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Presentation Notes
Good morning (or afternoon).  I’m Leon Adams, of Southwest Electronic Energy Group or SWE.  Today I’ll be presenting applications & technical details of an exciting breakthrough Li-Ion battery technology developed by SWE for underwater Oil and Gas applications including ROVs and deep sea oil and gas infrastructure. The presentation will consist of the following:
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COPYRIGHT USAGE GUIDELINES :
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THESE COPYRIGHT USAGE GUIDELINES (“the Guidelines”) apply to the use by (“You” or “Company”) of copyrighted materials of Southwest Electronic Energy
Group (“SWE”), specifically the presentation titled [Lithium Battery Pack Safety] (the “Materials”). A copy of the Materials is attached.

By using the Materials, Company signifies its acceptance of and agreement to follow the Guidelines.

1. Permitted Uses. SWE grants Company non-exclusive, non-transferable, revocable, limited permission to use the Materials solely for Company’s internal, noncommercial use.
SWE’s authorization includes the right to copy, edit, modify and make derivative works from the Materials, provided that use of the Materials remains internal to Company and
follows the Guidelines. You may not republish or distribute the Materials, or any portion, outside of Company or its affiliated companies. Copyright in the Materials remains with
SWE, and nothing in the Guidelines shall be construed to confer any rights to Company in the Materials other than as specifically stated.

You may not use the Materials in any manner that may give a false or misleading impression or statement, or misrepresent your relationship with SWE. The Materials may not be
used in a manner that implies or suggests that SWE approves or endorses Company or Your goods and services (in all cases, except as SWE may have agreed separately with You in
writing), or otherwise certifies the Materials for use.

2. References to SWE. If Company uses the complete, unaltered Materials as provided by SWE, You should include the copyright notices, trademarks, and names of SWE as may
appear in the Materials. In the event that You make any modifications to the Materials or use only a portion of the Materials, You must remove any and all references to SWE
contained in the revised or partial Materials, including the SWE trademarks (e.g., logo) name, and copyright notice.

The Guidelines do not authorize You to use SWE’s copyrights, trademarks and/or logos in any manner other than as specifically permitted in the Guidelines. Any use of the
Materials not expressly permitted by the Guidelines may violate copyright, trademark, and other laws.

3. NO WARRANTY. THE MATERIALS ARE PROVIDED "AS IS," AND SWE MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND, EXPRESS OR IMPLIED, WITH RESPECT TO THE
MATERIALS OR THEIR CONTENTS. SWE DISCLAIMS ALL REPRESENTATIONS AND WARRANTIES OF ANY KIND, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND NON-INFRINGEMENT. Without limitation, SWE makes no representations or warranties about the following:

a. The accuracy, reliability, completeness, currentness, or timeliness of the Materials. SWE makes no claims, promises or guarantees about the information contained in the
Materials. SWE has no obligation to update the Materials or any content contained therein. THE MATERIALS ARE NOT A CERTIFIED TRAINING PROGRAM AND ARE PROVIDED FOR
INFORMATIONAL PURPOSES ONLY.

b. The accuracy or reliability of the Materials with respect to compliance with any government regulations, rules or laws.

4. LIMITATION OF LIABILITY. Neither SWE nor any of its officers, directors, employees, or other representatives will be liable for any damages, special, consequential or otherwise,
arising out of or in connection with the use of or reliance on the Materials or any information contained therein.. This limitation of liability is comprehensive and applies to all
damages of any kind, including, without limitation, loss of data, income or profit, loss of or damage to property, wrongful death/personal injury, and claims of third parties. SWE, its
officers, directors, employees, or other representatives are not liable for any personal injury, including death, caused by Your use of or reliance on the Materials or information
contained therein.

5. Miscellaneous. If you do not follow the Guidelines, your permission to use the Materials automatically terminates and you must immediately cease use of the Materials. SWE
reserves the right to revise, update, or cease use or distribution of the Materials or the Guidelines at any time. This is the entire understanding between You and SWE about the
Materials. The warranty and limitation of liability set forth in the Guidelines shall continue in full force and effect even after permission to use the Materials has terminated or if the
Guidelines are no longer in effect.
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Subsea Battery Requirements

ADD

Deep-Sea Oil & Gas
Work Over Controls,
Chokes, MWCS

Need

Electronic control
Electrical drives

Primary and/or back-up
More precision, feedback
Long life sensors/monitors

MUVSs

(Manned Underwater Vehicles)

ROVs

(Remotely Operated
Underwater Vehicles -

Hybrid & Data-tethered)

(Autonomous Underwater
Vehicles)

AUVs e

Safe operation

Deeper dives

Longer observation times
Lighter weight

Electric powered motors,
manipulators

High Voltage, High Power
Light weight, Pressure

Longer survey runs
Deeper dives
Lighter weight

SOUTHWEST ELECTRONIC EMNERGEY GROUP

Advanced Battery Solutions

Subsea needs
batteries with:

» Safety first

More capacity

Higher Power

Smaller size
Less Weight
Longer life
High Reliability
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Presentation Notes
These benefits provide a superior solution for subsea applications.  For example:  Longer life for deep sea oil and gas infrastructure.  Safer, longer lasting missions for MUVs.  Lighter weight for ROVs.  Deeper dives for AUVs.  Just to name a few.  


Hybrid Tethering

e
J B

Light-Fiber Tether Free-Space Optical

Fractically usllrited bardsidih Thraugh-water cptics

walth 30 kem Forental standall, foimmunicationg &l fafis up e
1000 eatai fer cor=plite
Irascdain B i@ L thaes

woods Hole Oceanographic Institution

-y

Small Footprint Tether

Liaht eemeastional sathar (CTD
wilon | capable of Brickle-chasging
walth srdnlnal er-boad
TR




What

Nereid HT

Hyvbnd Light Werk class ROV

3 modes of operation (tether)

Ea-Usable tether - 322 mch dia with f-
tether

Immersive 1magms

Ee-chargeable Lithium Ion
Mampulation and Samplmg (7 DOF master/
slave)

2500 meters depth (extends to 5,000m)

When

At Sea test March “14 (New Zealand)

Successful deme of OV ops from noo-DP
platform with small winch

Uncoverad issues with lifting tether requiring a
Tevision, presently in work

Second tral awaiting approval and schedule
Commercial parmeripg/licensing with WHOI of
impersst?
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~ WHOI Nereid Under Ice
Light-Tethered ROV : Innovation

Conventional ROVs

Advanced Battery Solutions

Capability

Manipulation

Multi-Node
I i AUV
nspection S

Autosub

o "',"
| [ J

Mapping/Survey

“~_

Glid
100m  1km 10km 100 km \ e

Horizontal Range from Launch Point =~
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WHOI Nereid Under Ice Advanced Battery Solutions
Light-Tethered ROV : Innovation

Conventionally Tethered ROV Operations Light-Tethered Nereid UI Operations from
from Icebreaker in Permanent Moving Ice Icebreaker In Permanent Moving Ice

Mmge‘ lcebreaker Constrained to
Present vehmlas ROV&am Move with Moving Ice Pack
constrained by their tethers during Solution:

R S et o il i — T N * Recent advances in ROV~
+ Tethers vulnerable to ice damage i : . ' tethering technologies now
enable real-time control
“over extende& distmces

¥ Light Fiber-Optic Tether

Nereid Ul Footprint of

Operations: Large (~20 km) and
/ Decoupled From Ship

/ Depressor/Garage
Conventional ROV ROV\-Footprint of Operations: Small :
\. /{ 500 m) Undér Ship, Moving with lce ik

Conventional Arctic ROV Light-Tethered Arctic ROV
ROV Footprint of Operations « ROV Footprint of Operations

« Small (~500 m) « Large (~20,000 m) 40X Range

 Under Ship moving with ice e Decoupled from Ship moving with ice
« Power Source « Power Source

e Tether Umbilical e Onboard SWE SeaSafe Batteries



WHOI Battery Requirement

Safe, Reliable Operation
2000 m depth

~ 88 volts

<< 40 Amps Continuous
100 recharge cycles

-20C to +50C temperature
range

> 15 kWh in 36” x 24” x 12“
12.hours recharge time

Protection and balancing
internal

Diagnosticinformation logged
externally

e ——— =
~ 5 m E
SOUTHWEST ELECTRONIC EMNERGEY GROUP
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SWE SeaSafe Li lon Delivers

BMS for Safety, Reliability
<= 6000 m depth

29V X 3S = 87V nom, 96Vmax
40 Amps Continuous
1000+ recharge cycles

-40C to + 85C discharge
temperature range

22 kWh in<=36" x 24” x 12"
3S x 9P @ 90% SOC

< 12 hours recharge time

SWE BMS: Internalprotection
and balancing

SWE BMS: RS485 Modbus access
to battery status on demand, log
external
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Battery Capacity = Watt Hours q
or Amp Hours @ Voltage

High

Watts
Volts [ER Nereid Ul

Amps ~ 88 Volts, <40 Amps
~ 15 kWh

Low

Short Hours Long



Pressure Tolerant Lithium lon Polymer
Ideal for Subsea (vs Lead Acid)

4X More Energy Density

LilonF

100

= /2 \Weight or Y4 Size
Wh/kg ~ 180
Wh/L ~ 300

Wh/kg ~ 40

Wh/L ~7O

6X Superior Low Temp Operation

SLA

—
-

Q
® [ 1
%‘BD — =g:
g Li lon |3V
Q 60 -1
S gl Lilon 6X Performance over
@40 SLA/AGM SLA at Seabed Temperature
=2
2 - e
1.5X X 4X =~
©
Q ™~

\ 6X @0 C

-10 0 25 40 55

Source: Dow Kokam (Lilon PolymerCell) Temperature °C
PowerSonic (SLAJAGM)

SWE Li ION
8X Longer Cycle Life

(‘vrlpq ~ 4800

8X .
es ~ 6000

Cyc

L

Breakthrough Safety/Intelligence

SLA | SWE BMS

Outgas During Charge Yes | v No

Smart/Auto Battery No v Yes
Management

Health/Status Reporting| No v Yes

Durability No v Yes

Advanced Battery Solutions
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SWE Lithium-Ion performance delivers longer life and longer missions than lead acid batteries.   THIS  IS  THE DRIVING REASON FOR CHANGE.
 Four times more energy.  MORE ENERGY  INHERENTLY  IMPLIES  GREATER NEED TO CONTAIN & CONTROL THIS  ENERGY.
 This increases to six times more available energy at colder temperatures typical of the seabed because of Li-Ion’s superior cold performance.  
  SWE Li Ion also delivers 8X long cycle life.   
SWE Lithium-Ion is, or should be, inherently safer and more reliable than sealed lead acid batteries:
 Lithium-Ion doesn’t outgas during charge.  SLA does.                      
 SWE incorporates smart, automatic battery management in each battery module that’s constantly watching.   SLA doesn’t. 
 We provide health and status reporting.  Most SLA batteries leave you guessing. 
 Though Li-Ion is inherently a more delicate chemistry than SLA, adding the required BMS actually makes it more durable because damaging conditions are prevented from happening.
HOWEVER, BECAUSE OF SOME BAD SAFETY INCIDENTS DURING THE DEVELOPMENT LEARNING CYCLE FOR LI-ION SUBSEA BATTERIES A SAFETY & RELIABILITY BREAKTHROUGH IS NECESSARY IF LI-ION IS TO BE ACCEPTED SUBSEA.
SWE HAS ACHIEVED THAT SAFETY & RELIABILITY BREAKTHROUGH ! 
Before discussing how we achieved the Safety & Reliability breakthrough, I would like to describe all the battery performance requirements of the WHOI Under Ice Arctic ROV.
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Easy to Integrate Smart Lilon Battery Modules q

SMART MODULE SPECS

Pressure Tolerant Smart Modules
6000 Meters Depth 29V 24V

Cells in series

Dimensions (in)

Weight (lbs) Total Module (air)

Total Module (sea)
Voltage (V) min

nom

max

Current (A) Max Dschg (continuous)
Max Dschg (30s pulse)
Max Dschg (1s pulse)

) Power (W) Dschg (nom)

~ Smart Module Capacity Ah
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SWE provides 2 different voltage autonomous modules, 29V and 24V.
The specifications for each are shown in this table.  
 
Module dimensions:  9.4 inches by 3.2 inches by 9.3 inches.
Weight is 20 pounds in air and 9.7 pounds subsea. 
Min/max voltages for the 29 volt module range from 24 to 32 volts.
Min/max voltages for the 24 volt module range from 21 to 28 volts.�The maximum continuous discharge current is 40 amps, 75 amps for a pulse current up to 30 seconds duration, and 90 amps for a pulse current up to one second.  
The configurable storage capacity of 28 Ah assumes a default charge control setting of 90% SOC

Each 29 volt module delivers 1.2 kilowatts of power with a capacity of 28 amp-hours or 812 watt-hours assuming 90% State of Charge.  
 
Each 24 volt module delivers one kilowatt of power with a capacity of 28 amp-hours or 711 watt hours assuming 90% State of Charge.
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Smart Battery MOdUle BOM _ Internal Advanced Battery Solutions

SMART MODULE TECHNICAL DETAILS e
Safety built into the electrical and
physical construction of the module:

e 7 or 8 ea, 3.6v Lithium lon 31 Ah Lithium Polymer Cells
connected in series

« Safe, Autonomous Battery Management System (BMS)
« Power Booster Boards

» Potting Material: Thermally conductive, flame retardant,

o Shock & Vibration resistant polyurethane
: _  Fiberglass box
BMS

Pewer it
Boosters| |+

 Integrated Internal Safety Fuses as backup to BMS

» Charge/Discharge Connector:
2 pin Anderson SB50
¢ Comm Connector: 8 pin Molex



Presenter
Presentation Notes
Internally the Smart Autonomous Li-Ion Battery Module consists of:
  7 or 8 Li Polymer cells connected in series.
  An autonomous BMS board w/9 Amp continuous current capability.
 Power booster boards w/18 Amp continuous current capability each.
 Bypass switch to prevent interruption of a string’s charge or discharge current
 60A fusing distributed among the boards
 External high current chg/dsg connection is provided
 A Modbus communication connection is provided for status.  It is not required for autonomous module safety response.
The autonomous battery module is potted providing significant additional physical safety capabilities.  The potting material used is thermally conductive to dissipate heat in a controlled manner reducing the likelihood of a cell to cell thermal run away chain reaction; it provides robustness against shock and vibration damage; it provides isolation from internal cell leakage and external water intrusion; and its low strength prevents high pressure build-up in the cell resulting from excessive internal or external heat.  The potting’s flame retardant additives prevent support of a fire in an oxygen atmosphere.
The fiberglass box acts as a container for the potting, a barrier to physical puncture damage, and as a means to contain and thermally isolate cells of one module from cells of another module reducing the likelihood of a module to module thermal runaway chain reaction.
 
Note:  Modules are pressure tolerant to 10,000 psi but must be installed in a pressure compensation case filled with mineral oil.   Modules are not designed to be directly submersed in sea water.  The four module SeaSafe Battery System for Oil & Gas infrastructure is an example of such a case.  Vehicle developers will typically create their own case tailored to their dimensions.  �
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Modular, Distributed BMS Suite of
SAFETY and Reliability Features q

SWE distributed Battery Management System (BMS) builds advanced SAFETY
and reliability features into each autonomous smart module battery

1. Safety features configurable to your mission/application

» Over and under voltage detection/prevention

» Excessive charge & discharge detection/prevention

» Charge temperature protection

» Discharge temperature protection

» Short circuit detection and prevention

» High current pulse discharge allowance yet short circuit cut-off

2. Autonomous control of charge level within each battery module

Three types of balancing (including module inter-cell and inter-module)

> W

Thermal control of all cells and safety shut-off

o

Redundant short circuit fuse protection
6. Load voltage, rate of current, and remaining battery capacity gauging

7. Patented Algorithm to assess State of Health and preventative maintenance
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Our SeaSafe distributed BMS architecture brings a unique suite of safety and reliability features.  This suite prevents unsafe operation, protects modules from damage, and prolongs module life.  The SWE SeaSafe Battery System concept is constructed from Autonomous Battery modules.  There are seven, autonomous breakthrough safety and reliability features contained within each battery module and an 8th System feature for integrating strings of series connected modules:  
Three types of balancing
Patented algorithms to detect internal cell shorts. 
A method to Prevent formation of metal dendrites at the separator
Autonomous control of charge level within each battery module
Thermal control of all cells
Redundant short circuit fuse protection.
Classic Li Ion safety features configurable to your application and mission. 
Over and under voltage detection/prevention
Excessive charge & discharge detection/prevention
Charge temperature protection
Discharge temperature protection 
Short circuit detection and prevention
High current pulse discharge allowance yet short circuit cut-off 


The next few slides will describe each of these features in detail.
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Battery State of Health &
State of Charge Status

Subsea Topside

* Read Post Mission or Run Time
* RS485 Modbus

» Easy to use PC Graphical User Interface
« Or command driven comm

e For Information only. i et e L
* Not needed for battery operation.

SlE = . =
m MODULE ID: 10 CurrentTime: 9/17/20138:40:48 AM  PoligData. (65 v 0o
)
- ] ', -
OBSERVERR: Last Updated: 9/17/2013 8:40:48 am ey
Messages Module Dashboard
2 WOLTMETER STATUS
&
CURRENT
8S1P / \
[+10-f+12 -f+12 -ff+13 - +24 -f+25-f+16 - e 7 ©
o  Amps
TEMP REMAINING CAPACITY
—
0 1|
oz l
Module 5/N: ‘W25629-48-0002 ~-40 /;D 4 69 0/0 5 bl
‘ &J—J 1 1
[ Go to BATTERY SYSTEM i > Ah v
DBSERYER
File path %
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Extensive SeaSafe Testing

Exhaustive functional testing over 6+ years

External direct shorts tests: module automatically
shuts off safely for currents in excess of 90 amps

10+ separate pressure tests over years of testing.

— Shown: SeaSafe 316 stainless steel case with four
SeaSafe battery modules and one Pll being lowered
into the 30 inch hyperbaric chamber at the
Southwest Research Institute

— 18 complete pressure cycles up to 10,000 psi and
back down on a module while performing live
charge and discharge cycles

e 10,000 psi provides for 6000+ meter sea depth

Design of Subsea Equipment standard compliant
(1SO 13628-6:2006) to Battery relevant tests
(shock & vibration)

1ISO9001-2008 Quality Compliant Manufacturing




— _ = SOUTHWEST ELECTRONIC EMNERGEY GROUP

SeaSafe UN DOT Certification

International Shipping Safety Certified - UN Manual of Test and Criteria Section 38.3

Advanced Battery Solutions

RESULT SUMMARY: The tested samples met the test requirements. See below breakout for tests performed.

Specification Section Test Description Results
T1 Altitude Simulation Conforms
12 Thermal Test Conforms
T3 Vibration Conforms
T4 Shock Conforms
15 External Short Circuit Conforms
T7 Qvercharge Conforms

T1 - Altitude Simulation Test T2 - Thermal Test T3 - Vibration Test T4 - Shock Test

Intertek e
ST VERIFICATION OF INFORM|
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Lithium lon Subsea Battery q
Deployed in WHOI Hybrid ROVs

e Pressure Tolerant , Autonomous Smart Module
Batteries w/RS-485 Modbus Com Port

o Std 29V Module w/8 Series, 31Ah Li-Polymer Cells

29.6V:;Shr:n;rt . e
Battery Module » Best Practice Battery Management System Built-in

Internal View

WHOI Pressure
Equalizing
Battery Case

X 3in Series =89V
X 2 in Parallel =56 Ah l
Total = ~5KWh

Per Battery Case
with room for more

29.6 V Smart
Battery Module
External View
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In case you don’t know SWE, we’ve been a quality supplier of battery solutions to the Oil and Gas industry since 1964.  This includes 20 years of ruggedized Lithium battery products and 13 years of Lithium Ion Battery products.  We hold over 10 patents for our Li Ion Battery Management System with more pending.  SWE is headquartered near Houston with over 55,000 square feet of state-of-the-art battery technology R&D and ISO 9001 certified manufacturing.   At SWE our focus is on quality, customer service, and reliability in every facet of our business.
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Battery System

Completed modules #1, #2 installed in nUL
* 10 kW max power with 3 modules

* Design tested to 6000 m

* Monitoring/interface s/w completed

* 18 kWhr total capacity (3 modules)

SWE modules ready for installation




Acoustic
Telemetry:
WHOI
Micromodem

. ‘i:fj\
&‘;y

. =

Vehicle Frame:
Welded Alumin

Flotation:

CMT 2500 meter Doppler Velocity
Logs Two TRDI
300 kHz

Thrusters:
WHOI design
1200 Watts x 8

DSL

Phins 6k In he
Science Sensing:
Kongsberg PTZ with
Battery module DSPL aux. DSPL
(1/3): lighting. Sonars:
SWE modules in Blueview, Reson.
WHOI enclosure Chemical sensing suite

notional.
e

Advanced Battery S

1.8mx1.8§mx3m

olutions
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NUI Summer 2014 Deployments at 83 I
F/V Polarstern PS86-3

Dive Statistics

7/21/2014
7/23/2014
?,’26,’2014

o Four to six dives anticipated
o Attempted five, four resulted in successful separation
o Dives nui003, nui004

O science-focused

o ~4 km under-ice

Woods Hole Oceanographic Institution

Ly, R F.':"'. s

L. AL




————L|||EN

Advanced Battery Solutions

Work Class ROV q
Support Battery Scenario

Electric Motor for Hydraulic Pump
« High Power Surge
« >>100,000 Watts
e Short Duration: Minutes
Volts [SIE « 600++ Volts DC Voltage
Amps gl  Inverted to A/C?
200++ Amps DC Current

Short Hours Long
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Work Class ROV e
Support Battery Scenario

Sensors, Monitors, Meters, etc.
Volts ERE  Very Low Power

Amps EXi  Very Long Duration: Months+
24 \Volts DC Voltage

e <0.1 Amps DC Current

Time

Short Hours Long



SWE named in top 100 of emerging technology
companies by Marine Technology Reporter

SWE Corporate Headquarters
Houston, Texas
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ABOUT SWE

www.swe.Ccom
Since 1964 - Quality supplier to Oil and Gas

20+ years- Ruggedized Lithium battery experience
15+ years - Lithium lon battery experience
e 10+ patents - Li lon Battery Management
300+ customers: Most top Oil & Gas Service, Drilling, and

A-2008
o o

Production Companies .

o
2

paw! W

55,000 sq ft - Battery systems R&D and "1 53660
ISO 9001/2008 certified manufacturing in Houston
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