 1.5C

End of Discharge Voltage 3V

Calendar Aging

Test Matrix

Storage Temperature Storage duration
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of Li-lon Cells Under Sustained Thermal Stress

Cycle Aging — Test Setup

Aditya Amatya, Pradeep Lall

Battery ALT Circuit
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Schematic Diagram of Test Setup
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Knee-Point Prognostication

Knee-Point Based Degradation Modeling and Lifetime Prognostics
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C-Rate has more effect on SOH degradation than D-Rate
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Higher operating voltages degrade the SOH more
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Unified SOH Estimation Model

sor = sor, - @) - @ - @

SOH = SOH, —0.76

ar
dt ,%inc) dt

39.54 140.48
"D

ratio ratio

ratio

3
N

_1 7.45N0.22C0.08T0.18V—0.0610.02 + 18 1 5N0.21

ratio

Pouch Cell Modelling
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Parameters Value

Nominal Capacity 1080 mAh
Nominal Voltage 3.81V
End of Charge Voltage 4.4V
End of Charge Current 4 mA
Charge Current 1.5C
Discharge Current 1C
End of Discharge Voltage 3.3V
Test Temperature 40 °C

Voltage & Current vs Time in Recalibration Cycle

Voltage (V)

\\
1000mA
CcC Dischargé. 5 £ CC Charge

E CV Charge
i

Discharge Capacity (Ah)

3 4
Time (hours)

1000 ~

950 A

900 4

850

800

750 ~

Capacity Fade vs. Cycle

T T T
200 400 600

T
1000

Voltage (V)

4.4

4.2 4

4.0 A

Voltage (V)

3.4 4

3.2

3.0 1

95 4

90

o]
R

State of Health (%)

|
(%]

70 4

65

Pouch Cell Cycle Aging — Results

Deep Cycling (Recalibration Cycles)
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Voltage and Current Evolution Profile

for Recalibration Cycle

Default Cycles (Normal Cycles) vs Cycle Count
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Knee-Point Estimation (40 °C (1.5 C/1 C))

o]
=)
1

® SOH data
—— Trend (rolling)
Tangent @ Inflection = Knee
— = Tangent @ Max Ratio -+ Knee
Inflection @ 850
A Max-Ratio @ 607
@ Knee=788

L - o
XV

00 [ ———————

T
1000

= -
o

T T T
200 400 600
Cycle Number

Knee-Point Estimation for Pouch cells

Summary & Conclusions

Unified model can estimate battery SOH
encompassing all 3 phases

10%b increase in dV/dt indicates a prognostic
distance of ~60 cycles from knee-point

Pouch Cells Cycle aging and Knee-Point
Estimation at High Temperature

Ongoing — Cross-form-factor Modelling and In-
situ swelling correlation with battery health
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