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Outline

1. History of product development in EnerSys
Advanced Systems (EAS) — ABSL — Quallion

2. Introduction of ZeroVolt technology (Cell level tests)

1. ZeroVolt chemistry design verification
2.ZeroVolt cell characterization for aerospace application

3. 8 cell series module evaluation

1.0V storage characterization for 4 months
2. Module characterization during 20% DOD LEO cycling after OV storage
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Enersys ABSL O
EnerSys Advanced Systems

$100M Division Consisting of 6 Business Units

* Space
— Launch Vehicles
— Satellites
— Manned
— Interplanetary & Landers

Aviation
— Fixed Wing & Rotary Aircraft including F16/18 & 777
— UAV‘s & Target Drones

Munitions o
— Missiles & Smart Weapons —

— Guided Bombs & Projectiles
—  Electronic Fusing

* Land

— Combat, Tactical & Unmanned Ground Vehicles
— Microgrids & Forward Operating Bases

* Sea

— Submarines
— Unmanned Underwater Vehicles

Medical
— Cochlear Implant Speech Processors

— Neromodulation
— Pumps

Munitions +~
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Power Full Solutions

Facility Locations
EnerSys Advanced Systems

r.f] EAS Manufacturing Facilities
* Sylmar, CA
* Santa Clarita, CA
* Longmont, CO
* Warrensburg, MO
» Horsham, PA

» Tampa, FL
* Culham Oxfordshire, UK
* Newport, UK
» Zwickau, DE
Product Line Brands Technology
Space ABSL/Quallion L|th|urp-lon Materials, Cells &
Batteries
Medical Quallion Lithium-ion Cells & Batteries
Munitions EAS, Enser Lithium Primary/Liquid Reserve
Land & Sea Hawker/Armasafe  Lead Acid (Thin Plate), NiZn
Aviation Hawker/Quallion L.ea.d AC.'d (Thin Plate), Ni-Cd &
Lithium-ion

_ EnerSys Proprietary
Kevin

EnerSys Headquarters: Reading, PA
~(US Owned Company)

Main Manufacturing Locations
Longmont CO, Sylmar CA, Culham UK

Sylmar CA
Horsham PA, Tampa FL
Warrensburg MO, Zwickau DE

Warrensburg MO, Sylmar CA,
Newport UK, Zwickau DE
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Overview of Battery Industry

E}&VS Battery Market Stratification

Power - Full Solutions

Battery Market Stratification

Chemistries can be Cell configurations k design
varied for high- include prismatic, siderations: s
energy, power, rate cylindrical, flat stack, rconnects,
and capacity, safety. wound, large, small, cing of cells,
polymer (pouch), mal gradients
hard case. t ejection,
ironmental
irements,
rface to
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Power/Full Solutions

ABSL - Quallion — EnerSys Advanced Systems
Aerospace Application

A/BSkOQUALLION

Quallion
Established in
California, USA

ABSL The 1st space

flight battery

manufacturer to qualify

lithium-ion cells for
space flight

ABSL The 1st lithium-ion
battery to orbit earth

(ESA’s PROBA 1)

ABSL The 1st
lithium-ion battery to Quallion Title Il ABSL
orbit Mars (ESA’s Award; Registered 100th Lithium-ion
Mars Express) AS9100 battery launched
_ C me—
— ey N—
The 1st lithium-ion ] S
battery to power a e ABSL The first EnerSys acquired
comet probe (ESA’s ABSL The 1st lithium-ion lithium-ion battery to Quallion.
Rosetta) battery to power a NASA provide power for ABSL & Quallion
— spacecraft (NASA’s ST-5) astrona’nut life support combine space
O — (NASASEML) technologies
Quallion registered N | —
ISO 9001 &13485; e

ABSL The 1st lithium-

Zero-Volt™ technology

&3
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ion battery to orbit ABSL Powering Quallion 1st
patented Venus (ESA’s Venus NASA's return to the Satellite battery
Express) moon (NASA’s LRO & launched into orbit.
—  Sem—— LCROSS) Powers U.S.
‘ Military Satellite
7. - ’ (TacSat 4)
N P
- | e—
Los Angeles County, CA ‘- '.1‘? .
& Boulder County, CO “f‘ EnerSys Headquarters: Reading, PA
’ . ,;‘ .  (US Owned Company)




Quallion — EnerSys Advanced Systems
E"e:' ®79  Medical Application '95’;()‘“’““0”

() ®

Quallion
Established in 10 years of safety
California, USA . i and reliability in
Quallion registered imolanted medical
ISO 9001 &13485; ol il
Zero-Volt™ technology 8 ——— Locations:
patented Quallion Facility- Los Angeles County, CA
Commercial launch of — EnerSys acquired  EnerSys Headquarters- Reading, PA
Advanced Bionics’ Manufactured Quallion.
Cochlear Implant with 100,000th
Ear battery medical battery
T  me—
|
———  COMMercial —

launch (EU) of

. Impulse Dynamics
Sequana Medical’s

launches Optimizer

Commercial launch of
Boston Scientific’s Spinal

Cord Stimulator with implanted pump IV using Quallion
Quallion implanted battery ~ With Quallion implanted battery
| — implanted battery
| —
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Enersys ABSL O

Single Cell Evaluation

1. ZeroVolt chemistry design verification (Comparison with
conventional LIB)

2.ZeroVolt cell characterization for aerospace application
1. 200mAh test cell, OV storage + LEO cycling test
2. 15Ah cell, low voltage storage + LEO cycling test
3. 75Ah cell, low voltage storage + calendar life test

EnerSys Proprietary
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Introduction of ZeroVolt Technology
E}S}Sv Comparison with Conventional LIB, Test Method WOQU““M

Power - Full Solutions

Test sample cell
*  Quallion 18650 cell (Zero-Volt™ technology)
+ Sony 18650H2 cell (Hard carbon cell)

Test procedure

1. Capacity check to determine baseline capacity (before storage)

* The cells are cycled three times at room temperature according to the following
standard procedures.

— a) CC charge at C/2 rate to 4.2V
— b) CV charge at 4.2V with a current cutoff of C/20
— ¢) CC discharge at C/2 rate to 2.7V

2. Simulate 0V state by short-circuiting the cell with a 20 ohm resistor.
3. Storage at room temperature for 3 days.

4. Charge the cells at room temperature in two steps
* CC charge at C/200 rate to 3.0V
* CC charge at C/20 rate to 4.2V

5. Repeat the capacity check test from step 1 to determine the cell capacity
after OV storage.

EnerSys Proprietary
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Power - Full Solutions

ZeroVolt Cell Characterization
Before and After 3-day Storage at Zero Volt

WOQUALLION

-
SONY 18650

.

Room temperature storage

~

w

40°C storage
45 45 - -
| =51 - before Storage —54- Before Storage
- = 51 - after storage . |= = S4- After Storage
40 1 ‘ : 40 !
Before Storage ' Before Storage
| | | [ r r : ;
s 35 | After Storage ; : <35 { After Storage - , ,
g | : g
= N ' = ' ' '
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.
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| Permanent cell damage after 0 volt storage
20 ; ; ; . ; | ‘ ‘ 20 ; ; ; ; ;
0 20 40 B0 80 100 120 0 20 40 60 80 100 120
DOD (%) DOD (%)
Room temperature storage 40°C storage
H 4 — Q- before storage 12 ] = ‘
Qualllon 5A-2 —-S-Zﬂ‘;r st?ra_qeg : et ggz:ﬂe:ro;osrg:ge
zero-volt 0N '
Before Storage : !
18650 S35 S35 : Before Storage
) After Storage £ . After Storage :
- 30 33.0 | | ‘\‘\
251 i : :
No cell damage observed
S T T S | EEERER R
DOD (%) DOD (%)
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ZeroVolt Cell Characterization Protocol for
E}sys Aerospace Application WO‘“’““O”

ower/Full Solutions

Test cell
« 200 mAh simulation cell e ™
e Hermetic ‘ Mﬂ!

Take ACIR/OCV measurements

1.
2. Capacity Check Cycling (2 cycles)
1. Charge: CCCV 0.5C to 4.1V, 0.05 C cutoff @ 23 °C
2. Rest: 10 minutes
3. Discharge: 0.5Ct02.7V @ 23 °C
4. Rest 10 minutes

« 0V storage
1.  Characterization for Zero Volt Storage

1. Discharge: 0.05Ct0 2.7V @ 23 °C
2. Rest 10 minutes

2. Attach 50 Q) resistor across positive & negative terminals of SCS cells
0 Incubator storage @ 23 °C for 14 or 29 months

« Post-0V storage
1.  Remove 50 Q resistor from SCS terminals

2. Recovery from Zero Volt Storage, Characterization
1. Charge: CCCV 0.005C (C/200)to 3.0 V @ 23 °C
2. Charge: CCCV 0.05C (C/20)to 4.1 V @ 23 °C
3. Rest: 10 minutes
4. Discharge: 0.5Cto 2.7V @ 23 °C
5.  Rest 10 minutes

3. Run 2 cycles of capacity check
1. Charge: CCCV 0.5C to 4.1V, 0.05C cutoff @ 23 °C
2. Discharge: CC0.5Ct02.7V @ 23 °C

4. Proceed to long-term cycling tests

. /
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50 Q resistor attached
across the positive & negative
terminals of SCS cell




Zero Volt Cell Characteristics in Aerospace Use

12
40% DOD LEO Cycle Performance after 0V Storage (29 months) WO@ UALLION

7 e o (200mAh wound type model cell)

Storage Condition No difference in cycle performance

For 29 months, 0.600 PGS

* 100% SOC (3 cells) : : Test location / :8&
* 50% SOC (3 cells) * 0V

4 100% SOC
4 100% SOC
4 100% SOC

* 10% SOC (3 cells)
* OV (3 cells)

(at room temperature) = = 50% SOC
iy ®m 50% SOC
% m 50% SOC
W * 10% SOC
o + 10% SOC
= + 10% SOC
-Fu_; .................................................................... S S ———
Cycle condition 3 | ;
* LEO cycle (40% DOD) L ------------------ Same energy retention trend [
g * Fresh cell (no storage)
_ L I e - 29mo. OV-stored cell |-
Capacity check = - .
*« 100% DOD 0.000 . . .
at every 500 CyCIGS 0 5000 10000 15000 20000
(at 2OOC) Cycle Index
EnerSys Proprietary
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Discharge Capacity / Ah

Discharge Capacity

Zero Volt Capability

Capacity Retention and Cell Voltage after 0V Storage (49 months) WO@ UALLION

Cegx’(i)rl]?ge Discharge Capacity / Ah
Storage Before Storage | After Storage | - After 5000
/ Volts 9 (49 months) cycles
X06H532 0.656 14.6 14.6 14.9
X061004 0.180 14.7 14.4 14.5

Cell Voltage @ End of Discharge

QLO15KA, after 4 years storage at RT

13

20 45 1
SAT 15Ah
18 1 SAT 051810 5
4.0 o 40% DOD LEO cycling: RT
16 - Charge: 0.6C to 4.1V, CCCV, 54 min. total
4 : 2 L e b { ] '} x x x Discharge: 0.67C to 2.7 V, 36 min. total
14 ] SAT 15Ah > No rest
SAT 051810 5 z Capacity Check every 500 cycles @ RT
12 4 40%_DOD LE_O cycling: RT o Charge: C/2 of total capacity to 4.1 V, CCCV, C/20 cutoff
Charge: 0.6Cto 4.1V, CCCV, 54 min. total Q Discharge: C/2 of nameplate to 2.7V
10 - Discharge: 0.67C to 2.7 V, 36 min. total % --------------------------------------------------------------------------------------
No rest >
Capacity Check every 500 cycles @ RT -
8 1 Charge: C/2 of total capacity to 4.1 V, CCCV, C/20 cutoff 8
Discharge: C/2 of nameplate to 2.7V 0 T ettt
6 Voltage after stored
1 P
4] Voltage after stored X0BR332 110.656V
* X06H532 | 0.656V 2.0 1~ 1
, = X061004 0.180V
4 X061004 | 0.180V
0 . . - : - ’ ! 1.5 T T T T T T T T T T T
0 2000 4000 6000 8000 10000 12000 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 1000 1100 1200
0 0 0
Cycle Index
y Cycle Index
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Zero Volt Capability

14
- Capacity Retention after 0V Storage (40 months) WOQUM,M
- (QLO75KA cell, 20% SOC Storage Performance

I
0 volt storage :20 % SOC storage on going
0% D Lo & i N

60% -

QLO75KA
40% - 0 - 40th Month: OV Storage at room temp -
After 40th Month: 20% SOC Storage at room temp After 0 volt storage

- No capacity fade
Capacity Check Cycle

Discharge Capacity Retention / %

o | ) -
20% 1" Charge: 0.5C / 4.1V till C/20 at room temp - Same storage capability
Discahrge: 0.5C to 2.7V at room temp to fresh cell
00/0 T T T T T !
0 10 20 30 40 50 60

Storage Period / Months
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8 Series Module (200 mAh Test Cell) Characterization

1.0V storage characterization for 4 months

2. Module characterization during 20% DOD LEO cycling
after OV storage

EnerSys Proprietary
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WO@UALL/ON

Scope of Work

1. To perform 0V storage with 200mAh simulation module
configured in series of 8 cells*

2. To understand the influence of 0V storage with module
configuration to electrochemical performance at pre-/post- 0V
storage

3. To characterize the 8-cell module in 20% DOD LEO cycling after
0V storage

*Cell level characterization of OV storage has been done separately. This study is extension of
understanding OV capability with ZeroVolt chemistry in application use.

EnerSys Proprietary
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@sysx 8S 200mAh Test Module Preparation ABSLucu

\ 8S Module Assembly \

Cell Configuration & History of cells
selected for 0 V Study:

« Form factor: 200mAh simulation cell (SCS cell) Voltage sense lines
I

Power supply
+ Feb ~Mar/2010: Cell Assembly: cable

(Cells under storage at 3.64 - 3.67 V for ~ 2 years before
Module assembly and Module OV storage characterization)

« Jan/2012: Module Assembly
« Jan ~May/2012: QV storage
« Jun/2012~: 20% DOD LEO cycling 7 /e

SCS cell ’ —h Interconnect tabs

. , e 1

NS A\ /

EnerSys Proprietary
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Enersys

Power/Full Solutions

8S 200mAh Test Module h
0V Characterization Protocol ABSL o

/1 . Take ACIR/OCV measurements

2. Capacity Check Cycling (2 cycles)

1.

2.
&
4

3. DCIR Test (1 cycle) not exceed 0.3 C rate

Charge: CCCV 0.5C until first cell reaches 4.1 V, C/20 cutoff @ 23 °C
Rest: 10 minutes

Discharge: 0.5C until first cell reaches 2.7V @ 23 °C Current across module with 2.7V /
Rest 10 minutes .
cell when resistors are attached does

1.

o WD

4. Characterization for Zero Volt Storage

Charge: CCCV 0.2C until first cell reaches 4.1V, C/20 C cutoff @ 23 °C
Rest: 10 minutes

Discharge: 0.2 C for 30 minutes orto 2.7V @ 23 °C
Pulse: 1C for 5 seconds

Repeat Discharge and Pulse until first cell reaches 2.7 V 8S|Module under 0V Sto rage

2.
3
&

y

5. Incubator storage @ 23 °C for specified period

Discharge: 0.1C until first cell reaches 0 V@ 23 °C

Rest: 1 hour

Take ACIR/OCV measurements

Attach resistance across positive & negative terminals of module
O 8S module: 400 Q resistance ( = 50 Q per cell)

6. Recovery from 0V storage

Hw DN =

After removing resistors, take ACIR/OCV measurements
Charge: CC C/200 until first cell reaches 3.0 V

Charge: C/20 until first cell reaches 4.1 V -
Discharge: CC 0.5C until first cell reaches 2.7 VV 50 Q resistors in series across module terminals

. After 4 months, 0V storage, place modules on 20% DOD, LEO Cycling

\

18
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0V storage characterization for 4 months
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Characterization of Modules before 0V Storage, Month 4 ?

Enersys Capacity Check Cycling, 8S Modules WO@UMLIGN

Power - Full Solutions

8S Module, Module and Cell Voltage

36 , - - - - 6.1
. Capacity Check Cycling (2 cycles) § | j | |
1. Charge: CCCV 0.5C until first cell reaches 32 B T L ””””””” 5.7
4.1V, C/20 cutoff @ 23 °C ‘ | | ‘ |
2. Rest: 10 minutes 28 | /7 4 N 100t Aux-Voltage (V) N S 5.3
Discharge: 0.5C until first cell reaches 2.7 V ! | T 1001 Aux Voltage (v)_2 !
o ] |
@z C PR B e et L A P
4. Rest 10 minutes E | | | ——1-001 Aux_Voltage (V)_5 2—
82 - R - 1001 Aux_Voltage (V) 6 - S — - 45 &
E ‘ ! ‘ ! ——1-001 Aux_Voltage (V)_7 ‘ g
1-001 Aux_Voltage (V)_8 o
% ux_Voltage | 41 z
S =
2 3
3.7
3.3
‘ 8S Module Characterization
4 ‘1 Charge: CCCV 0.5C until first cell reaches 4.1V, C/20 cutoff | 5 2.9
Rest: 10 minutes |
Discharge: CC 0.5C until first cell reaches 2.7 V i
0 | 1 1 I ; 2.5
0 5000 10000 15000 20000 25000 30000 35000 40000

Test_Time(s)

EnerSys Proprietary
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Characterization of Modules before 0V Storage WO@UM“ON

Eﬂel'  Capacity Check Cycling, 8S Modules, Month 0

Power - Full Solutions

8S Module, Voltage and AV* vs. Time

AV defined as the max. difference between cell voltages during cycling

40 T r r T T 0.4
. Capacity Check Cycling (2 cycles) | | | | |
1. Charge: CCCV 0.5C until first cell reaches 4.1 36 ”"""""""*} ”””””””” i’"""""""%"" """’"’"’"""’""’:*"""""""ﬂ; ”””””” | 0.36
V, C/20 cutoff @ 23 °C | | | | |
2. Rest: 10 minutes 32 4+ f—————f——f——f——#———— - 0.32
3. Discharge: 0.5C until first cell reaches 2.7V @ - ! !
23°C | | |
28 V1 MNodiule Voltase  SNC - 0.28
4. Rest 10 minutes - Module Voltage ;
24 4 - 0.24
> ‘ ‘ ‘
gp 20 I 85 Module Characterization before OV Storage | ; 0.2 :
= (2 cycles) i |
g Charge: CCCV 0.5C until first cell reaches 4.1V, C/20 cutoff ‘ ‘
Rest: 10 minutes ! !
16 1 Discharge: CC 0.5C until first cell reaches 2.7 V B I 0.16
o S A | B P
——1-006 Voltage(V) { ! Max AV |
—1-006 [$e Ita-v | 1 ’ | i
8 : ‘ | 0.08
4 0.04
0 i ‘ : : ‘ 0
11000 16000 21000 26000 31000 36000 41000 46000
Test_Time(s)
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Modules after 0V Storage, Months 0 - 4
Ener Capacity Check Cycling, 8S Modules ABSECOunicron

Power - Full Solutions

8S Module, Voltage and AV* vs. Time

* AV defined as the max. difference between [ ‘ ‘ ‘ ‘ ‘ 0.72
cell during cycling
- 0.64
. Capacity Check Cycling (2 cycles) - 056
1. Charge: CCCV 0.5C until first cell reaches
4.1V, C/20 cutoff @ 23 °C | | | 043
Rest: 10 minutes ‘ ; 8S Module Characterization
Discharge: 0.5C until first cell reaches 2.7 V —_ ! ! (2 cycles) » i
o > 20 I I Charge: CCCV 0.5C until first cell reaches 4.1V, C/20 cutoff i3 0.4
@ 23 C Tl; ! | ,{ Rest: 10 minutes i K
4. Rest 10 minutes ‘b'ﬁ | | 1 Discharge: CC 0.5C until first cell reaches 2.7 V. 5% :
g 16 1 Mo‘nth4-ModuIe \}oltage ;r 777777777777 3“” Er
Month 3 - Module Voltage i 5
Month 2 - Module Voltage | §
Max. AV among 8 cells were in 8S module: 12 Month 0 - Modulc voltae | | 2
- @50%DOD=10-25mv. || | |- Month 4, Delta -V | | |
« @ 100% DOD, 2.7 V = 360 — 480 mV 8 || Month 2, Delta-V | S 0.16
4 0.08
0 ‘ 0
0 5000 10000 15000 20000 25000 30000 35000
Test_Time(s)

EnerSys Proprietary
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Characterization of Modules after 0V Storage

23
8S Modules, Month 0 WOQUM,M

~rn s Gl VOltages during OV Storage in Modules *

i
= Module Voltage (V) i —1-006 AufooIta:ge (V)_1

8S Module, Discharge to 0V [ 3 , ‘ 1 3 3 4

negative terminals of module during 24
first month of 0V storage

e 1-006 Aux_Voltage (V)_Zi ——=1-006 Aux_VoIt:-)‘ge (V)_3
. 28 | | _emmm1-006 Aux_Voltage (V). 4| - ——=1-006 Aux_Voltage (V).5 | | [ - 3
* Voltage profile after attachment of . § _1_00““}0.“2:%61 DN I |
resistors across positive and 1 i 1006 Aux_Vokage (v) 8 | |
_t&,,, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e —— I ————— L; ,,,,,,,,,,,,,,,,,,,, 2
Cell Voltage

N
(@]
f
|
|
|
|
|
|
|
|
a
|
|
|
|
|
|
|
|
|
|
|
|
il
|
|
|
|
|
|
|
|
|
|
|
|
T
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
a
|
|
|
|
|
|
|
|
|
|
|
3 d
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
_
|
|
|
|
|
|
=

s 3 2,
T | £
[-T1] ‘ —
g 16 ; 03
- 8S module: S — ‘ ‘ =
" Q
2 cells showed reverse voltage I 1 S R A High degree of reverse voltage \ 777777777 -
between -1 V and -2 V. |
s N { t— -2
! Characterization of Discharge to OV with Resistor:
! ! Previous Step: Discharge C/10 until first cell reaches OV
4 Module Voltage Rest: 2 hours | 5
h i Discharge: Attach 400 Q resistance across module terminals
| i Storage: 1 month, RT
Module Voltage: 0V mmmup 0 1 == ‘ ‘ ‘ ‘ ‘ 4
30 1030 2030 3030 4030 5030 6030 7030 8030

Step_Time(s)
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Characterization of 8S Modules after 0V Storage 4/9$£Oaumuom

~-rnsDigcharge Curve Comparison in Month 0, 1, 2, 3, and

Discharge Curves

36 ; ; \ 43
. . . Module Voltage Capacity Check Cycle:
L4 CapaCIty CheCk CyCIlnq Condltlon 37 | Charge: CCCV 0.5C until first cell reaches 4.1V, C/20 cutoffiﬁ a1
1. Charge: CCCV 0.5C until first cell reaches 4.1V, Rest: 10 minutes '
C/20 cutoff @ 23 °C Discharge: CC 0.5C until firstreaches 2.7 V
2. Rest: 10 minutes 28 PN o i ‘ - 3.9
3. Discharge: 0.5C until first cell reaches 2.7 V @
e Module - Mont|
23 OC ) — 24 | e Module - Month3 S 3.7
4. Rest 10 minutes > —— Module - Month 2
Q e Module - Month 1 ;
?'P 20 | ——Modue-Montho _________ TS | 35 ;
= —— 1-001Aux_Voltage (V)_16- 7@3 i | ?'P
g —— 1-001Aux_Voltage (V)_3 6- 7@3 3 Cell Voltage: Month:?» %
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Characterization of 8S Modules after 0V Storage
Eﬂﬂl’ *  DC Resistance Dependency on DOD WO‘?U““O”

Power/Full Solutions

DC resistance vs. Depth-of-Discharge
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EnerSys  8S 200 mAh Test Cell Module, 0V Storage WOQUM,M

T PEFfOrMance Summary

During OV storage for 4 months, the following were found at periodic characterization
(capacity check cycles):

Discharge Capacity:

100% discharge capacity retention for 4 months at 0V
U Discharge capacity: from 0.183 Ah to 0.183 Ah

Maximum AV:

No change in voltage divergence among 8 cells
Q MaxAV @ 100% DOD= 360 — 480 mV
O Max. AV @ 50% DOD =10-25mV

DCIR:
No change in DC resistance across a range of DOD during 0V storage for 4 months

AC-IR:
No change in AC-IR values was observed.

= The test module demonstrated the 0V storage capability without any
degradation.
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8S Module characterization during 20% DOD
LEO cycling after 0V storage

(15,431 Cycles as of Nov. 2016)
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E 8S Module Characteristics under 20% DOD LEO Cycling after 0V
ner

~ Storage WO@ UALLION
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8S Module Characteristics under 20% DOD LEO 29
E}&VS Cycling after 0V Storage WO@UML/()N
nnsno: DiSCharge Capacity and End-of-Discharge Voltage
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8S Module Characteristics under 20% DOD LEO Cycling

Ener after 0V Storage

Power - Full Solutions

Maximum AV between Cells at End-of-Discharge Voltage

30

WOQUALLION

End-of-Discharge Voltage
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8S Module Characteristics under 20% DOD LEO Cycling

Ener g after OV Storage WO@ UALLION

s GEII@ANA Module Discharge Curves
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8S Module Characteristics under 20% DOD LEO Cycling after

- 0V Storage
e s DG RESIStAaNnce Dependency on DOD

A/BsLOQUALLION

DCIR (Q)
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Ener - 85 200mAh Test Cell Module, 20% DOD LEO Cycling WOQUM,M
~ . PEIfOrmance Summary

During 20% LEO cycling after 4 months of OV storage with 8S module, the following were
observed:

Discharge Capacity Retention:

No change after 12,500 cycles:
O Discharge capacity in the 8S module: from 0.183 Ah to 0.185 Ah

Maximum AV during cycling:
No significant increase of cell voltage divergence in module during 15,451 cycles

0 Max AV @ end of charge =25mV
O Max. AV @ end of discharge =22mV

DCIR:
No change in DC resistance of cells across a range of DOD after 12,500 cycles

= The test module demonstrated the superior LEO cycling performance for aerospace
application after 0V storage.
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