Expeditionary
Maneuver \Warfare

& Combating Terrorism
S&T Department

(@ =) : [= : = [-* J

DEVELOPING FUTURE NAVAL COMBAT CAPABILITIES

Never forgetting the past!

MARINE CORPS SYSTEMS
COMMAND - ADVANCED
PLANNING BRIEF TO
INDUSTRY

Mr. George W. Solhan, SES

Deputy Chief of Naval Research,
Expeditionary Maneuver Warfare and

Norfol_k, VA Combating Terrorism S&T
30 April 2012
Director, Marine Corps S&T



The glass is half empty.

Half full...No! Wait!
Half empty!..No, half...
What was the question?

Hey!
| ordered a cheeseburger!

MCCDC/OPNAV Fleet/ MARFOR
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* Plan and execute technology
discovery, invention and

exploitation

e Collaborate with government,
industry and academia B
eTechnology Transition

Combat Developer
MCCDC/OPNAV/CFFC/
MCWL

Technology
Developer
(S&T)
ONR

e Communication

e Technology Roadmaps

® S&T Objectives

e Technology transition agreements
e Experimentation

Pull Us Together
e Vision/Planning I

e Industry
Concept Capability Futures Gaps Requirements
Capability Futures Gaps Requirements  Technology
Requirements  Technology

Materiel
Developer
SYSCOMs/PEOs

“The Three Circles”
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* Develop Warfighting
Concepts

e Define future capabilities
e Requirements

* S&T objectives (STOs)

e Resources

® Program Research and
Development

* Procurement

e Fielding

e Operation and Sustainment

Push Apart

® Budgets

e Schedule

e Risk

e Operational Tempo
o Staffing/Turnover

o Industry

R&D Production Capability
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" Creative Engine for Combat Development

Warfighting
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Development
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Technology |operating
Objectives | Forces

Art of the Possible
Science and
Technology




Complexity...Uncertainty...Warfighting Capability

Capabilities

Portfolio Alighment with Futures

Unanticipated
Futures Discovery & Invention
(Basic and Applied Research)
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S&T Opportunity

“When you have no money, THINK”

-
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The lean years are coming ...
11 12 13 14 15 16 17 18 19 20 21 22'

* When procurement funding is plentiful, S&T/Exp is important

» Shape the nature of the buy When procurement funding is scarce, S&T/Exp is more important

» Mitigate Risk with the Creative Engine — Know What is Possible... and When

» Shape future capability — be prepared to take advantage of opportunities when the upturn comes &



Naval Research: A Statutory Mission

Naval Research Laboratory (Appropriations Act, 1916):
“[Conduct] exploratory and research work...necessary...
for the benefit of Government service, including the
construction, equipment, and operation of a laboratory....”

Office of Naval Research (Public Law 588, 1946):
“... plan, foster, and encourage scientific research
In recognition of its paramount importance as related to

the maintenance of future naval power, and the
reservation of national security....” Thorees \
Edison Joseb .

. Harry S
Truman

Daniels

Transitioning S&T (Defense Authorization Act, 2001):
“...manage the Navy’s basic, applied, and advanced
research to foster transition from science and
technology to higher levels of research, development,
test, and evaluation.”




Revolutionary Research . . . Relevant Results
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Ocean Battlespace
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Focus on the warrior as a system,

rather than the platform!

Align:
-What we do
-What we need to do it
-How do we measure our effectiveness?

CFO
Deputy

Programming, Planning &
Operations
Ms. L. Worcester

A .
Align with our customers:
- USMC, NECE, SPECWAR
- Combat Developers, Material Developers,
Operating Forces

CEO

Department Head
Mr. G. W. Solhan

C00

Deputy
Department Head
COL Sam Kirby

Hybrid Complex Warfare Sciences
Division (301)

/N('NK'Y

Combating Terrorism &

\Applications Division (302) Integration Division (303)

Director c1o Director VP BD/Director
Dr. M. Shlesinger Mr. A. G. Johnson Mr. J. McMains
A Maritime
Non-Linear Physics NEDP Irregular
. - Warfare
Dr. M. Shlesinger Ms L. Albuguerque CAPT C. Gunzel
Basic Research — Operational
Counter IED Naval Expeditionary Dog Program Adaptation
Dr. D. Prono
CAPT Gunzel

VP
Human VP \/P
Performance
Training & e ISR
Education
- Mr. J. Moniz Mr. M. Kruger
Dr. P. Squire Ms. M. Rubeiz
Mr. C. Lethin Maj F. Filler
LT J. Seiter

Integrate inter departmental & interdisciplinary within ONR and with external activities — |

Mr. D. Simons
Mr. A. Iglesias

Product Lines

VP
Human,
Social,

VP VP

Fires

VP
Logistics

VP
Maneuver

Force
Protection Cultural,
Behavioral

Sciences
Dr. I. Estabrooke

Mr. C. Reese  Mr. J. Bradel (ICAF)
Maj Billy Short

Mr. K. Hammack

Mr. L. Mastroianni
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(Total $186.3M)

PE 0603651M

(JNLWD)

PE 0602651M 31 3

(JNLWD)

$5.9 M

PE 0602131M

(ONR Code 30)

$44.8 M

PE 0603640M

(ONR Code 30 - Project
2223)

$83.9 M PE 0603640M

(MCWL — Project 2297)

$40.4 M

Data derived from PBR FY-12

PBR FY-12 S&T Funding

Leverage: = $100M




USMC S&T & DoD S&T
FY2012 TOA

DoD S&T - All
$12.2 Billion

DoD S&T By Budget Activity

$K
$5 5

$6,000,000 - USMC S&T
$5,000,000 - $186.3 Million
$4,000,000 - 1.5 % of DoD
$3,000,000 - S&T TOA
$2,000,000 -
$1,000,000 - Leverage:

50 - Collaborative,

2012 President’s Budget Request TOA Joint, Cooperative,

m6.1 m6.2 me.3 In-kind



._: USMC S&T Is Aligned to the
35th CMC’s Guidance

The Marine Corps is America’s Expeditionary Force in Readiness — a balanced air-ground-logistics team.

We are forward-deployed and forward-engaged: shaping, training, deterring, and responding to all manner of
crises and contingencies. We create options and decision space for our Nation’s leaders. Alert and ready, we
respond to today’s crisis, with today’s force ... TODAY. Responsive and scalable, we team with other services,

allies and interagency partners. We enable and participate in joint and combined operations of any magnitude.

A middleweight force, we are light enough to get there quickly, but heavy enough to carry the day upon arrival, and

capable of operating independent of local infrastructure. We operate throughout the spectrum of threats —
irregular,
hybrid, conventional — or the shady areas where they overlap. Marines are ready to respond whenever the Nation

calls ... wherever the President may direct.

Priorities of the 35th Commandant of the Marine Corps

- We will continue to provide the best trained and equipped Marine units to
Afghanistan. This will not change. This remains our top priority!

- We will rebalance our Corps, posture it for the future and aggressively
experiment with and implement new capabilities and organizations.

- We will better educate and train our Marines to succeed in distributed
operations and increasingly complex environments.

- We will keep faith with our Marines, our Sailors and our families.




Science &Technology “Top Down”
Guidance
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Expeditionary and Irregular Warfare
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ONR Code 30 Thrust Alignment

LS. WViIARINE CORBRPS
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C4 Thrust /'*f' ¥ T ST
ISR Thrust i ‘-
Fires Thrust
Maneuver Thrust
Logistics Thrust
Force Protection Thrust
Naval Expeditionary Dog Program L
Human Performance, Training, and Education
Sciences Addressing Asymmetric Explosive Threats
Human, Social, Cultural, Behavioral Sciences




Logistics

Command,
Control,
Communications,
and Computers
(C4)

et Restlis

Expeditionary Maneuver “Whitman’s Sampler”

Handling and Transport

Rapidly Alternative
Modulated Human _Load
Power for Carrying
XOS Concepts

Water Purification

Novel Flat

Filters

Fuel Efficiency

Intelligent Small
Unit Power

Double Layer
Properties in
CDI Systems

Maintenance Reduction

Power Electric Energy

sums l-l'-"-:-=::- s

Self Lubricating
Coatings

Harvesting
Electric Power
from Walking

Automated Pallet
Handling for Naval
Replishment

CQ-10Bravo |
Air Cargo
Delivery

UV LED
Disinfection
Module

Hybrid Renewable
Multi fuel Power

Generator
i -

Polyfibroblast

Power Management
for Military Radios

Rechargeable
Li-Air Batteries

e

e
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Network Centric
Warfare/Interoperability

Systems Integration
Environment

Over-the-Horizon Comms
& Gateways

Mobile Modular
Command, Control &

Communications (M2C3)

Small Unit Technologies

Adaptive Networks

Near Term

Mid Term

Dyna(r:n ic Tactical Exchange of Actionable
omms . )
. Information at the Tactical
Networking Edge Enabling Capabilit
Enabling ge Enabling Capability
Capability
High Bandwidth Advanced
Laser Comms Technologies | Reprogrammable §
Enabling Payload
Capability Self —
Small Unit Adapting Materials
Decision Aids Radio Antenna
Prototype Demo

Far Term




Expeditionary Maneuver “Whitman’s Sampler”

- Tools that provide
Application Services o } Network Based updates to warfighters
Network Characterization Signatures Decision Aids and/or analysts
Knowledge Management & Understanding
Distribution I
Multi-Modal Entity Develop Cllluts)terstoftsensors
; i Automated . . . Identity collaborate to answer
Persistent ISR Wide Area , :
Sensors Understanding of Disambiguation Smart information needs and can
Intelligence, Advanced Sensor & Signal the Meaning of - Distributed infer patterns of life and
Surveillance & Processing Movement Sensor Fields intent
Recon nalssance Net Worked Sensor Fields
(|SR) Cl9ud enable:
ISR - C2 Decision - Surgical and epvnronrpentt at
Acti ble Intelli Predict ’ Semantic Discovery, Selectable surgically discovers and
( C\Il(\l)r:f'ah S es igence) Mar:ipltfl:'zirgn Web Classification Automated delivers needed
arfighter as a Sensor , & Uncertaint Warfigh i i
Automated Indications & Warnings & Stimulation & Enablement Y EXI ighter mformat_lon to the
Knowledge Subscriptions Learning erts warfighter
Detection
: i Integrated Day- Azimuth and Awareness for Supervised
Targeting and Engagement Gunslinger Sl ate" | i 6‘ P
Package for Night Sight Nonn;aZigr:ittl;]: Inertial MEMS Lightweight Autonomous
Accurate Target Location; Target Advanced Technology Sensin Navigation Engagements and 3 Fires
Detection, Recognition, ID Convoy Security | g System Remote Targeting ﬂﬁr;[ Technology
Caseless Small
Advanced Ammunition Enhanced Range | MEMAS Safe & Caliber Ammunition "\‘i @ Miniature Urban
Mortar Ammunition £ 4//ATm Warhead
Affordable Extended Range, Revolutionary
SEEEE C::::)Igtlii: UEIRECE, Tactical Urban EMS Ignition m Target Effects
g Strike Weapon Safety Device o
ﬂ»__“f% Flight Controlled
Firepower Advanced Weapons - _ Mortar Scaleable
- Precision Lightweight ini
Precision, Affordable Accuracy, High Performance Alloys Universal Mortar Gun Mount er.na.ture Urban
Extended Service Life for Weapons Applications Attack un Viou Missile System

Near Term Mid Term




Expeditionary Maneuver “Whitman’s Sampler”

A~\S®*

Survivability — Armored Materials Active / Pulsed Power Advanced Requirements Advanced Advanced Blast
Active Pulsed Power Protection Protection for Crew Safety (ARCS) Electromagnetic Armor Mitigation
Crew Protection (AEMA) )
‘ SoaEm 00
Maneuver Enablers —SA & Advanced Perception T E Autonomous ngman i
Maneuver Unmanned Autonomous System Resupply Vehicle

P -

Systems = Ty
} r.:‘} I; —
Advanced Mobility — Advanced Infinitelv Variable @ 5 s EH Future Fuel
Suspensio.n.& Drive Train Technologies Trangmission Fuel Efficient MTVR & Advanced Alternatives
Fuel Efficiency & Battlefield Power LAV Suspension System (FNCs)
| Suicide Bomber Shearography Detection Multi-Mode & Remote Standoff Explosive Detection

Detection GPR
(Point/Standoff/Area) Eg:éﬁmz Detection Multi -Modal Pre-Shot Sniper Detection
Detection EMW-FY08-01 Demo/Transition
Neutralization of Spot / Scalable Explosive e
T Neutralization IEDs with RF Hazard Neutralization _2
Protection (PointStandoffiArea) Smart Mine Sensor Counter . ¢

Measures
EMW-FY09-01
Indiv. Warfighter Blast/Trauma Ultra High Strength & S
Mitigation Protection Mitigation For Performance Ballistic Blast Mitigation
) Technologies
L Combat Hejmets Materials
: | Neural
Human Physical Performance |/ Characterizing Fundamental mechanisms
Capability Models | Mechanisms of Resilience underlying
3 o resilience
Human Warrior Resilience dload. S Pre-deployment PT/nutrition
Per_fqrmance, Wor foa , Stress & strategies to improve fitness [Py Optimizing Training and
Training and ImFr)r?érZ'”za?rc;r:nn and reduce injuries { | Performance of Small Teams
- ive Traini
Education Decision Making & g - ) [
Expertise Development . Enhanced Decision- .
Marksmanshm making for Small Unit Immerswe
Trainer Leaders Sciences

Near Term Mid Term Far Term



.. Relevant Results

Targeting and Engagement TIA — Willful Intent

Current Capability:

=  Conventional targeting and engagement systems for direct and indirect fire capability

target acquisition for individual
dismounted warfighters

= Self defense, precision
engagement, and escalation of
force from unmanned ground and
surface platforms

accelerometers

» Fabricate Gradient Index lenses from low density polymers
with optical transparency (80+%) and sufficient dispersion
(Abbe# 30-B0) by varying polymer optical properties and the
refractive index (defta n=0.2) to create an optical lens element
with a 75% weight reduction while increasing the number of
resolvable pixels by 50%

= Accurate identification and simulation of kill-chain functions
that can be optimally served by semi-autonomous systems for
self-defense and precision engagement, reducing dependency
on RF links

FY Desired Capability S&T Challenge S&T Solution
Near Accurate target location for »  MEMS based gyro compassing using high-Q {~500k} silicon Hemispherical resonator gyro, micno-
dismounted warfighters, at based disc resonating gyros with Angle Random Walk of 0.004 electromechanical system (MEMS) tuning
Term standoff distances, in all terrain degirt hr and Bias Stability of 0,04 deghr, resulting in an fork gyro, MEMS sdicon based disc resonator
and weather conditions, including azimuth accuracy of 4 mils achievable in 4 minutes through gyro. accelerometers, and electronic
FY11- urkzan and mountainous with cloud MEMS scale wafer tnmming and high wacuum packaging components packaged in complete insrtial
FY15 cover »  Lower SWIR dark current to increase signal to noise ratio measurement units (IMU)
Light-weight, low cost tanget through nowel ROIC design, extending identification range and Integrated Vis-MIR-ZWIR-LWIR sensors in a
detection, recognition, and gliminate the need for a thermal electric cooler for an single focal plane amay
dentification out to effective ntegrated SWIR/LWIR imager by implementing non-wniformity Boomerang and CROWS Il integrated via
ranges of small arms and crew correction algorithms across the operational termperature range 4CE software hosed on Tough-book
served weapons in day, night, and for lightweight, low power targeting and cbservation systems computers and multiple systems networked
all weather conditions » |ntegrated stabilization. data fusion, compression algorithms, via the PRC-117G radio
Coordinated threat response with frequency hopping techniques, advanced communication
remote weapons stations protocols, and object oriented GUI software for networked
sensors and remote weapon systems onto multiple platforms
Mid Handheld inertial navigation »  MEMS based inertial navigation using high-Q (~1M) disc MEMS quartz based disc resonator gyro,
targeting in all environment and resonating gyros with Angle Random Walk of 0.001 degirt hr MEMS 5 deg. of freedom spinning mass
Term weather conditions, incheding and Bias Stability of 0.01 degihr, resulting in an azimuth gyro. electronic components,
GP5-denied accuracy of 1 mils achievable in &0 seconds through MEMS accelerometers, and position tracking in a
FY16- « Lightweight, day/night wide FOW scale wafer trimming and high vacuwm packaging of MEMS complete inertial navigation system
FY 20 based gyros, and through integration of MEMS based

Miniaturized GRIM lens and other imaging
technologies to prowvide enhanced SWAP and
Fow

Unreal Development Kit (UDK) based M&S,
virtual simulations, electro-optic based target
detection and video tracking algorithms,

RW 3 gunner logic/behavior programming. an
autonomy kit, object detection/classification
algorithms, and world model of the Advanced
Perception System {AFS) from the Small Unit
Mibility Enhancement Technologies
[SUMET) program




et Restlis

Targeting and Engagement TIA — Willful Intent Continued

... Continued
Far 10m target location error (TLE) at standeff Develop technaologies for enhanced Angle of amival of GPS M-code or other
distances, accounting for all sources of vertical self location accuracy; and reference signal to determine accurate vertical
Term ermor, including azimuth, self lecation, ability to receive, manage. and self location; and meteorological data collection
FY21- vertizal angle, range, and meteorological transmit locally-generatad and targeting compensation algorithms for
EY25 effects meteorological messages integrated onbaard targeting system computing and hand-
Remotely deployed tags with delivery and with local ground sensars to . off
activation system to mark tangets of interest compensate the theoretical targeting MEMS based inertial navigation technologies for
at near to extended stand-off distances salution assisted projectile markers having adequate
Automatic target detection, recognition, Develop miniaturized marking power for signal transmission and observer-
identification, tracking, and hand-off technology (delivery survivable) initiated activation (by laser, RF, or other means)
capability at stand-off distances in suitable over extended ranges Pattern recognition algorithms using IR, active
dismounted tangeting systems Develop real-time, sensor data illuminated SW IR, or other sensaor arays against
Miniaturized, inertial-based, autonomaous fusion, autematic target recognition classification libraries of target types; and
navigation of munitions for GPS-denied and processing power system, in a identification and mitigation of processing
environments and no available laser dismounted package limitations
designation Develop affordable, high-shock, and MEMS based inertial navigation, advanced
Lightweight. day/night, wide Field of View thermally resistant, MEMS inertial material composition, ultra-high @ and ultra-high
{FOV} target acquisition for crew served navigation, guidance, and control dynamic range or inertial components having
WEapons technologies micra level angle random walk (ARW } and
Develop Graduated Index of simplified control scheme
Refraction (GRIM) lenses coupled to Combined GRIN lens, curved FPA, and
curved FPA advanced signal processing on crew served
weapons to provide day-night target acguisition
Endstate:

= All-encompassing targeting and engagement capabilities, enabling responsive and flexible "Fires as a Commodity” to individual warfighters, netted for
shared situational awareness throughout the sensor-to-shooter chain, providing precision fires and massed fires ability, against unconventional and hybrid
threats across the full range of military cperations and environments.




.. Relevant Results

Advanced Ammunition TIA — Willful Intent

Current Capability: Conventional munitions for direct and indirect fire capability

FY Desired Capability S&T Challenge S&T Solution
Near »  Affordable extended range fires Develop advanced propellant technologies that ncreass = High nitrogen propellants and new propellant
for battalicns m pulse within existing 81 mm mortar mazimum operating formulations/granulations
Term = Enable defeat of all targets in pressunz = DwoE atomiclevel models coupled with Eulerian and
FY11- urban terrain and other complex Develop predictive capability to understand and optimize Lagrangian hydrocodes that predict combined
types of terrain the synergistic effects of superimposed and sequenced performance of conventional kill mechanisms
FY15 - Improve munition reliability and kill mechanisms in novel warhead designs inchuding finear explosively formed penetrators,
first round Probahility of Kill Apply high refiabiity commercial silicon based MEMS shaped charges, rigid body penetrators, high
(PK) technology to weapens initiation trains for improved explosives, and fragments
»  Reduce weight and logistics SWAP and reliability = Minizture MEMZ based low-energy reactive bridges,
burden of ammuniticn Develop structural high ignition temperature propellants newel primary explosives/propeants, and safe-arm
and associated initiation mechanisms impenious to technologies
normal weapon environments, eliminating the need for a = HMX based high ignition temperature propellant,
conventional cartridge case using commercial structwral resins as PNP binder
replacement
Mid = Affordable extended range fires Develop advanced propellant technologies for the 80 mm | © !_'"EI" nitrogen propellants and new propellant
for companies muortar ormulations
Term - Defeat of targets behind walls Develop advanced warheads and fuzes that delay - Physics based modeling and optimization of )
FY16- {both combatants and doubly detonation untl the penetrator enters the protected space 3:"‘9:"'3?“ Fﬁ’“’m "E"""ar"“‘gf- C‘I:_"d"_'f"” "'FI multiple
FY20 protected items) Dexvelop high output explosives with low sensitivity effects (Le unroe, Wisznay-senardn, spa . etc)

« Insensitive primary explosives " !:'D':I::LIS- chromium oxide 'na_t'l-::es that cnntrc:_ the
and fuzes for sdvanced ignition and detonation of high output explosives
warhaads combined with advanced nano-circuls for reduced

explosive sensitivity
Far »  Affordable extended range fires Develop propulsion technologies that can be used to = Mano-materials for propellant with significant
for individual warfighters extend the range of guided bullets advantages in propulsion cutput
Term = Scalable warhead effects for Develop warhead cenfigurations allowing variable and = Unigue configurations of MEMS based fuzing,
FY21- shioulder launched missies and tadorable output variable cutput explosives, and advanced kil
FY25 ricrtars rmechanism combinations
Endstate:

* |Improved lethality and dominance of the individual Warfighter within his area of influence through advanced warhead, propulsion, and ammunition
technologies, enabling engagement of the enemy from greater distances, with tailorable effects, improved reliability, reduced collateral damage,
while lightening the lcad.




.. Relevant Results

Advanced Weapons TIA — Willful Intent

Current Capability:

= Conventiocnal weaponry for direct and indirect fire capability

FY Desired Capability S&T Challenge S&T Solution
MNear = Precision fires for battalions = Develop for Bimm mortar a low cost, highly = Low cost canard actuation system, MEMS
» Reduce the weight of weapon integrated, miniaturized guidance, navigation, and based fuzing, extended range propellants,
Term systems and components control system providing § meter CEF precision abbreviated guidance laws, 3ASM GPE,
FY11- . Extendthe service life of weapon | = Demonstrate the utility of reducing combat load by terminal seeker based guidance, and tail kit fior
FY15 systems increasing warfighter “kills-per-kilogram® the MB21/MBES 81mm mortar munitions
- Econcmically design and apply superalloys to = Caseless .ammuniﬁ::un small caliber weapons
Weapon systems in order to minimize erosion, technologies
extend service life, reduce weight, and enhance = Flow-forming small bore, thick walled,
high temperature performance lightweight gun barrels out of superalloys such
as LG05, Rene 41, Stellite 21, Inconel 718, etc.
Mid = Precision fires for companies = Develop a miniature guidance, navigation, an . ow-form processing. super alloys, an
Precision fires fi i D I ini id igati d Flow-fo i 1l d
Term «  Improved life cycle performance control system for a B0mm mortar advanced composite materials
for small ams (reduced bamel = Develop new materals and materials preducticn = Integratiom of micro-pulsed laser designator,
erosion, improved operationa technigues to provide consistent high weapon integrated day-night optics, lightweight minor
FY16- ion, i d ional hini id i high i d day-night optics, lightweight mi
FY 20 performance) performance caliber weapons, and low cost missiles
- Affordable fires aceuracy and = Develop a remotely cperated, stabilized weapon = Airburst warhead for 21mm mortar with
lethality against small tactical station mount of less than 200 lbs infrared reflective and other unique signature
F:'IET_‘D""“E from small manned = Develop tag dispersion technigues that provide tagging technolegies
tactical platforms more than 85% coverage of all targets within 25m
= Cowvert tagging of enemy diameter from 2 km standoff range
vehicles and combatants
= Precision fires for the individual = Develop low cost, ruggedized, miniature & DOF = (3un hardened . miniature MEMS based INS
Far P a4
Term warfighter navigation grade inertial system « Directed energy, eleciromagnetic pulse
=  Monlethal engagement capability | = Dewvelop inexpensive non-lethal weapons effects generators, variable density projectiles, and
FY21- and munitions, in coordination with Joint Mon- phaser technologies
F¥25 lethal Weapons Directorate (JMLWD)
Endstate:

= Lightweight, reliable, accurate weapons systems, enabling organic and inorganic scalable |ethality Fires as a Commadity, against diverse unconventional
and hybrid threats, with the ability to escalate from non-lethal to lethal force from ground, air, and naval platforms, across the full range of military

operations.




Done for you lately...
or Modernization?

Materials Science Study
eInconel 718 super alloy

*High temperature composites
*Gradient materials

Modeling and Simulation 20 11 60m m
*System thermal, dynamic and . .
analyses ng ht We|ght

kinematic stress

>
S Mortar
(1/
N7
%
Material Processing Technigues Advanced Design Optimization
*FlowForming *Multi-axial forging
*Hydrostatic extrusion «Self-lubricating plastics
Material Sciences
Spectral Study «InGaAs Detectors
SWIR Sky Glow Small Pitch EPA Advanced Circuit Design
Phenomenology *High Res Imagery Multi Spectral Image Fusion

IDNST

Modeling and Simulation
Predictions/ldentification

ThermoElectric Cooling | nteg rated Da'y

Dark Current Reduction
Night Sight
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Alignment: Demand Signal/Technology
Demand Signal

“Lightening the Load”



ONR S&T — Addressing the Demand Signal

Lightening the Load
Integrated Day Night Sight Technology (IDNST)
Lightweight Individual Modular Body Armor (LiMBR)
Lightweight Expeditionary Power (conversion, storage
distribution)

Advanced Lightweight Mortars, Machine Gun Barrels
Cased-telescoped/Caseless ammo

Energy Efficient Vehicles, On-Board Vehicle Power
Advance Lightweight Vehicle Armor Technologies
Enhanced Technologies for Optimization of Warfighter
Load (ETOWL)

I




t Results

Average Personal Infantry Gom

LWH

Light Weight Helmet:
$260

3.45 Ibs

Helmet Cover:
$15.35

0.15 Ibs

Dog Tags
Ei

0.1 Ibs

oTv

Quter Tacktical Vest:
$638

8.4 Ibs

E-SAPI

Enhanced Small Arms
Protective Insertsx2:
$1140

10.9 Ibs

Total:sew

Side-SAPI

Side Small Arms
Protective Inserts
Prototype:

$600

6 lbs

Magazine with
Ammunition x6:
$115.86

6.3 Ibs

Utilities:
$68.65
2.97 Ibs

Undershirt:
$3.50 ea
0.18 Ibs

Socks:
53
0.16 Ibs

Underwear:
52,50
0.25 Ibs

Utility Belt:
$5.90
0.3 lbs

Multi-Purpose Bayonet:

$38.53
1.3 1lbs

Balistic Eve Wear:
$78
0.15 lbs

Ear Pluges:
With Case
$7.54
0.1lbs

Hydration System
with Water:
$45.37

6.3 Ibs

M16 A4:
$1200
79lbs

Pouches:
575
1.9 lbs

G940 Green Smoke
Grenate K2:

$94.10
4.0 Ibs

63811 Frag
Grenade x2:

$85.02
4.0lbs

Gloves:
$19.50
0.33 Ibs

Knee and
Elbow Pads:
$31.05

1.0 Ibs

ILBE

Individual Load
Bearing Equipment
$415

10.5 Ibs

MRE

Meal Ready to Eat x3:
$20.58

3.8 Ibs

ICB

Infantry Combat
Boot:

$90

4 lbs

Combat Assault
Sling:

$27

042 Ibs

IFAK

Individual First Aid Kit:
$68

1.0 Ibs




“Lightening the Load”
Operational Constraints

e Tenants of Expeditionary Warfare

— The Nature of War

* Friction and Uncertainty
— The Theory of War

e Speed and Focus

e Surprise and Boldness

e Creation and Exploitation of Opportunity
— Preparing for War

* Professionalism

e Training and Education
— The Conduct of War

e Commander’s Intent

e Distributed Operations (DO)

“Distributed Operations describes an operating approach that seeks to create an advantage over an adversary — spatial,
temporal, and psychological — through the intentional use of dispersion and independent, small-unit tactical actions, which
are enabled by increased access to functional support.”

from A Concept for Distributed Operations (4/25/2005)

e Seminal issue
— Mission vs. Capability trade space
* Develops an inherent “tension” between the small unit leader and higher command
— Immediate utility vs. Contingency/Operational flexibility

“A common mistake is to base the fighting load on the gear and supplies necessary to meet every
contingency.” MCRP 3-02A



Integrated Day-Night
Sight Technology (IDNST)

Individual Weapon Sight

e Crew Served
Sight Concept

Combining Short Wave Infrared (SWIR) and Long Wave Infrared (LWIR) imagers, to
provide enhanced target detection & identification capabilities

= Compared to current thermal imagers and Image Intensified (12) sights:

* Lower weight ; individual weapons sight 2 Ib versus 3.4 |Ib, crew served weapons sight 3.3 lbs
versus 12.1 lbs

= Enhanced target identification out to maximum effective ranges of the weapons:
e From day through starlight
e Willimage through haze, fog, smokes, through thermal crossovers, and behind glass
* Will detect camouflage clothing and netting against foliage

* Crew-served sights will be developed for Joint Early User Evals in FY14 followed by

Individual sight demos in FY15.
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Caseless Small Caliber Ammunition

¥ S 3 1 | SN 1= *Resuks

Weight
(Ibs)
60
51.3 Ibs O Weapon
50
B 1000 Rounds
40 17.5 of Ammo

Rotating Chamber allows
push through feed and eject

Muzzle
Compensator

Top mounted flip
open feed tray

Vented Foregrip

Long stroke, soft recoil
Improves controllability

M249 SAW LSAT Caseless
Quick change barrel
(handle not shown)
Picatinny
Rails
g Adjustable, collapsible
G - - Full Loop buttstock
24.5 pounds of weight savings (48%) Polymer Links
and 40% reduction in ammo volume for Semi-Auto or Full-Auto Fire
150 Round @ 600 rpm
the M249 SAW gunner Ammo Soft Pouch
J




Historical Weight Increases
in Personal Protection

3 Future Threats? S
E e S T e T T ! Survivability/Mobility Trade-Space

7.62mm WC

.30 Cal APM2
— EiEP e e S
n
0
—
£ 20-
lb-ﬂ
=
Lt
(=8
(=8
2012 State of the Art Plate Technology
7.62mm WC @ Muzzle — 6.0 Ibs
10 - .30 APM2 @Muzzle —5.4 Ibs

.30 Cal APM2 @ 300m —4.3 Ibs
MED Ball @ Muzzle — 2.6 lbs
M12943 Ball @ Muzzle — 2.3 |bs

Fragmentation Protection

1960-1990 1997 2005 2010 2025

Era



Operational Effectiveness &

Mobility vs. Survivability

*& Missions

‘Survivability Analysis

Armor weight:
Encumbered volume:
Restricted range of motion: © b |

Adggregate discomfort: C .
Agagregate effort: L ]

Simulate Effect on Mobility




Expeditionary Power Systems

¢ PowerSage (Packet Digital LLC)

—Intelligent Power Management Integrated Circuit
—Replaces a traditional voltage regulator (ubiquitous electronic component)
—Adjusts circuit-level voltage supply based on real-time component power demand

—Potential to greatly reduce power consumption in nearly any electronic device

—Demonstrated 67% reduction in power consumption of a Motorola soldier radio
*Equates to a 12 Ib reduction per Marine in batteries carried on a 4-day mission
eLowers noise and waste-heat, enabling further weight reductions via smaller heat syncs

*High-n Flexible PV (NRL and MicroLink Inc)

.~ —High-efficiency, thin-film, multi-junction, flexible solar cells
~ —Technology enabled by Epitaxial Lift-Off manufacturing process

| —3x-10x more output than current flex PV technology (eg. SPACES)
—Enables warfighter to reduce number of spare batteries carried




Systems Engineering Approach to LL

* Are we treating the Marine Infantryman as a system?
** Should weight (and other mobility enablers) be an independent variable?

I’ AGREEMENT k:"-’__ r TECHNICAL MANAGEMENT 1]
» Describe the Need Heguirements » Plan T echnical Processes
« Quantifly the Need Loop » Assess Technical Processes
r « Control T echnical Process
/ REQUIREMENTS DEFINITION
« Analyze Missions/Environments B
« Define Functions Loaop
% Define Technical R equirements |

{ SOLUTION DEFINITION )

» Define Alternative Concepis
« Refine Alternative 5 olations Tmpl
« Evaluate Alternatives -t

= Establish B aseline J
( SYSTEM REALIZATION )

e tati on

Laop

TECHNICAL EVALUATION -‘\

* Analyze System
« Verily Resulis
* YValidate Resulis

* Implement System Elements

« Integrate System

« Transition to Use

« Uperate & Maintain B

v3



“Lightening the Load”
Final Thoughts and Way Forward

e Combat load is “controlled” but not optimized for LL considerations

— Biased for contingency/risk mitigation

e Conventional vs. Light infantry tasking/demands
— Functionally different for good reasons
— What is the “break point” for light infantry ops?

— Squad based capability/combat load
» Have we developed this metric?

e Requirements drive S&T investment

— LL concerns are stated anecdotally and lack a systems approach
» S&T like everything else is resource constrained; where is the largest opportunity for
ROI?
— METT-TSL approach supported with decision aids/tools to
visualize/articulate/compare/examine combat load options will balance mission
and load considerations.



Efforts in Support of the Marine Corps

| | Advanced Weapons Material Technology-Mortar Systems |

| Innovative Tactical BLOS COMM Relay | | Tactical Hydrographic Survey Equipment
Position Locating | i i |
| Miniature Digital Data Link (MDDL) | Reporting System | Nuclear Quadrapole Resonance (NQR) Technology | Improved Fire Control Systems (Mortar/Howitzer)
int-to-Poi Scalable Effect Weapon Concept Development |
Se;ulzr%zﬁ:]n;:gvﬁ;mt ick CI Active RPG ISR Sensor | P P P
Quick Clot Eid, - . Defense Networking (ISRnet®)

. [ . | Advanced Fires Coordination Technology }..

True North Module - Smart Data Fl Soft - =

— Man Portable GUNPACS : . - | 40mm MEMS S&A | mart biaia FIows Sotwars -
- U Reprogrammable Payload I Advanced Materials (Isogrid/Composites) —"
] - 1

- i = —

Joint Service ¢ [ ) ' J Video Flashlights l' L e -
Lightweight Ty e ~:—E= ;..4 = Z Radios to ForceNET Advanced Gun Barrel Technology
H s 4 = “ - P‘

Integrated Suit iy (JTRS, PRC) b2 v\
— 'y N

r . y
Technology p 7 A . — T _ . 4
. . / . v Dragon Eye | 2 o : Lightweight Trails for the M777 &3
L i T - sy LAy 2ol 4 Torrain Datab t 7 ?, TR S
A ' . k o b

A : Generation (RTDG)
.8
Modeling _ : X Distributed Tactical

. s s p e ' 4 k | . — A
) ) 1 - AN | ,} ﬁ o8 RST-V Hybrid
Advanced Target K g S W Electric Drive
Acquisition 4 / 5 Wy X, _
. I - - \i Y \

— . ¥ | O ) g D RF Emitter ID & = TR
Homemade | S y : gt _‘ Y \ Team actlcal Engagement Simulation

Explosive

Bulk : / /o ) ol W TR A i AL )
Detection Kits \ : _ AT oy e | RST-V Hybrid Next Generation Expeditionary £
; ' ki Electric Data Warfare Intelligent Training (NEW-IT) A
- e - . (28 EFV Obstacle L /-\
EX45 Stable |’ e Avoidance System Deployable Virtual Training Environment )
Weapon Mount | e o \
A

"

o s v N ; ] AAV Enhancements/SLEP Live Training PLI Comm & Display System

Navigation

i i ___-‘:__"‘f:__'- H
: Reconfigurable w . |nDa GPdS Remote Sensor Fusion MASINT Core Close Combat: Marine (CCM) GCE Tactical
enie -
#| Surveillance UAV ﬁ e Environment Decision-making Simulation (TDS)

(RSUAV) i s 8 A ' Improved Imaging Technologies
e - (EO/IR Laser)
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7| Countermeasures/Breaching MICLIC f& Detector el Adaptive Expeditionary Maneuver Warfare System (AEMWS) Beach Reconnaissance and Analysis (COBRA)
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Questions/Comments?

Visit us at:

http://www.onr.navy.mil/home/Science-
Technology/Departments/Code-30.aspx
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