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= Space Flight Heritage Update
» LSE12x Cell Design Overview
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- Electrical Performance
- Environmental Performance
- Cycle Life Performance



GS Yuasa Corporate Highlights and Global Network /

GSYUASA

GS Yuasa Corporation (2004)

Develops management plan and strategy for GS group and

administrate the group companies to enhance the total value of the group.

GS Yuasa International

Manufacturing and sales of automotive & industrial batteries, power
supply systems, switch gear, lighting & ultra violet systems, specialty

equipment and other electrical equipment

@

GS Japan Storage Battery Co., Est. 1917

FY2020
Consolidated

U UV aAlJa \/ UVU .

Development, manufacturing and sales of large
lithium-ion batteries for electric vehicles

Blue Energy Co., Ltd (JV) (2009)

Development, manufacturing and sales of
lithium-ion batteries for hybrid electric vehicles

GS Yuasa Technology Ltd. “GYT” o
Manufacturing and sales of specialty batteries
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) Net Sales S BT
| $3.15B USD > .
Large-sized Li-ion
ST T T ooT s mm——--—- . Motorcycle hN Overseas /
| 37 Overseas affiliates ! ﬁ - ”ll
: 19 Countries v “T'ffml‘laam

L Traction Batteries ] p
________________ o =i9ed ¢ ¥

Membrane System Lighting equipment

GS Yuasa Energy Solutions (2019)
Sales of automotive, industrial and
power-sports batteries

GS Yuasa Lithium Power “GYLP” (2006)

Li-ion battery manufacturing and sales
North American aerospace and defense applications
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LSE Cell Heritage GS YUASA

Two Decades of Trusted Performance

Negative terminal
Cover plate i
Ruptireghite Jiinting shoet All cells share the same
Electrolyte filling plug 7 X Separators L ,E; f prl mary features:
3 . S ithium-ion cell - & :ﬂ; — "3\ ° Al_ca se
Positive terminal ) N ——— L = | . .
 ~~— 1P for Space - Lithium-ioncen % ¢ Wound prismatic
y | 1 J | ” s | construction
\ &2 e \GSYUASA L Litiam.on cell ' * Ceramic terminals
AS
| ,!L s };‘-. 7 6 5 o  *+ Case neutral
i ‘ i Lithium-ion cell = = Gs ’ ° LCO Chemist ry
al | | ‘ ' 1ok Sp el Lithium-ion cell dlogy Ltd. 68 Yussa Technology Lig YUASA |
GS YUASA for Space
GS Yuasa Technology Lig 1
Case | GSYUASA [ |
l» - "P % ‘ . @GS Yuasa Technology Ltd J » J
Positive electrode The LSE Li-ion cell portfolio consists of various sizes that
Nogillve ilseiads share analogous design and manufacturing characteristics.

Insulating sheet

Approximate Nameplate Cell Capacities (left to right)
Gen 3: 35Ah, 55Ah, 190Ah, 145Ah, 110Ah
Wound electrode in an Gen 4: 40Ah, 60Ah, 205Ah, 160Ah, 120Ah

elliptical cylindrical case
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LSE Cell Manufacturing Location GS YUASA

GS Yuasa Technology LTD. Kyoto, Japan
M X | JH‘ g g

0
Kyoto ol
K D ;
o 7 A:\; Ny 4
i P | ghd
= : Green: GS Yuasa Main Campus —
gy e “’“ Engineering, Manufacturing, R&D, Sales
/
= A Orange: LSE Cell Manufacturing and Testing
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GS Yuasa Space Flight Heritage Update

- LEO/MEO

Longest satellite on-orbit (yrs)................
Li-ion Watt-hours flown in space........
Cell-hours flown in space..............
Space cell qualification programs..........

Cell sizes (Ah) flown...

Performance to date..

Backlog (Wh)............

220+
102+
117

GS Yuasais aworld leader in Li-ion energy storage for space vehicles
Number of satellites...

Servis 1 (30 Oct. 2003)
>16yr (IPSTAR, 11 Aug. 2005) still operational
>4.4 MWh (world leader)
>510 million hours

>27

35; 50; 55; 100; 102; 110;
134: 145; 175; 190; 200

No failures
>1.5 MWh

Launch vehicles & number of satellites

Ariane-5ECA 47 |Falcon-9v.1.2 14 |Soyuz-2-1b Fregat 3 |H-2A-2024 2 Atlas-5(421) 1
Soyuz-2-1 Fregat 24  |Antares 230 10 |Zenit-3SLB 3 |H-2A-204 2 Delta 11-7420 1
H-2B-304 13  |Proton-M Briz-M (Ph.4) 6 Antares 120 2 |H-IIA 2 Dnepr 1
H-2A-202 20 |Atlas-5(401) 5 Ariane-5ECA+ 2 |Rokot-KM 2 Epsilon CLPS 1
Proton-M Briz-M (Ph.3) 18 |Falcon-9v.1.1 5 Atlas-5(431) 2 |Zenit-3SL (2) 2 GSLV Mk.2 1
Soyuz-STB Fregat-MT 17 |Proton-M Briz-M (Ph.2) 4 Epsilon 2 |Ariane-5GS 1 Proton-M Briz-M (P1 M1) 1

Metrics updated February 2022

/
GSYUASA
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LSE12x Lithium-ion Cell for Space
Design Overview



LSE12x Design Objectives /

GSYUASA

Goal: Design and qualify a cost competitive small form factor cell that aligns with
the market’s expansion toward smaller and high power spacecraft.

Cell should achieve the following objectives:
—>Maintain LSE cell reputation for ultra high reliability
- Leverage heritage mechanical piece parts and processes to reduce risk
- GS Yuasa's Generation 4 LCO-Graphite Space chemistry

—->Minimize user’s program risk through complete configuration control and
material traceability

- Design for manufacturability and cost competitiveness




LSE12x Case Design /

| N | GSYUASA
Fusion of Aviation and Automotive Cells
®
@ Blue Energy
- EH5 Ultra high power cell for Honda/Acura hybrids
i aj-'ﬂ | '
O / Rupture plate
ﬂk
(84.7)
| 68.
Unit: mm =t g 21

Aluminum Case

Case Neutral Design
Hermetically Sealed
Ruggedized Current Collectors

21
- LVP10 Cell for Aviation Applications

BXst Y-IX-2A79 Fo/09—

GS Yuasa Technology Ltd.

2022 Space Power Workshop - GS Yuasa Lithium Power



LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Improved Cycle Life and Voltage Performance

40% DOD Cycle Life Test

s 110
EOCV
42 ||
100
- "'C" 90 t
% 38 b o >
8 A R A A W =
3 T % 80 |
= 36 I lgopv o2
34 | — Gen. 4 0T = Gen. 4
m— Gen. 3 =Gen.3
32 | I 60 ' '
0 5000 10000 15000 20000 0 5000 10000 15000 20000
Cycle i ) Cycle
40% DOD LEO Cycle Profile Periodic capacity check
Charge: 0.5 CA, 4.1V, CC/CV, 1 h Charge: 0.2 CA, 4.1V, CC/CV, 8 h
Discharge: 0.8 CA, 0.5 h Discharge: 0.5 CAto 2.75V
Temperature: 20 deg. C Temperature: 15 deg. C

See GS Yuasa’s SPW2021 Presentation for more Gen 4 Cycle Life Performance



LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Voltage Performance vs. NCA

OCV vs. SOC
GS Yuasa LCO Voltage Performance Compared to NCA

>
5
O
3
2.9 [
2.8 —e—NCA Cell OCV @ 20deg.C
2.7 GS Yuasa Gen 4 OCV at 15deg.C
2.6 —e—GS Yuasa Gen 3 OCV at 15deg.C
2.5

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 O
SOC (%)



LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Voltage Performance vs. NCA

GS Yuasa (LCO Gen 4) vs. NCA
Performance Under Load

4.2 800
4.1 GSY LCO Gen4 @ 0.625C Discharge 750
4 —e—NCA @ 0.5C Discharge 700

39 Voltage Difference 650

3.8 600
— 3.7 550 =
= €
o 3.6 500 =
& 3.5 450 S
—_ Q
>O 3.4 400 E"
gﬂ 3.3 350 E
w 3.2 300 o
- oo
§ 3.1 250 B
0 3 200 2

2.9 150

2.8 100

2.7 » 50

2.6 0

2.5 -50

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
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LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Voltage Performance vs. NCA

GS Yuasa (LCO Gen 4) vs. NCA
Performance Under Load

4.2 800
4.1 GSY LCO Gen4 @ 0.625C Discharge 750
4 ——NCA @ 0.5C Discharge 700
39 Voltage Difference 650
3.8 600
— 3.7 550 =~
<369 500 £
% 3.5 450 S
;‘5 3.4 3.6V/C€|| Minimum 400 %
g 33 350 ‘*g
o 3.2 300 o
3 3.1 250 B
! 200 2
2.9 150
2.8 100
2.7 > 50
2.6 0
2.5 -50

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
DoD (%)



LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Voltage Performance vs. NCA

GS Yuasa (LCO Gen 4) vs. NCA
Performance Under Load

4.2 800
4.1 GSY LCO Gen4 @ 0.625C Discharge 750

4 —e—NCA @ 0.5C Discharge 700
39 Voltage Difference 650

3.8 600
37 550 S
_ =
=36 500 £
Q
&35 \ 450 ©
i Q
S 34 ' 400 E
v 3.3 . ) 350 £
£ -5 NCA Accessible Capacity 300 %
$51  ~45%DOD max 250 &
&} 200 9
2.9 150
2.8 100
2.7 p 50
2.6 0
2.5 -0

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
DoD (%)



LSE12x Generation 4 LCO-Graphite Chemistry /

GSYUASA

Voltage Performance vs. NCA

GS Yuasa (LCO Gen 4) vs. NCA
Performance Under Load

4.2 800

4.1 GSY LCO Gen4 @ 0.625C Discharge 750

4 —e—NCA @ 0.5C Discharge 700

39 Voltage Difference 650

3.8 600
<37 550 %“
=36 > 500 £
#35 h N 450 S
S 34 ' 400 qf;_-‘
v 3.3 : : : : 350 &
2 NCA Accessible Capacity LCO Accessible Capacity 200 2
531 | ~45%DOD max ~85%DOD max 250 ©
0 3 200 2

2.9 150

2.8 100

2.7 b 50

2.6 0

2.5 -50

O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
DoD (%)



LSE12x Cell Design

Features and Specifications Summary

/
GSYUASA

e Inspired by mature commercial cell designs; Enhanced for space
» Case neutral design
» Radiation hardened
» Hermetically sealed
e GS Yuasa’s Generation IV Lithium Cobalt Dioxide Chemistry
» Extremely low DCR
> Excellent cycle & calendar life
» High discharge voltage
v’ ldeal for unregulated bus applications
e Suitable for all space vehicles

LSE12X Performance Specification

BOL Capacity 4.1V-2.75V 13.6 Ah, 51.0Wh
*4.2V-2.75V 15.0 Ah, 56.3Wh

Nameplate Capacity 12 Ah, 45Wh

Nominal Discharge Voltage 3.75V
Continuous Charge Rate, 15°C 6A
Continuous Discharge Rate 24A
Pulse Discharge Rate 60+A

DCR @ 50% SOC, 15°C <6 mQ
Nominal Cell Impedance 1.1mQ

Mass 0.390 kg




/
GSYUASA

LSE12x Lithium-ion Cell for Space
Qualification Results

Aluminum plates
(Thickness: 10 mm)

Bolts, M10 x 4

LSE12x Cell

Load cell



LSE12x Qualification Lot /

GSYUASA

103 Cells manufactured in QM cell lot

Lot Number Activation Date m = 12 Cells selected for primary qualification

001 (QM cell lot) 4/2021 test program
» Remaining cells used for:
0.2C Ah Ccu:rﬂrn‘_v@25{1’{:@.er'_£:_;?€£'31¥) I o > Life testing
‘ - Special supplemental qual tests
‘ ‘ - Battery development activities
= Configuration control and full traceability

1 17525 1355 17575 P 7625 565 17675 7 13025 375 allows qualification data to remain
Ak Capacily applicable to future Flight production lots.
0.5C Ah Capacity @ 25dep.C (103 Cells) . . . pr . .
! 13.6013.61 1364 1369 - Minimizes costly recertification testing.
.f_i!__i .|'_i'_=§25 .f_i‘_=§5 .|'_i'_=§?5 .f_i!_ﬁ .|'_i'_1=‘.|25 .f_i‘_=1ﬁ5 .|'_i'_1=6.75 fj':_? Li‘_=?25 .f.i‘_i?_?

Ah Capacity




Cell Qualification Test Areas /

GSYUASA

GS Yuasa Typical In-house Space Cell Qualification Program

Performance Qualification of Li-ion cells consist of four major testing areas

|
0 . |
Basic Environmental Safety Testing : | Additional
Characteristics Survivability Lot Testing |
Qry: 3 '
Qty: 12 QTY: 6 : Radiation
Exposure
Dimension, . |
Mass, R Over-discharge Vent Opening : Enhanced
Appearance Sine Vibration (1) Pressure . Dimensional
| Analysis
: High rate
Electrical Random Overcharge Case Burst I Charge &
Performance Vibration (1) Pressure I Discharge
|
: Others
Pulse & High External Short Self-discharge
: Shock
Rate Discharge (1) (12)
Acceleration Other as Cycle life

required
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LSE12x Basic Characteristics GS YUASA

Dimensions/Mass/Appearance

T Cheria | Average | Min/as

Length 21.0 +1.5/-0.5mm 21.29mm 21.22/21.50mm
Width 133+0.5mm 133mm 132.95/133.05mm
Basic Height 68.2+0.5mm 68.19mm 68.16/68.22mm
Characteristics
Mass 386+13 386.5 386.1/386.9g
ACz <1.7mQ 1.08mQ 1.07/1.09mQ
Dimension,
— Mass, Appearance Conformed to drawing. No appearance anomalies.
Appearance
. iy el
Ji - —
. o S N s s S =
Electrical f
Performance
|| Pulse & High L bl
Rate Discharge L . |
;l-
AN

2022 Space Power Workshop - GS Yuasa Lithium Power 20



LSE12x Basic Characteristics

/
GSYUASA

Electrical Performance at Various Temperatures

ENe

Characteristics

Dimension,
Mass,
Appearance

Electrical
Performance

Pulse & High
Rate Discharge

Step Operation Type Current /A Voltage/V Time
1.2A @-10°C 6 hours @ -10°C
1 Charge ce/ev 2.4 A @>+5°C 4.10 4 hours @ >+5°C
2 Rest — — — 10 min or more
g | cc 2.4A 275 -
Discharge
4  Rest — — — 10 min or more
1.2A @-10°C 6 hours @-10°C
5 Charge ce/cv 2.4 A @>+5°C 4.10 4 hours @ >+5°C
6 Rest - - - 10 min or more
7 |22 cC 6.0A 2.75 -
Discharge

Using the discharge voltage and current measurements
from the 0.5C and 0.2C capacity test calculate the DCR by
dV/dl of the cell at 20% 50% and 80% discharged states.

* DCR (mOhm) = (V 5~V sc) / (lgsclo.2c) *1000

Report Ah Capacity and DCR

Temp.

-10°C
+5°C
15°C
25°C
30°C
40°C
(One cycle at each
temp)



LSE12x Basic Characteristics /

GSYUASA

Electrical Performance at Various Temperatures

14.0
—o—LSE12x - SN13A

13.61 !
13.56 13.58 13.61

13.4713:51
13.5 =
13.28

Basic £13.0
« 4. = BOL capacity >12.5%
Characteristics £ — | above 12Ah nameplate
E S 12.5
Dimension, S 3.
Mass, g- 3.3 12.0 -
Appearance S 3.2
93
11.5
Electrical 20 -10 0 10 20 30 40 50
Performance Temp (°C)
) 30deg.C
2.6 ——40deg.C
Pulse & High 2.5
Rate Discharge 0 2 4 6 8 10 12 14

Capacity (Ah)



LSE12x Basic Characteristics

Electrical Performance at Various Temperatures

EN[e

Characteristics

Dimension,
—_ Mass,
Appearance

Electrical
Performance

|| Pulse & High
Rate Discharge

/
GSYUASA

Average (Ah)
Max (Ah)
Min (Ah)
Criteria (Ah)

13.23
13.26
13.16
>10.6

13.43
13.46
13.37
>12.0

13.48
13.51
13.41
>12.0

13.52
13.55
13.46
>12.6

13.55
13.57
13.49
>12.6

13.57 13.56
13.59 13.59
13.51 13.51
>12.6 >12.6

Average (mQ) 19.56 9.62 7.07 5.51
Max (mQ) 19.97 9.78 7.22 5.64
Min (mQ) 19.19 9.39 6.92 5.36
Criteria (mQ) Ref Ref Ref <8.0
DCR 50%S0C @ 25deg.C (12 Cells)
1.72 .75 81 3183 189
i‘=5 ?_I'i_? i‘lﬁ i‘nllﬁj i‘_lf _i‘_l?_? _i‘_I.‘:’ _i‘_.L’S ?_I‘;‘ _?_'I’y‘_? ~.‘i
DCR (mOhim)

2022 Space Power Workshop - GS Yuasa Lithium Power

3.80
3.89
3.72
<8.0

3.24 2.54
3.33 2.61
3.17 2.58
<8.0 <8.0

23



LSE12x Basic Characteristics /

Pulse & High Rate Discharge Performance
Step Operation Type Current/A Voltage/V Time Temp.
1 Charge CC/cv 6.0A 4.10 4 hours
2 Rest = = = 10 min or more +15°C
3 3.0C Discharge CC 18A -- 5 sec @ DOD 0%, 20%, 50%, 80%.
4 0.5C Discharge - 6A 2.75 Between pulses
Basic
Characteristics 4.2
41 |
4.0 | U
. . 3.9 - :
D'“Ijﬂea“:s"’”' 3.8 BOL Cell is capable of 3C
Appeara'nce ﬁgg I —— | pulses at 80% DOD while
%gg | remaining above 3.6V
. 3.3
Electrical =35
Performance > 31
3.0
2.9
2.8
Pulse & High 2.7
Rate Discharge 2.6
2.5

0 2 4 6 8 10 12 14
Capacity (Ah)



LSE12x Basic Characteristics /

| | GSYUASA
Pulse & High Rate Discharge Performance
Step Operation Type Current / A Voltage / V Time Temp.
1 Charge cc/cv 6.0A 4.10 4 hours
2 Rest - - - 10 min or more +25°C
3 Discharge CC 144A, 204A, or 300A 2.75
basic 4.5 160 + LSE12x is capable of
Characteristics Voltage ,X IS capa Pj °
40 | 17¢  12¢ 1 140 sustained ultra high rate
— | / O discharge.
Dm,\‘,lea”:s'on' - 3.5 120 s * Pulse discharge at these
Appearance =30 100 & rates is possible.
. -1 . .
> = * Continuous cycling has
© —
Electrical = 2.5 18 ¢ not yet been evaluated.
Performance > =
2.0 1 60 ©
Pulse & High 1.5 ’/% 40
Rate Discharge 1 O Temperature 20

O 2 4 6 8 10 12 14
Capacity / Ah



LSE12x Environmental Testing

GSYUASA

Major Equipment Overview & Capabillities

2022 Space Power Workshop - GS Yuasa Lithium Power

*Vibration Test:

Sine: 0.1-20kHz

Random: Max 20kHz
*Shock Test:

Accel: 29-166713m/s?

Time: 0.1-60ms
*Acceleration:

Accel: 2.4-240G

Max Weight: 30kg

26



LSE12x Environmental Testing

/
GSYUASA

Prior to dynamic exposure cell basic electrical characteristics are confirmed again (Capacity, DCR, ACz, self discharge)

Cells are compressed and charged to 4.10V during exposure to each of the below environments.

Cell electrical performance is again confirmed after environmental exposure and compared to prior measurements.

Sine Vibration

Random Vibration

Frequency/ Hz Level Frequency / Hz Level Grms

. . 20 to 58 +6 dB/oct 23.63
510 27.9 6.4 mm (Smgle amp"tUde) 58 to 700 48.02 (m?%/s*)/Hz (0.5 g¥Hz) | (231.57 m/s’rms)
27.9 10 100 196 m/s? (20g) 700 to 2000 6 dBJoct

Sweep rate: 2 oct/min

Shock (Impact)

Frequency / Hz

Level

200

392 m/s? (40 g)

200 to 2000

+9.296 dB/octave

2000 to 7000

13,720 m/s? (1400 g)

Period: 3 minutes

Acceleration

Direction Level

X, 1Y, 7 30G for 5 Min




LSE12x Environmental Testing GS YUASA

Sine and Random Vibration Test Set-up

Configuration X-axis Y-axis Z-axis
Sine Vibration

1
Frequency / Hz Level
51t027.9 6.4 mm (Single amplitude)
27.91t0 100 196 m/s? (209)

Sweep rate: 2 oct/min

Random Vibration

Frequency / Hz Level Grms
20 to 58 +6 dB/oct 23.63
2 58 to 700 48.02 (m%s*)/Hz (0.5 g¥Hz) | (231.57 m/s’rms)
700 to 2000 -6 dB/oct

Period: 3 minutes

2022 Space Power Workshop - GS Yuasa Lithium Power 28



LSE12x Environmental Testing GSYGASA

Sine Vibration

Response of cell x-axis random vibration Response of cell y-axis random vibration Response of cell z-axis random vibration
1000 1000 1000
] E E
3 10 -0 a = 10
1 1 1
1 10 100 1 Fre 10en(: 100 1 Fre ueL((): (Hz) 10
Frequency (Hz) quency quency
Voltage Voltage profile shows no abnormal activity
4.15
while exposed to the Sine Vibration
environment.
)
(]
?60 4.1
G
>
4.05

0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time (m) —Voltage



LSE12x Environmental Testing /

GSYUASA

Random Vibration

Response of cell x-axis random vibration Response of cell y-axis random vibration Response of cell z-axis random vibration
1000 1000 1000
g 100 § 100 g. 100
e o 5
2 3 2
g g g
é 10 é 10 &“3 10
1 1 1
10 100 1000 10000 10 100 1000 10000 10 100 1000 10000
Frequency (Hz) Frequency (Hz) Frequency (Hz)
Voltage
4.15
Voltage profile shows no abnormal activity
o while exposed to the Random Vibration
> ’ .
o environment.
©
©
> 405
4

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Time (m) —\Voltage



LSE12x Environmental Testing

Shock Test Set-up

EIJ i.d ?‘( ‘

202L JdpdLE FUwWEIl VVUIKSIIUP - T3 1uUdSd LiUiuii roweln

Hammer

Shock test jig

LSE12x-401 cell

Accelerometer

Accelerometer

Accelerometer

GSYUASA

Shock Profile

Frequency / Hz

Level

200

392 m/s? (40 g)

200 to 2000

+9.296 dB/octave

2000 to 7000

13,720 m/s? (1400 g)

31



LSE12x Environmental Testing

/
GSYUASA

Shock Response

Response of cell x-axis random vibration

Response of cell y-axis random vibration Response of cell z-axis random vibration

100000 100000 100000
10000 10000 me% 10000
g 1000 g 100 g 1000
3 E -
= 100 4 100 S 100
10 10 10
1 1 1
10 100 1000 10000 100000 10 100 1000 10000 100000 10 100 1000 10000 0000
Frequency (Hz) Frequency (Hz) Frequency (Hz)
4.15 . . o
Voltage profile shows no abnormal activity
_ while exposed to the Shock.
>
o 41
Qo
S
o)
>
4.05
4
0 05 1 1.5 25 3 35 4 45 5 55 6

Time (m)

—Voltage



LSE12x Environmental Testing /

GSYUASA

LsE12x 0-5€ iahpacity DCR @; 50%
Aty L (ah) (m0) (m0)

Effect of Environmental Exposure

4.3 Botore (0.5C After (0.5C Before  After  Before  After Before  After
42 store (0.56) °r(0.56) Average 13.43 13.14 378 4.02 110 1.14
4.1 Max 13.46 1323 391 415 111 1.15
4.0 Min 13.38 13.25 368 3.87 110 1.14
3.9
53'8
‘gg-é Slight change due to nominal aging
835 effects accumulated over the test
234 period. No attributable differences
gg caused by environmental exposure.
3.1
3.0
2.9
2.8
0 2 4 6 8 10 12 14 16

Capacity (Ah)



LSE12x Safety Testing /

GSYUASA

Cell did not vent.
Cell voltage reached 4.7 volts after

Overcharge ~+12 Ah charge above 100% SOC.
No significant temperature increase
Cell Safety was observed during overcharge.
Qualification Cell did not vent.
Tests Over-discharge | Cell acts as a resistor due to short
(ERW 127-1) (Forced Discharge) | circuit caused by copper dissolution
and plating.

Cell did not vent.

Cell completely discharged in
~1minute. Peak current of 1700A.

External 1.25
short milliohm

9.9 180

—Voltage 5 80 5 180
—Cur'cle —‘éoltage
—Current 4 4
5 [[—=cCell timpr:ranm . 4 150 4 _C;‘rl ::m‘rmat.w& 70 4.5 emperature 160 O
Ambient temperature (c_) 3 Ambient temperature | 60 O 4 Ambient temperature |[{ 140 ‘q;)
] o) % 2
4.5 ﬁ 120 5 2 Cell Temperature | 50 g 35 1 120 g
> © =
= > © > Q
s 2 41 b=
S 4 I Voltage 4 90 ﬂé S 1 — 40 g = 3 Cell Temperature 00 é
E é S 0 Ambient Temperature L) 1 30 g > 25 { 80 p
S 3.5 41 60 . L~ o
S < 9. | ;8 160 2
Cell Temperature |—> ‘\E > -1 20 ;E = & Ambient Temperature 9 x
3 3 9 2 110 § 15 140 2
= (J Current S ¢
55 | Ambient Temperature 0 & 3 Voltage |_) 10 O 1 Clu_r_r;nt 4 20 3
Current L) -4 4 -10 0.5 V‘olt_a‘ge 0
2 T T T T T -30 -5 . . i i -20 0 T T T T T -20
00 06 12 18 24 30 36 0 0.2 04 06 08 1 0 1 2 3 4 5 6
Time/ h Time/h Time/ min
Overcharge to 4.7V Forced Discharge External Short

2022 Space Power Workshop - GS Yuasa Lithium Power
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LSE12x Cycle Life GS YUASA

Ultra high DOD Cycle Life

Test Conditions
Ambient

Charge Condition . "
(CCCV unless noted) Discharge Condition Test Temp Remark

EoCV Rate Time EoDV Rate Time

Test Name Cell Type

40%, 50%, 60%, & Ultra high DOD

0% DoD LEO LSE12x 4.1V |Various| 1.0Hr N/A |Various| 0.5hr 15°C LEO Cycle
4.5 - 110
4.4 l Capacity Retention - 105
43 | - 100 Cycle Discharge Charge
‘2 &*—- o 40%DOD | 0.8C (9.6A) for 0.5hr [0.5C, 4.10V, CC/CV, Lhr
4‘0 — a5 50%DOD [1.0C (12.0A) for 0.5hr|0.6C, 4.10V, CC/CV, 1hr
3'9 . 80 60%DOD [1.2C (14.4A) for 0.5hr|0.7C, 4.10V, CC/CV, 1hr
38 . . | 75 70%DOD |1.4C (16.8A) for 0.5hr|0.8C, 4.10V, CC/CV, 1hr
37 - 70
3.6 T R ——— - 65
3.5 EODV - 60
3.4 - 93 Ultra high DOD cycling
3.3 - 50 supports LSE12x use in high
32 ——— DOD70% —— DOD60% - 45 .
— DOD50% —  DOD40% power missions or to support
3.1 Gen 3 40% DoD Ref - 40 off-nominal operations.
3.0 - 35
0 2000 4000 6000 8000 10000
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LSE12x Additional Qualification Tests /

GSYUASA

SUS M5, pitch 0.8 mm

Max. 6.75 mm

von Mises (Nfm~2)
5.000e+007
4.584e+007

. 4.168e+007
3,753e+007

. 3.337e+007

. 2.921e+007

| 2soser007

. 2.089+007
. 1.673e+007

He-leak tests pre- and post- Irradiation (2Mrad, Co-60 source)

. 1.258e+007

8.417e+006
4.256e-+006
1,000e+005

Before After
0001 8.59x10 Pa*m?/sec 7.44x10 Pa*m3/sec
0002 9.50x10 " Pa*m?/sec 6.40x10 Pa*mi/sec
0002 8.82x10 Pa*m?/sec 7.70x10 Pa*mi/sec

EOL Mechanical FEA Radiation Tolerance

>

Nail Pen Testing with adj. Cells

Case Bust Test
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LSE12x Qualified! /

GSYUASA

» The LSE12x cell has successfully completed all qualification testing
and specification objectives have been achieved.

= Ready for production
= What next???




LSE12x Scalable Battery /

GSYUASA

Designed by GS Yuasa Lithium Power

= GYLP is currently designing a scalable battery
based on the LSE12x cell building block.

= Battery configurations will offer capacities
ranging from 360Wh to 4320Wh.

= Electrical configurations to support both low L&1] |
and high voltage applications. |

= The design has completed internal
Preliminary Design Review (PDR)

. , o . . Qualification unit withl-vclonnector box
= GYLP is preparing for Critical Design Review (cover and inter-cell connects not shown)

(CDR) of a 72-cell variant, 8s9p.

= Full battery qualification is anticipated to be
complete by Q2 2023.



/ Energy storage design test and manufacturing expertise
GSYUASA Industry leading spaceflight heritage

Validated and reliable performance modelling

www.GSYUASA-LP.com
for more information

Thank you!




