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Power Division [ D;EVCDM

Technology Focus Areas

Expeditionary Power Generation & Conversion Advanced Energy Storage Intelligent Power Management & Distribution
Fuel to Electricity, Alternative & Renewable Batteries, Capacitors, etc.

Soldier & Small Unit (up to 2kW)

Tactical Energy for Soldier Lethality
ey

C5ISR Power & Intelligent Architectures (up to 360kW)

Energy Informed Operations

Increased Operational Reach / Reduced Logistics

* Tactical Microgrid Standards & Controls for
Distributed Power Systems

- . 7 * Energy Predictive Applications for Power
CAPABILITIES BASED % Bl o . .
HOLISTIC TACTICAL . 5 - gl 2 Management

POWER ENABLING

USRS || NEERENT RS r Intelligent Power Architecture Demonstrations

INTELLIGENT ENERGY
MANAGEMENT AND DISTRIBUTION

Optimized Energy Storage for
C4ISR Power

Increased Soldier Lethality through
longer runtimes in distributed

operations, with limited resupply Optimizing platforms to enable C4ISR Dominance

* Energy storage materials for unique battery
configurations

* Power generation devices to enable integrated
Soldier borne/operated sensors and radios

* Pulse Power Energy Storage
* Thermal Analysis & Management
- * Control Standards & Distribution
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Outline Z D;EVCDM
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»  Energy Storage Integration
»  Vehicle Integration

> Conclusion
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DEVCOM

CENTER

Microgrid

In the event power
is severed from
commercial sources...

Installation Microgrid Ft. Hunter Liggett Solar Microgrid

https://grist.org/climate-energy/u-s-military- https://www.bothman.com/projects/federal—
gets-serious-about-microgrids-which-is-more- ~ §overnment/fort-hunter-liggett-phase-2-1-mw.

exciting-than-it-sounds/ solar-micro-grid
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Tactical Microgrid Z D;EVCUM

Distribution

Sources

Power Architecture Tactical
e Grouping of power sources, distribution e Readily Deployable
and loads e Installed and operated by user

¢ Self-contained
e Acts as a single controllable entity
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*

VA

* Power has provided
the Warfighter
capability for over a
century

e Beginnings of mobile
power generation

~
ey ~.
2 .

# e

Mobile generator sets mounted on 4-wheel trailers
powering anti-aircraft searchlights during World War Il

https://olive-drab.com/od electronics mep.php
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*

Z DEVCOM

obile Electric Power History

« PM MEP (Mobile
Electric Power)
currently PM E2S2 o

“IE‘S:itlanlisl:j Magg?;n
and Provide a
71965 ;

(Expeditionary | Exomitant { southeast J Sondond Fomily o
# Demand for Asia for Maximum DOD
Energy and i Electrical Component Use”
i Power —‘ U.S Army Designated as
§USta In r;]ent VIELHAMT | Lead Stanellfardizagion Activity
ystems i Excessive s — —
| Proliferation: ¢ Azcl)-lgc Jomt Opera;::?gp;’rocedures
2,000 Different Working Fon % . i
* PM E2S2 i Makes Models, i - Group N WV Joint Operating
_ Sizes i~ Established :,gfggxm oo
standardized [ ) Standardization of
i \ DA -ARED Mobile Electric Power
. . Ineffective  } 'M-ME| ]
mobile electric Logistical _ ER | Cenerating Sources
. . Army Regulation 700-101
power generating PURpOIE DOD Proicct e AFJI63-110
................................... Mobile Ej|ectric Po?”er NAVFACINST 4120.12
sources | esewwws PMMEP MCO 11310.8C

a5/ \ DLAI4120.11

DFAR Requirement for PV MEP Approval for

Non-standard Power Equipment

“Mobile Electric Power for Today and Tomorrow” - PM MEP. Joint Service Power Expo
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~>r Z DEVCOM

lilitary vs. Commercial

*

* Fewer units,

militar =

tand yd . No CommpercialiGenerat
Srandard parts, e I ERE
better - " et

ey AL . CLICIROW
performance Critical
Military Features

+ DiesellJP-8 {(DoD Policy)
+ Operate atall
Environmental Extremes
Excellent Power Quality
High Reliability \ TE 4
Battlefield Mobility 7] > 0 )
Ruggedized —
: éﬁ:::ced Less Cost
Battlefield Survivability : Less Weight
— NBC | Less Capable
- IR b
— Aural
— EMP Hardening
+ Rated Power at Altitude
 * Organically Supported J

* More
sustainable
tactical power

* Market Surveys; 1983;

“Mobile Electric Power for Today and Tomorrow” - PM MEP. Joint Service Power Expo
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Spot Generation Z DEVCOM

M40

[
e ]
.

(A) (B)

ATP 3-34.45 — “Electric Power and Distribution”

Wet stacking from unburned fuel

http://www.austingenerator.com/wet-stacking-and-load-bank-testing/

Supply often exceeds demand, reducing efficiency, and increasing wear on generators
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*

U.S.ARMY

During
counterinsurgency
operations, spot
generation at a
large scale drove up
demand for fuel

Fuel supply convoys
were compromised.

Needed a more
resilient solution
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Status Quo DEVCOM

Legend
© TQG (3)

@ Commercial
Generator (2)

° CommerC|a| Self_ ECUIGENSET
powered ECU (14) ®

© PDISE (11)

€ Commercial
PDU (0)

41D DMAIN

Recommendation

;O 30kW PP » :Q

FISCHER Panda

12T ECU/35 KW GENSET

ENJRANCE |

8T ECU220 KW GENSET 3 i ~ S < .~ e

TECURZ0 KWGENSET
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PP\

»>4) Tactical Microgrid

DEVCOM

d Optlmlzed Fuel Billeting B 3 Malnc?nan
Consumption: Autonomous N
erations Sustainment
start-up and shutdown of Bileting N\
generators based on
Billeting %, Dining
demand Facility

* Redundancy: Multiple
generators can share load

* More resilient and L

Generator“ Generatorl] Generator || Generator Generatorl
H #1
sustainable

Generator
#6

ATP 3-34.45 — “Electric Power and Distribution”
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Active
Power

 Three 30kW
generators meet MIL-
STD 1332B
performance
requirements in
standalone operation

* QOscillations in both
active and reactive
power, generator set
controllers unable to
share load

Reactive
Power

* Reverse power on
ISO unit, opening
output circuit
breaker, leading to
microgrid blackout
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Paralleling Challenges

DEVCOM

ISO Active Power
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Auto-Tuning Z D;EV‘-'UM

Motivation:

* Tuning of paralleled sources is essential for tactical microgrids

e Sources may require re-tuning as tactical microgrid topology changes to mission’s
demands

* Tuning is a time-intensive process requiring specialized personnel and equipment

* Soldiers do not have the equipment or expertise to constantly retune sources

Objective:
* Develop a vendor agnostic, automated tuning solution, suited for a variety of
microgrid configurations

Approach:
- Digital integration of control parameters
- Model Based System Engineering (MBSE) and Parameter Identification

Please refer to the following paper for more information:
"Auto-Tuning for Military Microgrids," 2019 IEEE Energy Conversion Congress and
Exposition (ECCE)
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AMMPS DEVCOM

C5ISR

CENTER

* Improved Generator
e Quieter and lighter
* Increased fuel
efficiency
* Reduced wet stacking

* Microgrid Capability
* Auto Start/Stop.
* Load-sharing

* Proprietary System
* Hinders
communication and
coordination with
other systems

https://asc.army.mil/web/portfolio-item/cs-css-advanced-medium-mobile-power-source-ammps-microgrid/
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PP\

VA

m Generic Devices |

* SRC, STOR, DIST, MC,
LOAD, MSM
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(TMS)

Power

Tactical Microgrid Standard

Z DEVCOM

Wl Pub/Sub
Architecture

e Object Model Group
(OMG) Data Distribution
Service (DDS)

Power Source (SRC)

ex. AMMPS-30

,7)%‘

e Communications Loss
e Device Discovery

Microgrid Control ]
(MC)

7
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SE

Storage (STOR)
ex. Batteries

i

DDS
Global Data

|

Power Distribution

ex. PDISE-200

(DIST)

Ll

™~

Smart Loads
(LOAD)
ex. ECU

'

Microgrid System
Manager (MSM)

18
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TMS Demonstration DEVCOM

C5ISR
CENTER

At NATO exercise Capable Logistician 2019 in Poland, U.S. Army and Italian Air Force formed
microgrid of 2 AMMPS generators and an Italian battery-based inverter system, via TMS
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Multi-Domain
Operations (MDO)

(T

actical Intelligent Power Architecture

Sources

!

Distribution

~\

Joint Force Capabilities

Maritime -~

Land
Penetrate
xxxx Compete

Z DEVCOM

Multi-Layered Stand-off

Competition

Create political separation
* Diplomatic means
« Economic levers

All Domains Contested

~-. * Unconventional warfare
Teel - « Information operations
- Sso « Conventional forces
el 9 Se - . TN TN
-Convergefice-«_ >~ Armed Conflict

Separate the Joint Force in
time, space and function
* Long-range fires
* Unconventional warfare
* Ground-based air
defense systems
* Electronic warfare, space
and cyber

(Inside)

Dis-Integrate

Exploit

Whole of Government
-

XXXX
[3 - Demonstrate credible deterrent

g

TA - Enable defeat of information and unconventional warfare
- Conduct intelligence & counter adversary reconnaissance

Diplomatic

Economic e

Penetrate

National- & District-Level Forces

- Penetrate and begin neutralizing enemy long-range air defense

- Contest enemy maneuver forces
- from and strategic

XXXX
XXX
(-

- and di key of long

ge fires

e Oy
IRBMs/SRBMs, “ @

Dis-Integrate

XXX Conventional Forres
- Complete dis-integration of long-range air defense SRBMs, Mi
- Exploit dis-integration of long-range fires Multi _A
XX - Neutralize mid-range fires
- Conduct
- Conduct deception Muttiole _ P
Forward . ‘
Presence xx Exploit
Forces

Expeditionary  xx

“ - Exploit dis-integration of long-range fires and air defense
- Dis-integrate medium-range fires
I to of

Forces

- Isolate and defeat enemy land forces

Air Defense,
C:
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Vehicle Integration | DEVCOM

CENTER

*
)

e On-Board Vehicle Power

ELECTRICAL COOLING
SUBSYSTEM

* V2G (Vehicle to Grid)

EXPORT POWER LRU

* Rapid deployment of
tactical microgrids

PERMANENT MAGNET | ,
GENERATOR (PMG)

GENERATOR & SYSTEM

* Increased mobility for CONTROLLER
tact | Ca | p ower | n MD O HMMWYV OBVP kit components; the system includes the PMG, power management and cooling.

https://www.leonardodrs.com/media/9027/titan-obvp-brochure.pdf
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Conclusion Z DEVCOM

Power Enables Capability
- For the past century, tactical power has evolved based on growing demand for power

Preparing for MDO:
- Multi-Domain Operations will require mobile, resilient, and sustainable tactical power

Enabling Technologies:

- Tactical Microgrid Standardization
- Energy storage and Vehicle Integration
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