Lithium-ion Technology for a Submarine Main Battery Kokam

] igenOus submarines, submersibles and
torpedoes of Korea are equipped with
: Lithium-ion Battery

Lithium-ion battery for the
torpedoes are of a unique NANO
technology for the utmost safety
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Preface Kokam

UDT
Lithium-ion for energy and power for submarines 2628 June 201
Type ‘ Lead Acid ‘ AlP ‘ Lithium-ion
Energy O @ o
Power O O ®

Defense sector

7 hours at maximum speed by refit ?




Il Lithium-ion Cells

UDT
Cell types 26-28 June 2018

SEC, Glasgow

Description ‘ Cylindrical Can Prismatic Can Prismatic Pouch Cell vs Battery

60Ah NAVSEA 59310-AQ-5AF-010 Navy Lithium Battery Safety Program
Outer view
Cell
Is interpreted as an individual unit of a LIB consisting ofa ‘
Inner view container, cathode, anode, separator, electrolyte, and :
Battery
Heat@1C Is interpreted as an assembly of electrochemical cells
connected in an appropriate series or paralel asrangement——
. 2 to provide the required operating voltage,
Heat@3C . ' . energy, which is packaged for use, includi
Lk i components, cables, cases, harnesses, ter
markings, and battery management systen
Remarks Lithium-ion Lithium-ion Polymer

Why Pouch for submarines ? Does a pouch burn ?

* Maintenance free — less heat no cooling
* Customizing

e Safety




Il Lithium-ion Cells

UDT

CUStomiZing 26-28 June 2018

SE (,, :,ls,igu..

Choice of strategy;
* Design a submarine with readily available cells? Form factors
* Design a cell to meet submarine use?

Customizing design spiral

Safety Data Sheet

Ca p ac I ty SLPB 75Ah HIGH ENERGY 3
D | SC h a rg | N g SUPERIOR LITHIUM POLYMER BATTERY Kokam

TECHNICAL SPECIFICATION SLPB120255255
W w- .

Costing

SLPB Safety Data Sheet

P rOtOty p I n g Kokam’s patented mkn_\ K‘\xg process produces secion [ Kticaton

cells for applicatio fquire: 11 Product Name Superior Lithium Pol y‘meyww 2)
“é sity(140 - 200Wh/kg) 12 Battery Type Rechargeable m@

I(okam‘) ég’( c‘le”h‘;: o-energy bal 13 Description Lithiun \‘Ma %anese Nickel Oxide
. SQ Tonger battery life 14 Mode s
. \ Low impedance and heat generation for improved safety ‘5
emonstration \COY T e \O

Charging

*  Excel

Temperature

\\) . - 15 Electrochgm g\’(} Negative Electrode - Carbon
(:(\ Electrical Characteristics &e i
e N\’a Positive Electrode - Lithium Cobalt Manganese Nickel Oxide
Tems
(LiMANiCo02)

Advantages of SLPB
Electrolyte - Solution of lithium hexafluorophosphate(LiPFe) in a
mixture of organic solvent Ethylene Carbonate + Ethylmethyl Car-
bonate

Lower Cost/Consistent
Quality/Greater Reliability

Impedance Chemistry

UN TEST REPORT

CERTIFICATE OF COMPLIANCE SUPERIOR LITHIUM POLYMER CELL

Certificate Number ~ 20150810-MH27732 E SLPBHMDSS('!' o

. (\Ce :
Report Reference  MH27732-20100218 \\a :

r// / 2015-August-10 Q
Form factor / / / Heating (Q& ot

N S| GYEONGGI-DO 440- 851
\&\ IGREA APPARATOS A Tithium Secondary Battery
(‘ DESIGNATRON “)™ [ SIPB140460330

RA] \ V 200.0Ah
._/ m,ch Centify that  COMPONENT - LITHIUM BATTERIES =5 \ {N e BT TR XA
Volume Cooling 9.8k oniis b ) v e ¥ O Ml T

MANUFACTURER 19 GAYAGONGDAN-GIL. GAYAGOK-MYEON

. " \ NONSAN-SI. CHUNGCHEONGNAM-DO. KOREA 320-844
Have been investigated by UL in accordance with the DATE OFTESTS 3013 0111~ 2013, 03 08
Standard(s) indicated on this Certificate DATE OF ISSUE 3013 03,08, = =

Standard(s) for Safety: UL 1642 - LITHIUM BATTERIES

:
Weight L|fe cycle e s Gl L VT R —
S a fe ty www.ul.com/database for i manufacturer. based on UN Manual (ST/SG/AC. 10/11/Rev.5/Amend.1)

(Altitude Simulation, Thermal test, Vibration. Shock, External Short Circuit, Crush, Forced
Discharge)



Il Lithium-ion Cells

Cell chemistry — Energy and Safety

Choice of Cathode

Specific energy Specific energy Specific energy R Specific energy
Cost 0] i Specific  Cost Specific Cost 0 Specific Cost Specific
power power X~ power power
Life span Safety Life span Safety Life span Safety Life sparn‘ > Safety
Performance Performance Performance Performance
Lithium titanate LTO C Graphite
oencte GG IS Grp
Specific energy
Cost Specific
Power
_ife span Safety

Performance

Choice of Anode

Which one in the light of energy ?

Specific energy

Performance

A way to secure intrinsic safety ?

Type ‘Cathode‘ Anode ‘ Vaverage ‘ % e LTO
LFP LFP Graphite| 3.2V 86.5% e Solid Electrolyte
NMC  |NMC Graphite| 3.7V | 100.0% ° ?
LTO * LTO 2.2V 59.5%

Specific
power

Safety

Tane
1.05.06

21.
15.07.06
31.07.07
22.0:2.08
J4.02.08
28.11.11
14.12.13
300514

08.16

10.16

UDT

26-28 June 2018
SEC, Glasgow

Which chemistry did they use ?

TVoe Dane Mobdity
* Not known moded 03.09.10 * Boeing 747 400
* lapan * Dubai
« On use In the con * Crashed after explo
ference sion on ak
* Not known moded 111111 * Vot
* USA *USA
* On use * After colision 1est 10
* In the offce side chassis
* Lativude D410 26.0512 *E6
* Singapore * China
* On use * On collision
* At home
* X.Z1 note -A2007 150013 * Boeing 787
* Korea * lpan
* Onuse * Emergency landing
* At home upon fre
* Sercs P10 12.07.13 * Boeing 787
* Korea * UK
* Onuse * Fire before take off
= Al home
* iphone 4 013013 * Model S
* Australia, *USA
* Autonomously In * On collision with metal
the arplane cbject
* iPhone 55 DE.1113 * Model S
- mna ® U_S.k

* after tum on In the
office

* Calxy S5

* el

* on chaging, the
place Nt known

* On penetration of
chasss by 3 metal bar

* Galaxy note 7
* World wide

* iphone 7
* World wide



http://www.google.co.kr/url?sa=i&source=imgres&cd=&cad=rja&uact=8&ved=0CAgQjRxqFQoTCLvKvZ_lt8cCFUIYlAodSr4I5w&url=http://ko.wikipedia.org/wiki/%EB%AF%B8%EA%B5%AD%EC%9D%98_%EA%B5%AD%EA%B8%B0&ei=XNnVVbusLcKw0ATK_KK4Dg&psig=AFQjCNF0GCPbiTjv2shc1ciTH4_V582Ndg&ust=1440164572801450

IIl System Architecture

Kokam 7 Layered System Architecture

Elements

Definition

‘ Example

1 [Cell A physical unit that contains a certain amount of electro-chemical -
energy which cannot be disassembled. S
2 |Unit-cell An electrical configuration consists of two or more Cells connected in

parallel (P).

3 |Sub-module

A physical unit that contains a certain number of Unit-cells connected
in series (S).

4 |Module .. |A physical unit that contains a certain number of Sub-modules in
1B Cell parallel (P). It operates with a Module BMS.
equivalent ‘
5 |String An electrical configuration consists of a certain number of Modules
connected in series to provide the required operating voltage (S)
It operates with a String BMS.
6 |Bank An electrical configuration that contains a number of Strings connected
in parallel to provide the required load current (P).
It operates with the Bank BMS.
7 |System An electrical configuration that contains a number of Banks connected

in parallel to provide the required endurance energy (P).
It works with System BMS.

UDT

26-28 June 2018
SEC, Glasgow



IIl System Architecture
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26-28 June 2018
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Typical layout onboard

Central Control Console

Ship’s main switchboard

How it looks like onboard ?

Weight ballast Q Module Local Control Unit




IV Integrity of Safety

Key Safety Features - Chemistry

Elements ‘

1 |Cell

Safety measures

Ignition Resistive Chemistry

2 |Unit-cell_ _

Cross balancing

=== e
o
3 |Sub-module Tab fusing @Q
xZ
&
Q
4 |Module g |BMS o
5 |String a BMS
\r\ig};; Battery Protection Unit (Fuse, Contactor, Circuit Breaker)
m | [Current limiter, BMS
£
6 |Bank BMS &
DC Control Panel (ACB) o4
&
_'\‘_\0
g
7 |System BMS

lgnition resistive chemistry — Transplanting ?

LFP Specific energy

Life spah- > » Safety

Performance

Specific energy

Life span < Safety
A
Performance

Cathode

Cathode active nLFP coating
material layer 1.7 nm

cccccc

Lithium titanate

(LTO)
Specific energy
Cost Specific
Power
_ife sppn Safety

Performance

UDT’

26-28 June 2018
SEC, Glasgow

Graphite
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Key Safety Features — Proactively operating string controller

Elements ‘ Remarks SCPM

Current limiter

1 |Cell ====u |lgnition Resistive Chemistry
2 |Unit-cell _ _ Cross balancing x Modules -
N
(\JQQ" X M-BMSs Driver
(2
3 |Sub-module Tab fusing @Q
&
N\
e <&
&
4 |Module _ g [BMS &
Current limit
5 |String a -|BMS
\iﬁg}:\ Battery Protection Unit (Fuse, Contactor, Circuit Breaker) Current limiter
I String Control Power Module activated
<
6 |Bank BMS &
74 DC Control Panel (ACB) Q:o‘\’
\ .
Q Decision to
((\QJ-\} current limiting Current recovered
7 |System BMS Switch off current limiter
' Switch over to current limiter

10



V Quantum Leaps in Principle Performance

LBTS - The capability to provide an “at-sea” simulated environment ) ‘
SEC., Glacgow
£0 2 R
\ — —_— L~ —_—|IB10CY =—[IB05CY =—LlIB0.3CV —ILABVY
\ E E —— efficiency 4.0 - //’ -===lBL10CA ====lBOSCA ====LB03CA =----LABA - 1200
0.8 T EEEEEEEE mu
\ o 3.5 - s —— = - 1000
Lead-acid efficiency g ‘\|I
\\i5 % 30 - ) - p 800 <
< E lI\ ) . E
R E"zj— pa I 600 5
'ar'\:?f(\c‘\‘ >° .~ \\\
%ﬁw 2.0 = cC 5"‘\((\ » \\ L 400
a‘(%'\(\% 02 R é\(\o “
0'\5(’\(\ - 1.5 Ad=m——y @) I Y IR O O -1 200
oL JEERREEN|
0.0 "’—‘_"\_—"":h_‘_‘s
bt 1.0 0
0-01’:‘ - 0.1 — 1 10 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i.}"’ Time (Hours)
Energy LAB LIB What will be the advantage if the same space we use for LIB ?
Volume density 1 = 2.9 )
517 kg Weight density 1 ~49 DR * Max speed submerged endurance over X7
3 Capacity ! =2.7 * Cruising speed submarined endurance over X5
& ~ 80 Wh/L = 233 Wh/L

 Max indiscretion ratio over X0.1 (if charging power is enough)

=~ 27 Wh/Kg’ e(\gs»\!wz Wh/Kg

~13.9 kV\é?\e(%ﬂo ~ 38.4 kWh

450




VI Type Testing at Land Based Test Site

UDT’

LBTS, the capability to provide an “at-sea” simulated environment 26-28 June 2018

SEC, Glasgow

Testing according to operating profile at sea with replicated actual
shipborne electrical plant according to the actual installation design

Safe controlling testing of all emergency and contingency tests which
cannot be tried at sea ® @ ce

International Battery Standards

Reference ‘ Compliance (eg)

: : : : _ | -,
Te.stmg of ceIIs_accordlng to mterngtlonal.regulatory standards and International Class Standards R
tailored made in-house abuse testing regime -

US Military Standards 901D, 810G, 740-1/2
Matlab simulation of cells and batteries US NAVSEA Technical Manual S9310-AQ-SAF-010

Temperature
Condition

Load
Profile




VIl Summary

UD

26-28 June 2018

»  LIB technology for oceangoing submarines is now readily available

»  This technology promises quantum leaps in endurance and indiscretion ratio

with the same installation foot print of the existing LAB technology;

« X5-X7 longer spurt
e X2 -X5longer cruise
. - X0.1 shorter indiscretion ratio (depending on charging plant capacity)

»  The intrinsic safety additionally supported by the unique “ignition resistive” NANO coating technology

» Demonstrated state of the art of abuse capability

13
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Kokam Co. Ltd Headquarters

30-78 1220 beongil Gyeongsu-daero Jangan-gu

Suwon-si Gyeonggi-do Republic of Korea zip 16201

Tel +82 31362 0102 Fax +92 31 362 0190 www.kokam.com
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19 Gayagongdan-gil Gayagok-myeon Nonsan-si
Chungcheongnam-do Republic of Korea zip 33020



