End of Life Charge Recovery &
Pulse Power Characteristics —
lan Wolfe



End of Life CR & PPC Characteristics
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EoL CR @ -18°C & 50%
SoC (Ce or Cn). Aged
3070 cycles 17.5% 25C
DoD Continuous.
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Parameter |Units |Designl |Design2 |Design3

Cn Ah 50 50 50
EoL Ce (C20) |Ah 36.4 51.2 47.9
% Change % -27% 2% -4%

120

= Setting SoC by Cn or Ce will have a
significant impact on EoL Charge
Recovery.

= How do different aging tests affect

this?

= Can EoL C20 be a proxy for EoL CR?
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End of Life CR & PPC Characteristics

Charge Recovery Checkup on Aged 17.5% 17.5% DoD 60°C Aged PPCResults @ -18°C
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= Design differences appear to have no impact on PPC or CR when aged by 17.5% DoD
60°C. Is this unique to high temperature tests? Does CR plateau at ~6%?
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End of Life CR & PPC Characteristics

SoC: Charge Recovery -18°C (@ 50% SoC Cn - Capacity Recharged C N SoF: Charge Recovery -18°C (@ 50% SoC Cn - Discharge Voltages C N
End of Life(EoL) Aged 3070 cycles on 17.5% DoD Continuous 25°C End of Life (EoL) Aged 3070 cycles on 17.5% DoD Continuous 25°C

[a—

(=)}
[a—
Lh

._.
.

—

.

[a—
(3]

[a—

<o
[a—
9]

A Capacity Recharged (% of Cn)
oo
Discharge Voltages [V]
=

6
11 &
4
2 10
0
0 20 40 60 80 100 120 9

0 10 20 30 40 50 60 70 80 90 100110120130 140150160
Time (s)
Design2 —— Design 3

Time (minutes)
Design 1 Design 2
--------- BoL Minimum ««s-e++- BoL Fast Charge

= Using Cn on EoL data produced unexpected results, “Design 1” recovering fastest.
= Low initial SoF suggests starting SoC is lower than the other samples.

What about Ce then?
4éEAm”N This is ! inf and is not to be i or without the permission of East Penn Manufacturing Co. 4

Design 3

Design 1




*Nominal C20 (Cn) = 50 Ah

End of Life CR & PPC Characteristics

2h Charge Recovery vs. EoL C20

SoC: Charge Recovery -18°C @ 50% SoC Ce - Capacity Recharged Ce
End ofLife (EoL) Aged 3070 cycles on 17.5% DoD Continuous 25°C - R 0.575
16 o
’CE__)‘ 14
S 12 5"
® £
= 10 =
E’Jﬂ E B
£ 8 g
g =
(a7 E
g ° S 6
[#] [+
4
% (W]
= 2 .
0 CR Parameters: -18°C, 50% SoC Ce.
0 20 40 60 80 100 120 5 Aged 3070 cycles 17.5% DoD Continuous.
Time (minutes) ' U ' ' ' U '
Design 1 Design 2 Design 3 70% 80% 90% 100%
......... Bol, Minimum <ivvevue- BoL Fast Charge 20 Eol [3Cn]
= Only batteries that lost significant C20 from aging had lower EoL CR. Parameter  |Unit [#1  |[#2 [#3
= Can EoL C20 be a proxy for EoL CR? Eol Ce Ah 36.4/ 51.2 47.9
% from Cn*  |% -27%| 2%| -4%
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End of Life CR & PPC Characteristics

SoF: Charge Recovery -18°C (@ 50% SoC Cn - Discharge Voltages C N
End of Life (EoL) Aged 3070 cycles on 17.5% DoD Continuous 25°C
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*Nominal C20 (Cn) = 50 Ah

B L

—
—

Discharge Voltages [V]
R
Discharge Voltage [V]

S

—
o

10

9

SoF: Charge Recovery -18°C @ 50% SoC Ce - Discharge Voltages Ce
End of Life(EoL) Aged 3070 cycles on 17.5% DoD Continuous 25°C
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= SoF lower when test is performed with setting SoC via Cn.
= SoF similar when using Ce, except for plateau. Pseudocapacitance helps
low-capacity aged battery in short discharges, if Voltage/SoC is controlled.
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End of Life CR & PPC Characteristics
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= High temperature aging is more impactful than design differences on PPC.
= Do deep cycle or PSoC life tests create different results? What is best?
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= Clearly we can get

End of Life CR & PPC Characteristics design differences

to appear (left), this
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= Which life test is best to evaluate CR (or PPC) over life? Is Ce required?
= We need more data! Please see Villanova University’s ALBA+ Project.
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