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Agenda

Problem & Solution
— Why do we need to act strategically?

COTS cell design survelllance

— What cell designs are most promising?
Acquisition and receipt of cell lots

— How best to procure and receive them?

Initial lot assessment sample test

— Quickly determine if received lot has merit for proceeding

Lot acceptance testing (destructive sample)

— Fully characterize the performance, safety, and quality of the lot

Flight cell screening

— Reject all outlying cells such that passing cells are well matched
— Rapid soft short detection methods

Sustaining plan

— How does the reserve become a sustainable operation?



Problem & Solution

 Problem

— Buying, screening, and certifying numerous COTS cell lots with
only enough cells for each individual project is not efficiently
utilizing our resources

— We are unable to buy the best cells with small orders

— Some of our primes and subcontractors are making costly
mistakes/omissions in screening and certifying for manned
space applications

e Solution

— Entice cell manufacturers to sell directly to us for just a few
large quantity cell lot orders and get the best quality designs for
maximum benefit to our programs

— Control how they are bought, screened, certified, and stored to
prevent future cell level issues, anomalies, failure
Investigations, and risky battery designs




Selected High Energy Cell Designs

LG INR18650 M36 Moli INR18650-M35A
* Previous heritage  Little previous heritage
— 250 pm can wall — Same manufacturer of
— Safety fully characterized by ICR18650J, primary power for
JSC > 25 EVAS

— Multiple variations beam tested — Superior extreme cold

| in ETRC performance
25 — 3 batches of ISCD trigger cells e L W g A
23 delivered to JSC — Multiple batches of ISCD

trigger cells delivered to JSC

« At C/10 and room
temperature
— 277 Wh/kg, 725 Wh/L
— ACR iIs 24.4 mohms
— DCR is 32.5 mohms

« 120k lot (Feb 2021) delivered
In Apr to JSC

e« At C/10 and room
temperature

— 270 Wh/kg, 710 Wh/L
— ACR is 23.9 mohms
— DCR is 29.8 mohms

« 70k lot (Nov 2020) delivered
In Apr to JSC




First Lot Procured for Strategic Reserve — Delivered in Apr 2021
LG INR18650 M36 rated at 3400 mAh
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» Thickest can wall (250 micron), least susceptible to side wall breach (SWB)

» Lowest thermal runaway heat energy release of high capacity cells

* Reliable supply chain with lot traceability

 Availability of trigger cells with internal short circuit device (ISCD) implanted, avoid applying excess energy to battery
system with traditional external heating during propagation testing.

» Good energy capacity performance at room temperature vs. other high energy cells that require elevated temperature
(>50 °C) to reach rated capacity at high power levels

* No bottom vent
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LG INR18650 M36

el Oty 19, 20050500 o NAVSEA contract with ADS
SR DS SR A Ve ‘ « Awarded in Aug 2020
e 70,000 cells delivered on 16 Mar 2021 to PCTEST
« 20k for NAVSEA, 50k for NASA
PCTEST completes Receiving Inspection per EP-WI-035
PCTEST completes sections 3.0 per EP-WI-036A

24 Nov 2020 Date Code Translation of T329 « 350 cell random sample
» Remaining cells shipped and arrived at JISC on 6 Apr 2021

L0700 T
-

AWARNING) §
Disfiguring fire-

explosion risk
__Avoid it -

INR18550M35
+DT329K244A2-~

Qty 50,800
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Avoid inj.
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25 Nov 2020 Date Code Translation of T330

B8 INR 18650 HB3

Other Markings: DBocote ECCote Vol Tmceste g
D: Production Site — Ochang, Korea +D R 037 BO6 3 A- [F=E= :
K24, K25: LOt numbers '-'3":?‘:‘-"’ :'.:.‘:::' -",:::;:",:r Xm0 -‘-ﬂ_.j::.;. Sordl o ™ T.:;‘:‘ a

4: Production Line: Ochang Factory #4
A2, AG: serial number



LG M36 Capacity Cycled in 25 to -20°C temp range

Cell Voltage (V)
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Discharge @0.35A to 2.5V at 10°C and above,

LG Chem INR18650 M36 Cell Discharge Temperature Testing

Typical Profiles From 3 Cells Tested; Charge and Discharge at Specified Temp.
Testing at 25, 10, 0, -10, and -20°C; Charge @ 0.35A to 4.20V, 4.20V to 50mA

SRI Data
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MOLICEL

LITHIUM-ION RECHARGEABLE BATTERY

New High Energy Cell Design

B Discharge Temperature Characteristics

PRODUCT DATA SHEET
MODEL INR-18650-M35A

B CELL CHARACTERISTICS

Typical 3500 mAh
Capacity 12.5 Wh
Minimum 3350 mAh
11.9 Wh
Nominal 36V
Cell Voltage Charge 4.2V
Discharge 25V
Continuous Standard 1.7TA
Charge Current Maximum 1.7 A
Charge Time Standard 2.5 hr
Discharge Current  Maximum 104
Ambient Charge 0°C to 60°C
Temperature Discharge -40°C to 60°C
Energy Density __ Volumetric 700 Whil
Gravimetric 250 Whikg

B PHYSICAL CHARACTERISTICS

B Charge Characteristics
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* In mass production in Taiwan since 2019
* Lot of 120k cells delivered in Apr 2021

« |ISC Device trigger cells delivered and more coming
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Moli INR-18650-M35A

Total
Date |Total Per Sample for
code |Datecode ILA
L1212 45016 229
L1213 33171 169
L1214 15482 78
L215 25731 124
Total 119,400 600

L212 translates to 12 Feb 2021
L213 translates to 13 Feb 2021
L.214 translates to 14 Feb 2021
L215 "E_r_anslates to 15 Feb 2021

\l a*

Chk

60k purchased through 8ONSSC21P0774 contract with Moli

 Awarded on 13 Jan 2021

« 2 consecutive date codes

Navy buys 20k cells, KULR buys 40k cells

« 2 consecutive date codes to NASA cells

120k cells shipment changed to air cargo through

80ONSSC21P1454 contract with KULR

» Cells have to be repackaged for air cargo limiting boxes to
180 cells (vs 200 capacity)

» Cells arrive at JSC on 1 Apr 2021

ILA performance uniformity contract (80NSSC21P1451) with

PCTEST

« 600-cell random sample package and shipped to PCTEST
and damaged by loose cells in boxes

« 2" 600-cell random sampled shipped with more secure
shipment

NASA and Navy cells will mostly come from Feb 12-13 lots (78,585) with balance of 1415 coming from Feb 14.

The 40k KULR cells will come entirely from Feb 14-15 lots (41,415)



Cell Voltage (V)

Molicel INR18650-M35A Cell Discharge Temperature Testing SRI Data
Typical Profiles From 3 Cells Tested; Charge and Discharge at Specified Temp.
Testing at 25, 10, 0, -10, and -20°C; Charge @ 0.35A to 4.20V, 4.20V to 50mA
Discharge @0.35A to 2.5V at 10°C and above,
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#06T05 25deg voltage
= = =#06T05 25deg temp

#06T05 10deg voltage
— = =#06T05 10deg temp
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= = = #06T05 0deg temp

#06TO5 -10deg voltage
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10

Datasheet conditions

All charging at 23°C and
C/2 to 4.2V to 100mA
Discharge cut-off at 1.5V
for runs below 23°C
-20°C discharge yields
2.8Ah to 2.0V cut-off pt

Our test conditions

[

[

All charging/discharging at

same temperature and C/10

-20°C discharge cut-off at

2.0V yields 2.8Ah, 9.67 Wh
« 214 Wh/kg
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High Power Cell Designs

Capacity LG Molicel Murata Samsung
~3.0Ah INR18650 HG2 INR18650-P28A US18650 VTC6 INR18650-30Q
~2.5Ah INR18650 HE4 INR18650A US18650 VTC5A INR18650-25S
~2.0Ah | INR18650 HD2C IHR18650C US18650 VTC4 INR18650-20S

e 3.0Ah cell designs rated for 15-20A max continuous
« 2.5Ah cell designs rated for 20A max continuous
« 2.0Ah cell designs rated for 20A max continuous with less heat

LGk HE= 1 S THR12E50~
s Sodod wo s bd e L SAMSLNG

ji §= e ——— .
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Heat generation different cells at 9.6A

Heat generation rates for different cells GA>30Q>258>P28A>P288 N

 ponaconic GA | waste heat generation at 3.0C
T Samsung 30Q | (GA) to 4C (25S) discharge rates
4.5 |~ Molicel P28A
Molicel P28B
§ all— Samsung 25S
< P28B
3 35) Double
o Positive
- ol Tab
Oo 2.5
2—/\
1.5-/ Molicel INR18650-P28B
(I) Ol.l 0|.2 OI.3 0|.4 OI.S 016 0|.7 0|.8 0|.9 i
Ralph White & Associates Data DoD (-)

Only the P28B meets < 6% NASA Reqt



Selected High Power Cell Designs

Samsung INR18650-30Q

* Previous heritage
— X-57 Electric Airplane
— Safe high power battery demo

« At 3C and room temperature
— 2483 W/kg, 206.9 Wh/kg
— 6340 WI/L, 528.1 Wh/L
— 12.4 mohm ACR =
— 26.2 mohm DCR a "
— 8.3% average waste heat §§
« 60k lot (Mar 2021) delivered i
June to JSC

1 7 SRR W i

-m\\\.mm\

W\ & 31:\-3 ma AT

Moli INR18650-P28B

* No previous heritage

« Not mass produced due to 2"
cathode tab

« At 3C and room temperature
— 2528 W/kg, 202.3 Wh/kg
— 6376 W/kg, 510.3 Wh/L
— 9.2 mohm ACR
— 22.3 mohm DCR
— 5.5% waste heat

« 60k lot (Aug 2021) delivered in
Oct to JSC

L INR-18650-P28R
+ MOLICEL 104 20820 08

[rP-1 K



SAMSUNG 30Q Detalls

NASA contract 80JSC021P0024 with KULR Technologies
» Awarded in Apr 2021

* 60,000 cells delivered on 21 Jun 2021 to JSC
 NASA completed Receiving Inspection per EP-WI-035
« PCTEST completes sections 3.0 per EP-WI-036A

» 300 cell random sample for ILA complete
« LAT on-going

Qty 60,000
'Q-J_ _— - I‘: : ;“,,‘, v' ‘
E%%‘:’ .‘&ﬂ? 'bl. N E'L"é\‘ut .
THRARESN-Z0E

SAMSUMG SO
&' 150 LFaT

* Cell Batch Date code translates to Wk

« 2019 Batch Translation Information below 10 March 2021
Batch No. Information eh m e SAMSUNG SDI
Model INR18650-30Q Capacity | 3000 mAh
P Batch Nd RRLA30Q39C03 | A36 3 | Rank | A B
JR ;::r:ii;:iuci::l:rz:i:ll*Prismatic) Q'ty 200 PCS Date 2021/03/22
s Remark | SOC 30% / Made In China

= ST T J}




Moli INR-18650-P28B

60k purchased through 80JSC021P0019 contract with Moli
 Awarded on 17 Feb 2021
« 3 consecutive date codes (8/18, 8/19, 8/20)
60k cells shipment changed to air cargo through
8ONSSC21P2711 Mod P0O0001 contract with Moli
B8 INR-18650-P28R » Cells have to be repackaged for air cargo limiting boxes to
waw: + MOLICEL 104 21820 08 : 180 cells (vs 200 capacity)
' » Cells arrive at JSC on 8 Oct 2021 on multiple
ILA performance uniformity contract (8O0NSSC21P1854) with
PCTEST
« Samples currently under test

Datecode |Cell Qty Per Datecode
Datecodes

1818 18,959
phflsiest 15,399
L820 translates to 20 Aug 2021 _820 25'642




NASA-NAVSEA Process Flow Chart

Initial Lot Assessment
sample size consistent
with 90% confidence level
with 5% margin of error

Cell Design Surveillance
~10 cell designs/yr

Basic performance verification

-

16

Deeper Dive into best 5
designs

v

Longer cycling & special performance,
TR calorimetry, ISC trigger cells,
Audit production line

Buy large cell lot

v

Receiving Inspection

w/ traceability to manufacturer

v

Initial Lot Assessment
N 2 270 or 0.5% of lot

Fail

4

!

Fail (
L

Fail

Reject
Lot or
Cells

Screen Cells ) Cell Screening (Flight) 1 Eail
EP-WI-037 EP-WI-037
n~2000 ) > 1yr after BOD J
b £
l l l Reject
Lot or
LOé?f/\?Fg;%lce EDU Batts Qualification & Flight Cells
-n~2_11 n~1200 Batteries v

-




Initial Lot Assessment (ILA)

EP-WI-036 Specification for Initial Lot Assessment of Commercial Lithium-ion Cells Lots

« Determine if cell lot is worthy before proceeding with an expensive lot acceptance testing
Quick & less expensive

» Expected performance in accordance with cell surveillance results
» Acceptable lot uniformity of performance, particularly charge retention
» Acceptable quality of manufacture {

Verifies if cell Lot operates as in
previous designs

* Propensity to sidewall rupture during TR

Capacity Cycling, C/20 Rate
with dQ/dV, 3-10 cells

Assess manufacture performance and quality

N ’------.-----‘---
Random Sample: 270 cells or 4{ Visual Inspection [ Destructive Testing }
0.5%, whichever is greater / I, Computed Tomography (CT)
270, [ I 5 cells :
[ l ) Mass : Destructi\t Physical I
Open-Circuit Voltage (OCV) - I g : Analysis (DgA) :
\ v a ] ] N + I
r _ l \ Dimensional : [ Side Wall Rupture |} 1
Self-Discharge Rate (SDR) - I g 1  Characterization :
‘ | J " Capacity Cycling, C-Rate | RS A
" Closed Circuit Voltage | ___with DC Resistance 1
L (CCV) ) - | _
[ Report with Data and
‘ot Report
( ) Statistics. . P
AC Impedance | May reject, but not accept! | May reject, but not accept




OCV Comparison of High Energy Cells

18

3.5070

=13.5060

0 200

400
Cell Number
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3.5760
__3.5750
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%3.5730
£ 35720
> 3.5710
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c 3.5690
S 3.5680
O 35670

3.5660
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100 150 200

Cell Number

250 300 350

M35A

Both cells sampled at 3-4 months after their date code

M36

M35A OCV

M36 OCV

Parameter

60 Range (% of mean)

0.14

0.21




OCV Comparison

RS M35A OCV M36 OCV
[Vi [Vl
Average [X] 3.5038 3.5711
st.dev [O] 0.0008 0.0013
st.dev (%) 0.02 0.04
Min 3.5011 3.568
Max 3.5064 3.575
Range 0.005 0.007
Range (%) 0.15 0.20
X-30 3.5012 3.567
X+30 3.5063 3.575
60 Range 0.0051 0.0076
60 Range (%) 0.14 0.21
Low Rejects 2 0
High Rejects 2 0
Total Rejects 4 0
Count 569 342
Total Rejects (%) 0.70 0.00

19

M35A: 27 outliers
removed after 2 scrubs

M36: 8 outliers removed
after 2 scrubs

Both cells sampled at 3-4
months after their date code



Samsung 30Q - As received OCV — 290 cells

3.464
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6 outliers
88, 169, 196,
203, 254, 262
OoCVv
Parameter
vl
Average [X] 3.4578
st.dev [o] 0.0014
st.dev (%) 0.04
Min 3.449
Max 3.459
Range 0.010
Range (%) 0.29
X-30 3.454
X+30 3.462
60 Range 0.0082
60 Range (%) 0.24
Low Rejects 6
High Rejects 0
Total Rejects 6
Count 290
Total Rejects (%) 2.07

0 50 100 150 200 250
Cell Number




Samsung 30Q OCV — 4% Scrub

100 150 200
Cell Number

21

O outliers
OoCVv
Parameter
vl
Average [X] 3.4580
st.dev [o] 0.0006
st.dev (%) 0.02
Min 3.456
Max 3.459
Range 0.003
Range (%) 0.08
X-3o0 3.456
X+30 3.460
60 Range 0.0035
60 Range (%) 0.10
Low Rejects 0
High Rejects 0
Total Rejects 0
Count 272
Total Rejects (%) 0.00

After removing 18 low
rejects, tightest 606%




Radial CT Comparison — High Energy

Middle-Top grid coordinate system

19 winds Moli M35A




LG INR18650-M36 - Cell Can Wall Thickness

LG_319_Top grid coordinate system
Right 1
9.55 mm

LG_319_Top grid coordinate system
Right 1 I
9554.12 pm Resolution : Vg

289 micrg

Distance 3: 289.23 ym

246.11 micr

Distance 2: 25.11 um

253 x 12.53 x 12.53 microns

LG_319_Top grid coordinate syste
Top 1 |
509mm =

406 v[afl SR

LG_319_Top grid coordinate syste
Front 1 |
0.38 mm

Ad Distance 1: 18.29 mm




Molicel INR18650-M35A - Cell 1

.h‘-C!: 1. ’: 1 T an and annrdinAataYcvictAam
Front 1
9704 77 ym

245.6 mic

Distance 4: 24555 ym

R@&sol@tion : Vaxel Size'12.45 x'12.45 x 12.45 micro

Moli_111_Top grid coordinate system
Top 1
127 e

Distance 1: 18122.70 um

1025 pily

Moli_111_Top grid coordinate system
Right 1

690.97 pm

Distance 4: 245 .55 um
Distance 3: 153.39 ym

Distance 1: 18122.70 pym




LG 1 M36 - Axial View - H [ - Cell

Header button Button vent

Can crimp

Gasket ses

Spin groov

Thinning
of can
wall

KO Tanera] Can wall thickness 0.0098” (250 microns)

Note the single crimped header design with burst pressure ~800 psia (~54 atm)



Molicel INR18650-M35A Axial View

Scored burst disc

/\+

Thinnin
of can
wall

I HW:”‘

i
I
Hia

Can wall thickness 0.0063” (160 microns) NG I\/IaTndreI

Note the single crimped header design with burst pressure ~867 psia (~59 atm)
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3.0
Random Sample

29

Flow Chart for EP-WI-033A n =208
Li-ion Cell Lot Acceptance Testing 4
Portions done at JSC
Sample yes : .3'1’ S :
Shipped — Recelvmg Inspection
2 Capacity Cycle 14.0
n =208 Archive
e I n=12
v v t v ¥
13.0 7.0 4.0 10.0 11.0
Life Seal Integrity Capacity Performance Calorimetry Electrical Abuse
n=80 l n=10 n 227 n=10 n =48
|
9.0 e 2 | ¥ 4
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v TR Calorimetry
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LG Chem M36 — Charge/Discharge Heat Conduction Calorimetry
SN

and Heat Capacity Measurements
LABORATORY

« Monitored heat flux during 3 “standard” cycles

« 1A(0.3C)chargeto 4.2V, 4.2V hold until | < C/67 (0.05 A) Heat capacity [J/gK]
« C/5(0.67 A) dischargeto 2.5V
« Average heat generation 26 (25°C) 0.921 0.923 0918
« Charge at 1A estimated at 100 mW (or 2.7%) 27(25°C) 0.910 0.909 0.908
« Discharge at 0.67A estimated at 70 mW (or 2.8%)
Cell #26 Cell #27
4.25 1 = — —= L 250 4.25 7 - 250
wl [ [\ wol O
15 ] ,/ \ (/ \ (/ \ (25 sl / \ /I \\ S
> 3.50 1 i \\ i \-\ I' \\ 150 g > 3.50 'I \ / \ ! \ 150 g
glﬁ" \| L ! 1m% §3% ! \! \! \ 1%%
00 , , .3 o0 ,' , —,, §
- 50 I
2.75 2.75
2.50 A 0 2.50 A 0
0 _"l) 1IO 1I5 2I0 2I5 3I0 35 0 5 1|0 1|5 2|0 2|5 3|0 3I5
Time [h]

Time [h]



5 3.50

M36 LG Chem PCTEST Data

e Sample 61 Pre » Sample 61 Post ® Sample 62 Pre «+ Sample 62 Post ® Sample 63 Pre ¢« Sample 63 Post
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2.50
5 10 15 20 25 30 35 40 45 50 55 60 ©5 70 75 80 85 90 95 100

%S0C

Flgure 2232- Capaclty vs Voltage at each 5% DoD



PCTEST Data

M35A Molicel

® Sample 28 Pre » Sample 28 Post ® Sample 29 Pre « Sample 29 Post ® Sample 30 Pre « Sample 30 Post

430

410
3.90

3.70

—_—

5 3.50

3.30

3.10

290

270

250 »
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

%S0OC

Figure 2.2.3.2 — Capacity vs Voltage at each 5% Depth of Dlscharge.

e e I e M R L T T A S TR

A e AN S LS T e B T e



LG M36 Cycle Life

33

Capacity (A-h)

High Energy 18650 Li-lon Cell Characterization Testing
Cycle Life, Discharge Capacity and Cell Imbalance Trends; 8S Strings
Charge: 1.13A to 33.6V, 33.6V to 50mA; 10 min rest

Discharge: 1.13A to 20V or 2.5V any cell; 30 min rest; all at room temp (25°C)

SRI Data

3.50 = 0.80
3.40 = 0.70
—_ 6% degradation |
3.20 —_— 0.50
3.10 0.40
1% |increase. }
300 &-x—x-"""""’“""”“"‘-x' K5 o4 KT B KT T W e e R e 1 030
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Capacity (A-h)

3.10

3.00
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2.20

2.10

High Power 18650 Li-lon Cell Characterization Testing

Cycle Life, Discharge Capacity and Cell Imbalance Trends; 8S Strings

Charge: 1C to 33.6V, 33.6V to 50mA; 30 min rest

Discharge: 1C to 20V or 2.5V any cell; 1 hr rest; all at room temp (25°C)

SRI Data
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«
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Cell Imbalance is shown at the end of charge (EOC) and end of
discharge (EOD). The amount of imbalance is expressed as the cell
voltage range, which is the voltage difference between the highest
and the lowest voltage cells in the string.
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Overcharge

Cells are overcharged in 4 different conditions based on temperature and C-Rate
until CID activation, thermal runaway, or 100% overcharge capacity of nameplate
capacity is achieved

Pass/Fail criteria is that there is no flame, fire, explosion, or violent (releasing
shrapnel) rupture

Voltage/Current/Temperature Vs. Time

(04]
T

Voltage (V)
Current (A)
Temperature (C)

M36 Cell being overcharged
at a High C-Rate (1.7 A) and

High Temp (45 °C)

This cell reached ~4.7 V, 69 °C before
the CID was triggered

15 20 25 30
Time (mins)

10

K" v
i

Ceramic Fiber Insulation

35 i

35

o

ng/Cooling Platé ' &

Cell Low C-Rate | High C-Rate (A)
(A)
M35A | C/7(0.5) C/2(1.7
1 M36 C/7 (0.5) C/2(1.7)
| 30Q C/3 (1) 2C (6)
P28B C/3 (1) 2C (6)
Cell Low Temp High Temp
(°C) (°C)
M35A | 0 45
M36 0 45
| 30Q 0 60
P28B 0 60




Short Circuit

« At worst case hot and cold temperatures, cells are loaded with an appropriately sized
resistor to pull a low (3C), medium low (4C), medium (5C), and high (10C) current

- Pass/Fail criteria is that there is no flame, fire, explosion, or violent (releasing shrapnel)

rupture
Voltage/Current/Temperature Vs. Time Cell | Low | Medium | Medium | High
25 T . T . . C- Low C- C-Rate C-
R Voltage (V) Rate | Rate (A) | (A) Rate
e,
i Current (A) (A) (A)
20 L MMW’“"J””*"WWM%WWM Temperature (C) 3C 4C 5C 10C
T M35 | 9 2 15 25
A%.
~ M36 Cell being shorted _ 3 " <
‘g 15 at a High C-Rate (~25 A) and 1;336 19,, lg ,1}5 i[}
E=1 High Temp (45 °C) 30Q = = -
) P28 12 16 20 30
S 10 - B
o Cell Low High Temp
I Temp | (°C)
S 50 (°C)
— - . M35A RT 45
25)
Q ¥ R T T M36 RT 45
25)
30Q RT 60
_5 | | 1 | | | (2 5)
0 2 4 6 8 10 12 14 P23B RT 50
Time (mins) (25)




Cell is Cell Vent Pressure

tabbed on
the positive
button and

can wall M36 SN108 Vent Pressure

350
300
250
200

150

Pressure(Psi)

100

50

0 50 100 150 200 250 300 350 400 450
-50

Time(Seconds)

M36 SN108 Voltage

1 —————————
.
.

L=}
Ln
=2

100 150

Time(Seconds)

Cell is pressurized
until it vents

Pass/Fail criteria is
for average vent
pressure to
average burst
pressure ratio to
be greater than
1:1.5
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Cell Burst Pressure

« Cell vent is sealed shut using epoxy then the cell is pressurized until the crimp seal of the cell bursts
» Pass/Fail criteria is for average vent pressure to average burst pressure ratio to be greater than 1:1.5

M36 SN11A Bust Pressure

500
800
700
600
500

400

Pressure (Psi)

300
200

100

0 100 200 300 400 500 600 700 800 500 1000

Time (seconds)



ILA
« Uniformity
« CT/DPA

LAT Performance

« Cycle life

* Environmental

« Seal integrity

« Heat conduction calorimetry
« Calendar life

LAT Abuse

« Overcharge

« Short circuit

« Fractional TR calorimetry
« Vent & burst pressure

LAT CT/DPA
SWR

Testing Status

Done
Done

Done
Done
TBD
Done
On-going

Done
Done
Done
Done

TBD
Done

Done
Done

On-going
Done
TBD
Done
On-going

Done
Done
Done
Done

TBD
Done
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TBD = To be done

Done
On-going

Done
Done
TBD
TBD
Jun 2022

On-going
On-going
On-going
TBD
TBD

TBD

On-going
On-going

TBD
TBD
TBD
TBD
Jun 2022

TBD
TBD
TBD
TBD

TBD
TBD

Looking to issue LAT reports for the 2 high energy cells by Christmas and 2 high power cells by Mar 2022



Reserve Team (so far)

NAVSEA — Developing partner for all processes
Buying cells
— ADS, PCTEST, LG Chem

— E-one Moli Energy
— KULR, De-Leon Energy, SDI

Buying ISC device implanted cells - KULR

ILA — PCTEST, Ralph White & Associates, JSC
LAT — PCTEST, SRI, NRL, JSC

Storage - JSC

Screening — Energy Assurance
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Summary

 COTS Li-ion Cylindrical Cell Strategic Reserve
Reduces Risks NASA & NAVSEA Projects

— Four 18650 lots bought in large gty with chain of custody
evidence to cell manufacturer
« Two high energy designs
« Two high power designs
— Processed through standardized work instructions
» Receiving inspection (EP-WI-035)
* Initial Lot Assessments (EP-WI-36A)
- Cell CT/DPA (EP-WI-034)
» Side Wall Rupture Characterization (EP-WI-038)
» Cell Lot Acceptance Testing (EP-WI-033A)
« Cell Screening (EP-WI-037)
— Provide projects with screened cells from certified lots

» Address availability, quality, and safety risks that are currently
exacerbated by world-wide cell shortages

« Contact me at eric.c.darcy@nasa.gov




