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=4 Naval Electric Power System Design

AL SEA SYSTE

The primary aim of the electric power system
design will be for survivability and continuity of the

electrical power supply. To insure continuity of service,
consideration shall be given to the number, size and
location of generators, switchboards, and to the type of
electrical distribution systems to be installed and the
suitability for segregating or isolating damaged sections of
the system.

- NAVSEA DESIGN PRACTICES and CRITERIA
MANUAL, ELECTRICAL SYSTEMS for SURFACE
SHIPS, CHAPTER 300
NAVSEA T9300-AF-PRO-020
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.\ ,7£] Electric Warship Vision

NAVAL SEASYSTEMS COMMAND

~m— Organic Surveillance Drone
" <+——___ High Altitude
Beam Power to Aircraft

i Minimal Handling - No Refueli
High Powered Sensor inimal Handling - No Refueling

Combination Sensor and Weapon Electromagnetic Gun

High Powered Microwave More than 10 MJ on Target
High Powered Laser

Megawatt Range W
" e
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.72y The Road to the Electric Warship

SSN 774

CVN 78
Power Electronics . DDG 1000 High Voltage, High Power
Military Integrated Power System " “pjstribution System

Electric Aircraft Launch

T-AKE 1 LHD 8 /LHA 6
Commercial |ntegrated HYbrld Electric Drive Commercial |ntegrated
Power System Power System
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e  Increasing Mission Power Demand

Active
Denial
System

TRL=6

Laser Weapon System

Solid State
Laser System

Technology Electro-
Development Magnetic
TRL=3/4 Power Demands per Moun Launch
Multiple Mounts per ship

Rail Gun

v Increasing Power Demands
eploye - -
Mﬁss}i/on 2014 2014 2016 2020 2020+
Capability ? 1 T A f\
0.4 MW 0.4 MW 2 MW 30 MW 20 MW
Weapon /
System
Development

Free Electron
Laser System

Load

[
Sensor and Weapons
Power Demands will
Rival Propulsion Power
| | Demands

CDOS-SIFLTIA  ODE 1000 Fubrw Conbatarl  Hedonsl
M Fropision MEShip Sorvico & Mission Syctams | Flsciric Warshp
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WEA FY 11 Long Range Naval Vessel Construction Plan

NAVAL SEA"SYSTEMS COMMAND

11 (12|13 |14 [ 15 [ 16 [ 17 [ 18 |20 |20 [21 |22 |23 |24 | 25|26 |27 [28 |20 |30 |31 [32[33[34[35{36[37]38]30]40]
ICVN 21 1 1 1 1 1 1

Large Surface Combatants

DDG 51 2 1 2 1 2 1 2 1 2 1 2 1 2 1 1 2 2 1 2 1 2

DDG(X) 2 2 2 2 2 2 2 2 2
ISmall Surface Combatants

LCS 2 3 4 4 4 3 3 3 3 2 2 2 2 2 1 2 1 2 1 2 1

LCS(X) 2 1 2 2 2 2 2 2 2

Attack Submarines

SSN-774 2 2 2 2 2 2 2 1 2 2 2 2 1 1 1 1 1 1 11 1 1 1 12 1 2 1 2 1

Ballistic Missile Submarines

SSBN(X) 1 1 1 1 1 1 1 1 1 1 1 1

lAmphibious Warfare Ships
LHA 6 1 1 1
LH (X) 1 1 1 1
LPD 17 1
LSD(X) 1 1 1 1 1 1 1 1 1 1 1 1

ICombat Logistic Force
MLP 1 1 1
T-AO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

ISupport Vessels

JHSV 1 1 2 2 2 2 2 2 2 2 2 1 2 1 1 2 2 2 2 2 2 2 2
T-ATF(X) 1 101 1
T-ARS(X) 1 101 1
T-AGOS(X) 1 101 1 1
AS(X) 1 1
New Construction o8 |12|o|12[of12|o]s{ofur|w]|u|s|[s|7]|7]8]|8|[s|s]|s]|wu]|s|w|7|[w]|]o]w]7]
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NAVSEA Integrated Power System on DDG 1000

NAVAL SEASYSTEMS COMMAND

The current
generation
military IPS

9/24/2010 Approved for Public Release 7
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WLZTZY Next Generation IPS — What's New?

* Implements an Open Architecture Business and
Technical Model

 Reflects lessons learned from IPS

« Covers full range of ships in the 30 year shipbuilding
plan.
— 4 Power Generation Technical Architectures
— Zonal Ship Service Power Architecture

AFFORDABLY MEET THE POWER NEEDS
OF OUR FUTURE FLEET

9/24/2010 Approved for Public Release 8
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WSEA Next Generation Integrated Power System
e | echnology Development Roadmap

Roadmap defines path for NGIPS
Development, provides guidance to
Navy and industry developing
organizations and forms the basis for
coordinated planning and future Navy
investments

Navy after Next
JDIECNG the EUtlre el SlprstPeWers:

9/24/2010 Approved for Public Release
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Wifﬂ IPS Architecture

NAVAL SEA"SYSTEMS COMMAND

* Integrated Power

— Propulsion and Ship
Service Loads
provided power from
same prime movers

e Zonal Distribution

— Longitudinal
Distribution buses
connect prime movers ;
to loads via zonal
distribution nodes S L2 RSP -
(Switchboards or load IPS Test Site: NAVSSES Philadelphia

centers).
9/24/2010 Approved for Public Release 10
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Integrated Power System
Functional Architecture

e |IPS consists of an architecture and a set of modules
which together provide the basis for designing,
procuring, and supporting marine power systems
applicable over a broad range of ship types.

— Power Generation Module (PGM)
— Power Distribution Module (PDM)
— Power Conversion Module (PCM)
— Power Control (PCON)

— Energy Storage Module (ESM)

— Load (PLM)

— Propulsion Motor Module (PMM)

9/24/2010 Approved for Public Release
Doerry
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W\ .72Y Power System Architectures

NAVAL SEA"SYSTEMS COMMAND

Notional
Zonal Electrical Distribution

load

) —
Emergency Load
via CBT

PDM (450 VAC)

Notional 8 8
Power Generation Bus MVAC 3 3 MVAC
(MVAC, HFAC, MVDC) HFAC : : HFAC
. ) HVDC = = HVDC
or o Emergency Load o or
10 00 VDC load \igiﬂgggr{:’;?:g‘g\odes 1000 V DC
via PCM-4 via PCM-4
Power Generation Bus configurations (including
number of zones and number and location of PGMs
/ PMMs) will vary based on ship requirements
Variable Speed
9/24/2010 Approved for Public Release 12
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@d NGIPS Technical Architectures

NAVAL SEA"SYSTEMS COMMAND

e Power Generation

— Low Voltage AC
» Upgrade legacy applications

— Medium Voltage AC (MVAC)
* Today's Technology
» Appropriate for ships without power
density requirements
— High Frequency AC (HFAC)

» Intermediate Step towards MVDC
for ships with high power density
requirements

— Medium Voltage DC (MVDC)
» Target Architecture for ships with
high power density requirements

o Zonal Ship Service Distribution

— Common to all Power Generation
Systems

— Affordably provide requisite level of
Survivability and Quality of Service
» Zonal Survivability — limit impact of
damage to affected zones

* Quality of Service — Ensure reliable
power under normal operating
conditions

Affordability

Power Density

Now Near Far

9/24/2010 Approved for Public Release 13
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fs_‘i-'A Electric Ships Office Charter

AL SEA SYS

e Mission: Provide smaller, simpler, more affordable, and more
capable ship’s power systems for Navy platforms by defining
common open architectures, developing common
components, and focusing Navy and industry investments.

* The Electric Ships Office

Provides affordable tailored IPS products through application of system
architecture, systems engineering, systems integration, modularity and
commonality principles to reduce acquisition and life cycle costs.

Provides IPS vision ...

Supports the development and platform integration of future weapons
systems with high electric power demands.

Enhances the transition of IPS related Science and Technology

Improves Naval Platform Mission Capability through selection and
enhancement of IPS components and architecture.

Create and Implement the Next Generation IPS

9/24/2010 Approved for Public Release 14
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NAVSEA Transitioning Technology

NAVAL SEA"SYSTEMS COMMAND

PROTOTYPE ACTUAL SYSTEM
A————

SHIP ACAT PROGRAM MILESTONES: A E B C

Material Technology : Engineering & Production &

DoDD 5000.01 20 Nov 2007 Solution Analysis Development nufacturing Development Deployment

=
BA 3 BA 4

DoD FMR BA 1 BA 2 BA5and BA 7

7000.14-R Basic > Applied — Advanced AT System Development and Demo

(June 2006) R h h | Cop [y . & Operational System Dev

esearc Researc Development Prototypes
___________________________________________________________________________________________________________________________________
Manufacturing Readiness -
Level Deskbook Draft 3 Jan 2010 MRL 1 t0 2 MRL 2 to 4 MRL 4 "  MRL5-7 MRL 8 MRL 9-10
. ONR . PEO / SYSCOM .
TRL1to 2 TRL 2to 3 TRL4to5 . TRL5t07 TRL 8 TRL 9+

SCIENCE & TECHNOLOGY : SYSTEM DEVELOPMENT

Technology Creation 7 ESO Focus

Product Line Development

Ship Integration

9/24/2010 Approved for Public Release 15
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Product Line Based
mevaed [echnology Transition Model

NAVGEA

Knowledge Creation Generic
(B'IA‘_'l thrcf_ Wi >~ Multi-Platform
Product Line Definition & Development Technology
(BA-4, CA-7) 2
Produc. v & Ship Int Product  * & Ship Int
BA-5, BA- >CN, OPN BA-5, BA-, =N, OPN Specific
> Application
Production Produiction Technology
SCN, 0PN SCN, <
< .
Ship
. Design &
Construction

* Product Lines
— Provide capability to create and produce specific applications when needed.
— Promote Commonality across Ship classes.
— Decouple S&T from specific ship applications
» Eliminate churn in aligning S&T and ship acquisition programs.

— Capture knowledge in Specifications, Standards, Handbooks, Design Data Sheets,
Rules, etc.

 Technology Development Roadmaps facilitate communication

9/24/2010 Approved for Public Release 16
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\V&\27ZY Naval Open Architecture

 "Naval OA is a combination of collaborative-
competition business and technical
practices; including Peer Reviews for cost-
effective innovation, with rapid Technology
Insertion processes fostering third-party
developed modules (hardware and/or
software), for continuous, incremental
Increases in warfighting capability, while

reducing cost." .
Open Architecture Task Force (OATF)

December 2006

9/24/2010 Approved for Public Release 17
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L\TZY Open Architecture (OA) Business Model

Using Performance Specifications that define
“what” is needed not “how” it is designed

— Includes extensive use of well-defined and detailed
Interface specifications (Technical Architecture)

— Includes well defined validation methods

e Subdividing labor and specialization at the module
or component level

 Defining and segregating roles and responsibilities
for component delivery, system integration and life
cycle support

 Including a “spiral” process to provide feedback
from the evaluation of fielded systems to update
architecture documentation and module designs

9/24/2010 Approved for Public Release 18
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NAVSEA Systems Engineering Model

NAVAL SEA"SYSTEMS COMMAND

Funclicsl Furcticosal Furclional Functioaal
Elemant Efemant Efspment Elermeat

Moduhe ftcact i e Modube P L Moadube Modue Moo e Piacluie

M.C.5, M.C.5. M.C.5. MGG M.C.5, M5, M.LCE. MO.&

Ship
Requirements

PS5 DEEHE}H TR SH

WANEER

¥ —X
Taiinrad” Tasored" "Talored” ailord™| [ Tailoed™| s o
o Tasared
I‘Ia-dmuj I!|:| l Midule l hAcLibs trhludua Modue | | |2eored
[ Tatikrod . T lored® - )
~Taibor Talloyesd
i Wodule Modus | jpe copFIGURATION | Module
M.C.E, = Moduls Chearectenzaton Shae
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L ——

NAVAL SEA SYSTEMS COMMAND

« What (Technical Architecture — Not Ship Specific)

Develop and Maintain standards and specifications such as NVR , MIL-SPECs
as well as participation in industry standards bodies such as IEEE.

Develop and Maintain interface specifications and validation / testing standards
for NGIPS modules.

Develop and Maintain standard Performance Specifications for NGIPS modules

Develop and Maintain design data sheets and associated design and analysis
tools.

Develop and Maintain Module Characterization Sheets for capturing data on
qualified and developmental modules for use with design and analysis tools.

In collaboration with a Peer Review process and ship concept analysis, develop
and maintain a technology roadmap / priority list for desired technology
Improvements.

Incorporates lessons learned from fielded systems into the Technical
Architecture

 Who

Led by a Government Technical Warrant Holder
Assisted by a Government / Industry Peer Review

Works Cross-Platform — Not Ship Specific

9/24/2010 Approved for Public Release 20
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W..7ZY Systems Engineer

NAVAL SEA SYSTEMS COMMAND

« What (Systems Architecture — Ship Specific)

« Wh

Works with Ship Design Manager (SDM) and Design Integration Manager (DIM)
in early stages of design to conduct trade studies and develop alternative power
systems solutions adhering to the NGIPS technical architecture

* One Line Diagrams

» Electric Load Analysis

» Technical Risk Assessments
» Configuration Details

Develops derived requirements for the power and propulsion system during
Preliminary Design

Manages power and propulsion system risk mitigation activities

During Contract Design, transitions knowledge and configuration management of
the systems architecture to the Systems Integrator

Assists the Program Manager in selecting power systems solutions as well as
modules and module vendors

0]

Led by a Government Lead Engineer

Assisted by a Government / Government Support / Industry

Ship Specific Application of Technical Architecture before MS B

9/24/2010 Approved for Public Release 21
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WsEA Module Development

VAL ASSM comm

 What
— Mature technology to produce a “gualified” module ready for
Integration with other modules and insertion into a ship
acquisition program.
« Who
— ONR and / or Industry matures technology to TRL 5 or 6

— For Government matured technologies, a Government program
office prepares specifications / SOWSs for Development contracts
iIn conformance with the NGIPS Technical Architecture to mature

technology to TRL 7 or 8

— Industry, as the module developer, is responsible for maturing
the technology and “qualifying” the module through the module

validation and testing standards.

9/24/2010 Approved for Public Release 22
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W Z72] NGIPS Systems Integration

NAVAL SEA SYSTEMS COMMAND

e What

— Use the derived requirements from the systems engineering process,
the technical architecture, and results from analysis, modeling and
simulation to produce the ship specific Systems Architecture and
associated module procurement specifications.

— Once the module procurement is made

* Assist the government / ship integrator in ensuring the vendor is
meeting the procurement specifications

« Continue to validate that the Power and Propulsion system will work
(and if not, what ECPs are needed to make it work)

» Participate in component and system testing.
— Is not a decision authority for module procurement.
« Who (options)
— Industry partner chosen by ship integrator for a specific ship acquisition
— Industry partner chosen by Government for a specific ship acquisition

— Industry partner(s) chosen by Government for a given period of time to
serve multiple ship acquisitions.

Ship Specific Application of Technical Architecture
starting in Contract Design (Prior to MS B)

9/24/2010 Approved for Public Release 23
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W’EEA Open Architecture Advanced Development

NAVAL SEA"SYSTEMS COMMAND

9/24/2010

Future Fleet
30 Yr Plan

Force

% Notional Fleet & ! P|annlng
Ship Requirements | |

Q System Design &

Engineering

! L : System Requirements )
Performance Specs N

Interface Standards "

Q Module Development
System Integration

Modeling & Simulation

\-=- /

A
I
I

a

Q Test & Evaluation (DT)
Module Characterization

Products: System Architectures
Risk Reduction
Standards & Specifications
Module Characterization

Approved for Public Release
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NAVSEA

Open Architecture Engineering

mecaed Development & Qualification

Ship Platform Requirements
(JCIDS)

% Ship & System Derived
Requirements

, Advan ced Development Architectures, Modules,
% B I Standards, & Specifications, Modeling & Simulation

Engineering
Q::> Module Procurement

{add'l developmentif

required)
System Integration
* Power
« Controls
+ Ship & Auxiliary

Q:> Test & Evaluation
Qualification & OT

Products: Fleet Introduction of Open Architecture Qualified Modules,
Life Cycle Support Data Package and Approach for Tech Refresh

9/24/2010

Approved for Public Release
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‘5752\__ Institutionalizing Technology

Early Technology
Demonstration

Incorporation into
Production Units

This i1s Done!

Standardization of
Architecture and Interfaces

E—— Stanc.iardization of
Design Process

Ongo In 9 Integration i
I — gration into
Effort Design Tools
. Full Implementation

in Standards and Specifications

Part of Engineering
. :
School Curriculum

9/24/2010 Approved for Public Release 26
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@é_ Technical Architecture Efforts

NAVAL SEA"SYSTEMS COMMAND

Military Standards

— MIL-STD-1399-300B

METRIL |
MIL-STD-13905AVY)

— MIL-PRF-32272 eI o
« |EEE Standards o
_ Letter Of Ad o) pt| on DEPARTMENT OF DEFENSE
INTERFACE STANDARD
d I E E E 1 6 6 2 = 2 O O 8 ELECTRIC Puzizlﬁ'::fj?t\b CUREBENT

« IEEE 1709-2010
— Standards Development
o P45
 P1826
» Design Data Sheets
— DDS 200-1
— DDS 310-1

 Naval Vessel Rules updates (annual)
 NGIPS Conceptual Design Application Handbook

9/24/2010 Approved for Public Release 27
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W72 NGIPS Take - Aways

NAVAL SE;I\' SYSTEMS COMMAND

« Affordability
— Commonality where it makes sense
— Each ship must affordably satisfy its requirements
— NGIPS Open Architecture Business Model

» Technical Architectures
— 4 Power Generation Architectures
 LVAC - today
« MVAC - today and for ships without power density requirements

« HFAC — Interim Step to MVDC for ships with power density
requirements

« MVDC - Goal for ships with power density requirements
— Zonal Ship Service Distribution Architecture

9/24/2010 Approved for Public Release
Doerry
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