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NEXT SURFACE COMBATANT EVOLVED

“In FY2030, the DON plans to start building an affordable follow-on, multi-mission, mid-

sized future surface combatant to replace the Flight IIA DDG 51s...”
Report to Congress on the Annual Long-Range Plan for Construction of Naval Vessels for FY2015

Update:

“The prioritized shipbuilding plan assigns the highest priority to these frontline
combat platforms, affording the opportunity to quickly adopt new capabilities In
response to emerging disruptive capabilities — both ours and theirs — move to
a new modernization effort, or move to a new platform design.”

Report to Congress on the Annual Long-Range Plan for Construction of Naval Vessels for FY2019

Future Surface Combatant Force
« Large Surface Combatant (LSC)
 Small Surface Combatant (SSC)

« Unmanned Surface Venhicle (USV)

* Integrated Warfare System

Big Differences:
= High Energy Weapons and Sensors
» Flexibility for affordable capability

u p d ate S http://www.public.navy.mil/surfor/swmag/Pages/2014-SNA-Photo-Contest-Winners.aspx

Photo by CAPT Robert Lang, USN (Ret), from site
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THE GUIDEBOOK: NPES TDR

Naval Power and Energy Systems Technology Development Roadmap

Product Areas
Controls

Distribution
Energy Storage
Generators
Motors

Prime Movers

Power Converters

(%) & (V)

PES

i@ (5

Wk

Metrics
Efficiency
Power Density
Operating range
Cooling Requirements
Current Capacity
Cost
Operating temperature
Maintenance
Fault management
System response
System Reconfiguration

NAVAL POWER & ENEREY SYSTEMS | &

1

Data Mine

Requirements
Survey

Requirements Pull (RWG + Core Team)

. e P
Capability Derqu::q u;:ﬁ;i;sbem 5

Requirements

Technology Push (TWG + Core Team)

Surve

Requirements
Working Group
(RWG)
Buy-in

Aligning
Technologies with
Requirements
(Systems
Engineering)

/‘ Today's
| RFI to Industry |_) Technology Tectnology
\ Industry
Trends and
Development

Timelines

R

Current and Technology
T;‘: n;:ie ?es —>  Working Group
0 (TWG) Buy-In

Identify
Gaps

Write

TOR
Initiate Navy
Draft Review Tasker
Complete (—>|  System
(July 2017) (September
2017)

NPES

NAVAL POWER & ENERGY SYSTEMS

2018 NPES TDR: initiate approval process April 2018
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FUTURE POWER DEMANDS

MORE POWER
STEP CHANGE INCREMENTAL DEVELOPMENT OF POWER
GENERATION VS. INCREASE IN POWER REQUIREMENT
OVER TIME

Exponential
Capabilities Growth

A

Incremental
Flight
Upgrades

Today :

>

— Power Available — ! Power Demand

DIFFERENT DEMAND

NEwW CAPABILITIES DEMAND PULSE AND STOCHASTIC
POWER

EW Demand

Available
Power:
Constant

Mission Power Demand: Stochastic

CURRENT AVAILABLE POWER ABOARD SHIPS
CANNOT SUPPORT DYNAMIC LOADS

Current Power Systems Cannot Support Evolving Power Demands
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IPES REQUIRED TO ACCESS TOTAL SHIP POWER

Integrated Power System (IPS) Architecture: Integrated Power & Energy System (IPES) =
Shares Propulsion Plant with Ship Service IPS + Shared Energy + Advanced Controls
Evolutionar Advanced
DDG 1000 y Controls ’
. Power [i=s
o Motor A 7 Motor
7Y pproaCh Conversion =
G = Gas - S
S Service & i Service &
—> Weapons i Weapons

IPES Tactical Advantages:
* Flexibility
* Enable Undefined Future Warfare Capability
1 Adaptability
i «  Support Evolving Mission Requirements/
Systems
| Survivability
| » Limit Casualty Impact and Speed Recovery
: «  Whole Ship Power Backup
|

IPES Architechture

Mission
Loads

e Maneuver on “Battery”

e = s | e Engage Until Last Drop of Fuel Expended

Zone #5 Zone #4 Zone #3 Zone #2 Zone #1

Legend: Power Conversion Power Conversion & Energy Storage Bus Node MVDC bus Load Cer_lte_!___r - . .
e Endurance/Efficiency

] 1
A highly integrated system from generator to loads . Greater Range & Time ons tation
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PLANNING FOR FULL SHIP’S SERVICE LIFE

83 MW Shared Power COAS

IPES on FSC
+ Survivability
+ Flexibility
+ Warfighting Capability
+ Modularity

DDG 1000 IPS+

Some Ability to Upgrade
+ Survivability
+ Warfighting Capability

1 , Available power for the next 60-80 years?
Invest in IPES to harness total available power?
. Sufficient power availability to support future force
capabilities?

POWER DEMANDS

ZUMWALT Class (3 Ships DDG1000-1002)

78 MW Installed Power Generation DDG 1 000 MOd Repeat
; . Minimum Ability to Upgrade
+ Survivability
Generator Technology is Plateauing - Current Architecture Limits Power Availability
4.75 MW Available Power 5.80 MW  Available Power 7.60 MW Available Power l
2.80 MW Max Operating Profile 3.90 MW  Max Operating Profile ~ 5.10 MW Max Operating Profile
1.95 MW Growth 190 MW Growth 250 MW Growth DDG Flt Upgrade
9 MW Installed Power 12 MW Installed Power No Long-term Ability to

7.5 MW Installed Power Generation GRneESH

Generation i

Fiight | (21 ships DDG51-71) Flight IIA (33 ships DDG 91-123) Fiight Il (20 ships DDG 124-147) -
Fiight IWIA (19 ships (DDG 72-90) finc! FY 18 and FY 23 MYPs] FY28-32 MYP FY33-37MYP .

1991 - 2038 2004 - 2056 2021-2067 2033-2072 2038-2077

Critical Decision Point for FSC
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Upgrade

75 MW Geared Propulsion

1716 or 20 MW Installed Power
15.2 or 19 MW Available Power
ESL |
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WHAT IS IPES EMULATION?

 An M&S articulation of the IPES 1.0 architecture at FSU CAPS running in
real time to better define IPES, identify issues, mitigate known risks and

facilitate CHIL and PHIL

« |[PES Emulation builds off knowledge base developed by:

EM Demonstration
US/UK Advanced Electric Power & Propulsion Project Arrangement

SNL Advanced Controls Project
ONR ESRDC Knowledge & Products o —

« Test Plan development In Progress
* |If we do not know, guess, test,

evaluate, adjust, test
What questions are being answered,

what knowledge is being
developed?

IPES Emulation buys down risk and informs ITF efforts
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WHAT IS IPES TeST FACILITY (ITF)?

» Physical Embodiment of the approved IPES development strategy at Naval Warfare
Center Philadelphia

» Philosophy: Begin with functional equivalent modules (FEMSs) to be replaced with
developmental or tactical hardware when it becomes available. The ITF will evolve as
knowledge is gained and technology progresses.

* A3-zone, ~30-50 MW, 12 kVDC facility at NSWCPD designed to validate interfaces,
power system technologies and controls.

Purpose:

Demonstrate a 12kVDC Bus Voltage IPES ITF, capable of supplying and controlling
electric power to platform and mission systems, as an evolutionary step from DDG1000 to
Future Surface Combatants.

Objectives:
1. Develop Notional IPES ITF Architecture and Assess Performance
2. Develop IPES component interfaces and specifications
3. Mature Active Control Systems including Power Management and Cybersecurity
4. De-risk integration of modular energy storage primary and in-zone power
distribution
. Develop and validate interfaces with combat systems
. Inform IPES and ship CONOPS capabilities and limitations
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IPES Test Facility (ITF) Concept

Distribution and

Generation Propulsion Conversion

IMW 12kvDC PCM ./ ) PNCo/E QJ

High Speed Generator _) Bus Nodes @)
LM500GTG () AM4QL ) pisconnects (SBIR) ()

LM 2500 GTG J
25 MW Twin Spool Variable Speed GTG@)

GTG Materials Upgrade (EC) @

IPES Emulation # %,
(FSU CAPS) @

Combat System Interfaces
Robust Combat Power Controls (EC) @
Sandia Advanced Controls @
DDG1000 Power Management

Overarching ITF '
Power Management Q)

Advanced
Controls

FEMs Will Be Replaced with Tactical Hardware
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Energy Storage

Advanced Circuit @

Protection (EC)

cabling @)

Integrated Power & Energy System o
Test Facility (NSWCPD) W)

MFESM (EC) )

EM MKIl @
HESM @

EM Prototype @

TEAPPS @

Advanced
Auxiliaries

©) Funded
- ) Functional Equivalent

@ POM Issue




25 MW GAS TURBINE GENERATOR

» Description
* High Power Density
» Fits in a warship less than 10,000 tons (ER<46’)
DC permits use of variable speed to optimize efficiency
Dual windings for independent buses
Dual output
Independent rectifiers convert AC - DC
Module levels controls
Isolation from pulsed and/or stochastic load profiles
Accommodation of high energy weapons (DC loads)
» Warfighter Benefits
* Provides power dense and fuel efficient electrical generation capability
« Supports ships with future high power pulsed weapons and sensor systems in an IPES configuration
* Will be incorporated into IPES ITF upon delivery

e Status

 M&S and small scale testing underway at Sandia National Laboratory

« Requirements definition is continuing
»  BAA whitepapers received and being actioned

Requirements Definition Currently Underway
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PROGRAM MANAGER THOUGHTS

» Fruits of multiple investments in warfighting technology are maturing in near future
» Power system attributes driven by evolving ICD/CCD/PCD

» Markle Crystal Ball » Technological enablers for the future:

» Expanded use of M&S to include heavy

reliance on CHIL and PHIL
* 12 kVDC IPES Emulation at FSU CAPS
Marriage between Combat Systems and FY19

Machinery Control Systems | 12 kVDC power generation and
- “Active State Anticipation” distribution

_ * Dual-wound variable speed prime movers
Unlnterruptab|e Stable BaCk Up Power + Efficient low loss power conversion

New way to look at Service Life Margin High frequency power conversion
» Wide Band Gap Materials (SiC, GaN,

Ga,0, based devices)
« Flexibility for the Future Agile Advanced Controls
« Interfaces Integrated shared and distributed energy

: . storage
D “For” but “Not Fit With” at _ .
bi?égn O/ UL NGUFIL IR 4 » Media selected by dynamic responses

required
Innovative data analysis - automated Thermal Electric Power Generation part
decision making of the Holy Grail
Thermal Management Technologies
Validated Specifications and Standards

« Stable Bus servicing highly dynamic DC
loads

» Total Ship Power Perspective

Continued Active Partnership with Academia & Industry is Vital
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Electric Ships Office PMS 320...

Manages the Combat Power and Energy Smaller, simpler, and more affordable
Systems OIPT ship power systems
Works with the S&T community to apply Power for pulsed high energy weapons
- new technologies to solve fleet problems and sensor systems
Directing the Future of Ships Power e < Works in conjunction with ONR, DARPA, Future Naval Power Systems and
- Academia, Industry Professionals, and transition appropriate Science &
OVERVIEW Warfare Centers Technology to the fleet
; Aligns developments with warfighter need: Naval Power and Energy Systems
In 2007, ASN(RDA) established PMS 320, ‘ Supports SECNAV and CNO initiatives to Technology Development Roadmap
the Electric Ships Office (ESO) within PEO | reduce energy use (TDR)
SHIPS to facilitate the high degree of : ;
technical integration with ship platforms
and power systems, scope future
technology development, and support
critical concept decisions.

NPES TDR: http://www.navsea.navy.mil/teamships/PEOS_ElectricShips/default.aspx

Providing Affordable, Integrated Power and Energy Solutions

OUR MISSION

The mission of PMS 320 is to develop

and provide affordable, capable Naval T X .
power and energy system integration e i Indu stry

solutions to meet evolving customer : ' Academia
demands by: :

* Defining common open
o 8 = Provide fuel efficient and affordable power to meet power * Provides power conversion from DDG 51 Flight Ill 4160 VAC
architectures and interface requirements for advanced sensors and future weapons distribution system to 1000VDC at 1.42 MWiunit output power

standards » : : = fo ; = Reduction in weight and lower life cycle costs * The two PCM cabinets can be paralleled via auctioneering diodes (in

; e . o AMODR) and will share the AMDR load
q q = DDG 51 Flight Il AG9160RF rating is 4MW with 3.3% fuel
Developing common solutions, efficiency improvement from DDG 1000 RR4500 3 85MW ATG

and Focusing Navy and informing
Industry investments

Warfare Centers

AG9160 RF Air and Missile Defense

42 MW GTG Radar (AMDR) Power
Conversion Module (PCM) AMDR PCM Power Converter

* Fitm APGM
. Designation
MTESHE+
Gas Turbine (AG9160RF)

0 U R VISION . , « 12 KVDC Architecture =~ ; . 5 = De-risks SSL for all ships;

creates modular building
* IPS + Shared Energy Integrated Power " . block for fiexible commonality

R % Facilitat b i f
PMS 320 will work across the Navy’s " Storage + Advanced Controls & Ene:gyég_ys!em ! mﬁ;;::::;mr:nf:ro
1 = Enables multiple pulsed, high ( ) 5 systems

Research & Development Enterprise in a— Yt power mission systems Mag?l?n:g!fm;

partnership with industry to develop _ i)

and introduce innovative technologies _ _ * Fitinto a DDG-51 size ship Hybrid Electric Drive

to enable the Navy’s distributed nesMw (HED)

lethality principles through efficient o s o R A et avvea ki

power & energy management. ' T e e
i = OO:‘;put Power: 2550 HP (1.9MW) - port shaft

Energy -hrs
Output Power: 660kw at B50Vdc




