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x® 3’7’53@ MUNITION POWER SOURCE NEEDs

— High G survivability from Gun Launch (5 kGs — 140 kGs)
— 20 Year Shelf Life
— Extreme Temperature performance
— - 40 F° to +145F° Operating Temperature
— - 65F°to +165F° Storage Temperatures
— High Power and Energy Density
— High reliability
— Cost effective

Develop affordable munition power supply technologies with increased power and
energy densities, that can satisfy tactical munition requirements.



Y RoEC M1 ECHNOLOGY, DEMONSTRATION AND VAL IDATION (¢

Initial research conducted under several SBIR programs phasel and i

1.Phase | & Il SBIR “ Innovative Conformal Power Sources for Advanced Munitions”

2.Phase | & Il SBIR “Innovative Optical Based Wireless Communications Technology for Smart Munitions
3.Phase | & Il SBIR “Miniature Power Supplies”

4 Phase | & Il SBIR “Inertial Ignition Systems”

5.Phase | & Il SBIR “Miniature Electrical Ignition Systems”

6.Phase | & Il SBIR “Low Cost Improved Thermal Batteries”

7.Phasel & Il SBIR “Thin Film Thermal Batteries”.

Technologies demonstration and validation
»  Supported under ARDEC ATO titled “Fuze and Power for Advanced Munitions”

Additional research development to:
»  Optimize power systems volumetric efficiency
* Heat management optimization for thermal reserve power systems
» Scalability across all munition calibers
* Miniaturization, reliability and identification of materials for low cost
 Transitions to acquisition programs

WARFIGHTER FOCUSED.
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Objective
* Bring a systems approach to the management of power requirements throughout

the mission profile of smart and guided munitions across all caliber ranges.
» Develop technologies that free up lethality volume, by reducing the size of power sources
» Reduce munitions power to a single battery or eliminate battery altogether in some applications.

Approach

* Harvest energy from the vibrational environment of munitions systems

* Optimize the conversion of energy, store in a capacitor medium

 Combine harvested/stored energy with optimized electrochemical stored energy

Payoff for the Army

» Improve reliability, reduce cost, improve safety, temperature performance and producibility.
* Improve scalability of power systems across all munition caliber ranges.

TECHNOLOGY DRIVEN.



HYBRID ENERGY SYSTEMS FOR GUN FIRED MUNITIONS

vV RDEG@ Hybrid Energy
System
Energy Harvesting Energy Storage
Sub-system Sub-system

\ \
Super Electro-Chemical

Optical Carrier Spring Storage ThermoPhotoVoltaic

Harvesting Piezo - Harvester Capacitor Storage

~ /

Power Optimization Subsystem

Power Controller

Combined electrochemical storage with Uses Energy Harvesting with Storage to
Energy Harvesting meet low power requirements
To meet all other power requirements To replace chemical batteries
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CURRENT CHALLENGE

Fast Rise Time Thermal Battery:

» Fastrise time electrochemistry not readily available
« Issueswith OSHA & EPA regulations

» Conventional components are thick and brittle
* Produced as pressed pellets
« Limited geometry- volume not optimized
« Extramassto make handling easier — Slows down heat transfer

» Materials are costly to manufacture
« Expensive production equipment & operating costs
« Laborintensive

» Must survive military environments:
« High G-forces from gun launch
« High spin rate (~250-300 rps)
* Minimum 20 year shelf life
« Temperature range of -65 deg F to 160 deg F.

» Need viable heat source for fast rise time electrochemistry



* Initialize thermal battery
» Inertial activation is preferred
— No preflight power required
— Safety mechanism to make go/no-go decision to activate thermal battery
— Main downfall — size, especially for smaller batteries
— Significant room for improvement
 Difficult to define requirements up front
— Systematic process for requirements definition absent
— Wide variety of munition launch accelerations
« (Generate a design which is flexible
— mass/spring combinations
— setback / setforward
— variety of shapes and alternate configuration
« Low G/ high G designs




A BDE‘:@ INERTIAL IGNITERS FOR THERMAL BATTERIES

(con’t)

Objective
Significantly reduce the volume of the inertial igniters to make them suitable for small thermal
batteries applications.

* Develop inertial igniters suitable for low to very high-G munitions applications.

* Develop inertial igniters that allow easy integration into all thermal battery designs.

Approach
Development of novel miniature mechanical devices that respond to input impulse with
the desired time delay to differentiate firing acceleration profile from accidental events.

* Development of novel single and multi-stage mechanical delay mechanisms that allow for
very high delay times in a very small volumes.

* Development of detailed dynamics models, their validation through realistic testing, and
optimization of the developed designs.

Payoff for the Army

Make inertial igniters available for small thermal batteries to power munitions electronics
across all munitions caliber ranges
« Improve reliability, reduce cost, improve safety.

TECHNOLOGY DRIVEN.



* @ R’]’:‘cﬂ@ INERTIAL IGNITER for THERMAL BATTERIES

(con’t)

Thermal Battery Improvements : Miniature Igniter
— Highly miniaturized thermal batteries will require a novel ignition method.
— Various iterations each in different phases.

50% height reduction
fully test for safety
Baseline test in airgun & firing

hermetically sealed

65% volume reduction
$12.70mm fully test for safety
testinairgun

next generation multi

@19.05mm |— B == @1270mm  gageinitial igniter
29.63mm T
L 12 mm \]/5
16 mm
11.25 mm /.18'50 \1\
@

} Battery and direction of"shock"

Vi —1_ V2 x V3 Va (1 arientation)

TRL7 TRLG6 TRLA4 TRL4 q B

V4 design is greater than 90% less volume than
baseline design — Original White Starter THERMAL BATTERIES

Omnitek Partners.LLC *Improved integration & cost effective

. «Simpler manufacturing process
111 W Main Street, Bayshore,NY 11790 “Increase industrial base

*Increased battery energy density
*Flexible packaging & manufacturing




¥ RDECOM ) \\erriAL IGNITER FOR THERMAL BATTERY (con’t)

SUMMARY

Families of miniature inertial igniters are under development as part of SBIR
Phase Il projects with * Omnitek Partners, LLC and are being mature through
ATO

» Two generations of igniters have been prototyped and tested for safety
(no-fire conditions) and for all-fire ignition in air guns.

« Two generation of igniters have been integrated into thermal batteries and

and tested in air-guns (spin and no-spin tests), and one series as integrated

into thermal batteries has been tested in an artillery round (fired at YPG on

08/05/2008)

Currently teaming and collaborating with Advanced Thermal Batteries

and Omnitek Partners to develop an improved thermal battery.

Current collaborations with ATB and Omnitek Partners has resulted in

integrated improved thermal battery at TRL 6.

Scheduled to transition to PM and Acquisition Program

* DATARIGHTS: DFARS 252.227-7018 SBIR Data Rights During 5yrs. can disclose only to support contractors under a
nondisclosure agreement; no mfgrg. or buying, only in-house analysis, testing, planning. After 5yrs. it then becomes
unlimited rights, per (1)(vii) of 252.227-7018. Note: 5 yrs datarights can be extended by subsequent government contracts.

WARFIGHTER FOCUSED.



* ¥ Rn’-'gg,y’ INERTIAL IGNITER FOR THERMAL BATTERY (con’t) /zmm:
SUMMARY 1

Thermal Battery Improvements

— Achieved 30% increase In runtime by

Implementing an improved heat management:
— Extra heat end heat pellets
— Improved insulation material
— Sidewall heating
— Investigated runtime improvements utilizing
metallic gas getters

— Demonstrated in flight test at YPG on 08/05/08

N _\’55-1'5\1_;-,. Pyrotechnicheatpellet



Advantages of Using

Piezoelectric-Based Energy

Harvesting Power Sources in
Munitions

* Safety (no initial power).

* Very long shelf life.

* Relatively small.

Generator Additional  Fre-Loading Piezoelectric

Belleville
Spring Mass Washers Element

Sources of Energy for Onboard

* Can replace the onboard battery or reduce Power Generation
size of battery , #Firing acceleration.

* Operates in a wide range of temperatures. - Fesosectic || £ ’\ Addiional Mass #Spinning during the flight.

* May be integrated into the structure of munitions. e #Drag induced vibration.

* The level of output voltage provides information é}}i’%ﬁ"ﬂ?"  Housing #Flow induced heating of leading
about the state of the munitions and can be used as n T /) surfaces during supersonic flight.
secondary means for fuzing safety and munitions ™" / 'g':: % ’) #Stored mechanical (potential)
operation. e § , 2 energy.

Advantage of Using Spring Storage

For a 1.8 preloading factor, and since only 1/3 of
mechanical energy in piezo is electrical energy,
the energy converted by the resonating unitis up
to (1.8 X 6250 X 3/ 12.5) = 2700 times higher

Pre-loading
Support

. MS830A1-HEAT

Flight Test 09/25/07 FLIGHT TEST ROUND #1

(3) Omnitek "3000" Axial
Piezoelectric Generators

Omnitek Piezoelectric Generator
Signal Conditioning
mPhase Battery
Bi-Polar Supercapacitor
Telemetry Battery
Telemetry Boards & Accelerometers
Scimitar Antenna

POC:

Carlos M. Pereira U.S. Army — ARDEC
Advanced Precision Concepts Branch Chief
carlos.m.pereiral@us.army.mil;
Desk—973-724-1542

(Cell) 973-896-5909
WARFIGHTER FOCUSED.

Omnitek Thermophotovoltaic Generator
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Thermophotovoltaic Materials Based ok i
Power Generation - Basic Elements s M T
Coolant % ar
: ‘ ::_: g;st%\)/oltaic cells 2
= : f‘ voc»r' l 1500 2000 ‘2500‘ 3000
Heat source =: I E«Heatsink T(K)
% : Filter / thermal insulation (a g PP
\‘-" transparent layer with low °°G G
EMIET  uneiony thermal conductivity, e.g., LiF)  5* )
10607 o 71;06 = 7T52;m”“ B "2;0707” ) 73000
\
Contact (Front Side) )Load
Anti-Reﬂection Layer
i ,  JXCrystals Inc - 3.2V GaSb IR Circuit -
Positive Layer 1cmx1cm
Contact(Rear Side )
Advantages
« Safety (no initial power).
* Very long shelflife.
* Relatively small.
POC: : * Reduces the total onboard
Carlos M. Pereira U.S. Army — ARDEC .
Advanced Precision Concepts Branch Chief battery and/or capacitor
carlos.m.pereiral @us.army.mil; volume.
Desk — 973-724-1542 * Can be integrated
(Cell) 973-896-5909 conformably into the

munitions structure.

B\ RDEI;UM\)THERI\/IOPHOTOVOLTAIC(TPV) POWER GENERATION
= FOR SUPERSONIC MUNITIONS

Fin Application V Application

WARFIGHTER FOCUSED.
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*
* 9 RDECOM ) opticAL WIRELESS DATA & POWER TRANSFER

Optical Wireless Communications for Munitions =
— Potting material utilized as wireless transmission medium (or free space)
— NO Fiber Optics! — optical communication system

— Could be implemented in two ways:
— Fuze Setter— transferdata (4-16Mb/s) and power preflight (1J less than 0.1s)
— Wireless communication bus within munition (board to board)

— Demonstrated 2 watt power transmission per cell

— Multiple cells combined for desired power characteristics

— Patented use of “guided” and free space optical communication networkin
munitions el Optical

Advantages over wire based systems Window —S0ure

— Immune to electromagnetic interference

— Inherently high G tolerant

— Extremely low cost, commercially available components <]

— Compactand light weight, and low power

— Potential to eliminate umbilical cord or board to board
connections

The

Munitions IRDAZLanseefer

Electronics



http://www.semiconductor.agilent.com/cgi-bin/morpheus/promotions/promotionsDetail.jsp?BV_SessionID=@@@@1039451259.1051534805@@@@&BV_EngineID=ladchdcfgifebemgcgjcfijdin.0&promoID=49663

Y rpECOM HYBRID ENERGY SYSTEMS

SUMMARY

Energy Harvesting technologies are under development as

part of SBIR Phase Il projects with * Omnitek Partners,
LLC and are being mature through ATO

« Built & tested various types of energy harvesters, several
types of designs to be mounted axially and radially for
flight tests to demonstrate energy harvesting in tri-axial
configuration

* Firsttime HES components subjected to gun launched
operational environment

* Firsttime converted energy using piezoelectric harvester .
at over 30% efficiency

« Validated model

+  Piezoelectric generators survived 50K G's of setbackand !
produced power to meet ATO objectives 11 NN

e eavalilE
 Excellent quality TM data obtained from flight tests - I
« Achieved TRL7 Typical Acceleration Plot for M830A1

2080 2081

* DATARIGHTS: DFARS 252.227-7018 SBIR Data Rights During 5yrs. can disclose only to support contractors under a
nondisclosure agreement; no mfgrg. or buying, only in-house analysis, testing, planning. After 5yrs. it then becomes
unlimited rights, per (1)(vii) of 252.227-7018. Note: 5 yrs datarights can be extended by subsequent government contracts.

* Gov’t Patent Pending
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BACK UP



=Y roECOM )

MINIATURE INERTIAL IGNITION SYSTEMS
FOR THERMAL BATTERIES

Omnitek inertial igniter and its operation

Outer casing
removed

Fully
assembled

At rest (striker Partial (no-fire) Full (all-fire)
locked) actuation actuation (striker
released)

Primer based or two part pyrotechnic ignition available WARFIGHTER FOCUSED.
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MINIATURE INERTIAL IGNITION SYSTEMS
FOR THERMAL BATTERIES

<5 Operation of the Omnitek “V1”
- Atrest inertial igniter
: (Outer casing removed)

- b
R 3
"t S

Partial actuation Striker released

WARFIGHTER FOCUSED.



Y RoEC M D SpRING STORAGE PIEZO ENERGY HARVESTING

Emechanical = lJoule = 1%

Eeiectricat = IJ & 033 = 330 ijuleS

Power in WATTS is the rate at which energy is used.
and the amount of energy used is measured in JOULES.
Then,

Joules = watts x seconds, therefore watts = joules/seconds.

Then,

E
Time

P(watts) =
And,

%
w = 3 3watts

P(watts) = 0 Tsec

At V=5 volts; P=3.3watt; [ = §
Then,
[=33. [=66ma (milliamperes)

5 b

* The harvesters are designed as continuous oscillation
harvesters coupled to a staked piezo

* Various designs mounted in both axial as well as lateral
directions

*Design in flight round stores 1 joule and it is expected to
have a
33% efficiency. Itis tuned to about 1.2 KHz.

* Depending on the round vibration range, it may produce
more or less than 1 joule.

* The axial harvesters are expected to produce at least1 Joule
« Since this is the first time we are firing these harvestersina

flight round, we will be learning the profile of the vibrational
information by means of onboard sensors.
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Thermophotovoltaic Power Generator =04
Integration into the Nose of a Projectile Ll i
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