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> Alternative Propulsion Study
» DDG-51 Energy Efficiency Study

e Current Status and Future Development
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Background

Philadelphia

Point Design
Approach

Piece together individually optimized components to create subsystems/systems
Force the subsystems/systems into the ship

Family of
Designs
Approach
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Evaluate the ship-level impact of combinations of components

Provide several levels of comparison
Filter less attractive options prior to investing in detailed analyses/development
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NAVS SeaQuest
- Systems Engineering Application for
Quick Evaluation of Shipboard Technologies

Requirements

Sensitivity Analysis and
Trade Space Exploration |-
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Philadelphia

SeaQuest Features & Capabilities

Ship Impact Assessments of Alternative Architectures, Systems and
Components

Comparison of Competing Architectures, Systems and Components
Optimization of Design Solutions

Rapid Recalculations to Accommodate Parameter Changes

Define Design Space and Trade Space for Technology Investment
Parametric Studies

Probabilistic Analysis

Optimization: Genetic Algorithm; Gradient-Based

Sensitivity Studies: Main Effects and Interaction Effects

Design Space Exploration: Design of Experiments; Prediction
Profiler

CESD 2008 - Early Stage Evaluation of Shipboard Systems using SeaQuest



a. HTS

b. Air Cooled

c. Water Cooled
d. PM

Provides multiple architectures and several
components to provide system trade-off.
Database of over 30 components allows > 1K

combinations.

*By adding, subtracting, or
choosing components,
machanical, slectrical, or
hybrid architecturas ara
reprasanted

FYO7

FY 05 | provides one architecture for
HSG-ATG <:| trades, 4 different ATGs. Database

of only several components allows
only a few possible combinations.

4160Vac, 60Hz

5.8 MW

HV/Radar
PowerCon

FY06 ;

HV/LV
PowerCon

Provides multiple architectures and
multiple components to provide system
trade-off. Database of over 100
components allows > 1B combinations.
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NAVS

Alternative Propulsion Study.
Scope Problem

Determine impact of various propulsion and power

architectures and components on variants of
» Small surface combatants
» Medium surface combatants
» Amphibious warfare ships

Key Performance Parameters
» Lifetime Fuel Consumption
» Risk (Technology Readiness Level)

Design Reference Mission: More realistic basis for
comparison

Speed-State-Time profile vs. Speed-Time profile
Model Architecture

Note: There were other items investigated as part of the Alternative
Propulsion Study, but outside of the SeaQuest methodology.
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Alternative Propulsion Study.

L WARFARI
Scope Problem cont
n
50
44% Speed-State Time Profile - 2814.3 hourslyear at sea
40 Speed % Time at |% Time at (% Time at % Time at % Timeat (% Time at % Time at
s ColdIron |Anchor  |Condition3 |Condition3 [Condition 2 |Condition 2 Super
S 30 Alone Networked  [Alone Networked Baitle
£ 26% Cold Iron 63.34%
'—
20 Anchor 4.54%
14% W 6 0.67% 9.74% 1.93% 163%|  015%
10 0.00% 157% 2.57% 195%|  015%
L 5% 15 4.41% 0.00% 0.87% 050%| __ 0.15%
20 0.00% 0.00% 1.79% 123%| __ 0.15%
0 MC 0.00% 0.00% 1.28% 124%|  015%
8 13. 17.8 22.5 28.4
Speed (Knots)
State determines equipment line-up -> ship service electric loads Percent Total =

1) EC-PGM

2) EC-AGM

3) EC-SSGM

4) EC- HV Converter

5) ED-HV Bus

6) ED-LV Bus

7) Segregated orntegrated
8) ET-Primary Drive

9) ET- Secondary Drive
10) HV Load

11) EC- LV Conversion

12) ES- Pulse Power Supply
13) Ship Service Loads

14) ES-Fuel

15) TG- Propulsor

16) ES/ED- UPS

16 node Generic Model Architecture
can represent Mechanical, Electrical
or Hybrid Drives by eliminating nodes

and swapping out components
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Alternative Propulsion Study.
Sensitivity Analysis and Trade
Space Exploration

e Design of Experiments (DOE)
» Over 250 engine combinations

» 81 data points for Speed-State-Time profiles
e Measures of Performance (MOP)
» 3 MOPs based on

= Yearly fuel consumption -2 0

= Machinery weight = T ¢ |

= Shaft horsepower = T o =

= Ship speed ; J j =
oy
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Alternative Propulsien Study
Sensitivity Analysis and Trade

Space Exploration cont.

System Weight vs.
Total Fuel Consumption

00000

b 3
<
.

—’/'

Diesel -Diesel Combos

GaS Turblne - 500 / \
Dlesel Combos 0o 00000000 o0 150 000 \ 000000000 000

Fuel Consumption

Knee in the Curve — Gas Turbine —
Technology Gap Analysis Gas Turbine Combos
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Philadelphia

Plots  Help

@ [ [
Goals | Requirements
Descriptian
Use this dialog ta specify your design

ko minimize or maximize any variable,
be assigned an impartance level {0 ta

[[] Highlight pareto desians
[[] Show anly pareta designs

[] shade designs by rank:

Best I I

4 ¥
Close

Alternative Propulsion Study.

Sensitivity Analysis and

rade

Space Exploration cont.

Controls
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Systembhieight

System¥alume
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CESD 2008 - Early Stage Evaluation of Shipboard Systems using SeaQuest

hdinimize

hinimize

Minirmize

Minirize

hfinimize

hdinimize

Minirmize

Help

Mapping | Cptions

Glyph Plot : D:\Applications\CNO_Update\CNO Study 1027_MFI. pxc

X - fxis

TotalfearFuelZonsump. ..

Y - Axis

Systemweight

Z - Axis

Systemyolume

Size:

Constant

Color

Preference Shading

Orientation

Constant

Transpatrency

Constant

Update Flot

b s

[CIE]

[CIE]

v

[CIE]

[CIE]

[CIE]

12



PDDG 51 Enerqgy Efficiency Study.
Scope Problem

e BAA Request for Proposal Fuel Efficient and Power
Dense Demonstrator for the USS Arleigh Burke (DDG
51) Flight 1A Class Ship

» Improve fuel efficiency

» Increase available power generation
e Key Performance Parameters

» Return on Investment (ROI)

» Lifetime Fuel Consumption

» NRE Cost

» Impact on Availability
e Model Architecture

> Mechanical Drive

» Hybrid Drive
= Electric Propulsion System (EPS)
= Propulsion Derived Ship Service (PDSS)
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NAVEEA PDIDG

WAFIFAHE CENTEFIS

Philadelphia

Propulsion
Load

Mechanical Propulsion

Energy

CESD 2008 -

Energy
St?!?l_ge Ship
Service
L Load
From Ship From Ship
Service Service
System System

Electric Propulsion

Energy
Stor age

Ship
: Service
Load
LI

To Ship To Ship
Service Service
System System

Propulsion Derived
Ship Service
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NAVS

Philadelphia

DDG 51 Energy: Efficiency Study.
Sensitivity Analysis and Trade
Space Exploration

TIGER Output
Full Name ROI.OneShip [ ROI.OneShip.Cost [ NRE.TotalCost | Fuel Savings | Electrical Ao
Percent
Deviation from
Years Dollars Dollars Barrels/Year Baseline
Single Generator Ops -
No Technology Added 0 $ $ 7,500 -13%
Hybrid Drive and Energy Storage
y . : 4-5 $9 - $12.5M $39 - $55M 14,500 0%
Energy Storage (Chemical)
6-10 $5 - $12.5M $13 - $73M 7,500 0%
Hybrid Drive
7-9 $9 - $12.5M $43 - $60M 8,400 0%
Energy Storage (Flywheel
gy Storage (Flywheel) 11-19 | $14-$32M | $44 - $62M 7500 0%
Bottom Cycle
i 15-17 $58 - $82M $100 - $140M 22,000 0%
High Speed Generator
with Energy Storage 24 - 26 $36 - $48M $70 - $98M 7,500 -1%
CESD 2008 - Early Stage Evaluation of Shipboard Systems using SeaQuest 16




Status

e Scoping studies
» CGX studies (power & propulsion architecture studies)
» Compact Power (ship impact studies)

e Refining, improving models & database
» SWBS based database
» Power quality models (e.g. THD)
» System cost interactions (e.g. denser electronics -> more cooling)
» Automate Reliability Block Diagrams

e Adding & developing new models/components
» Thermal loading
» ASSET (i.e. ship design)
» MySQL wrapper

e Implementing process controls (e.g. standard variable
naming conventions, configuration management)
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17



msy- SeaQuest Model Development & Integration

WARFARE CENTERS
Philadelphia

SeaQuest

(Integrated in ModelCenter) _ :
Ship Design

Power/Propulsion
Systems
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Philadelphia

Mirror g L
Video Projector w The CAVE

Mirror Mirror

o |

=

il
Video
Projeclors

Mirror

Sim/Stim
Interface

Hardware-in-Loop

Visualization Tool i
Sua ato 00 COTpUt_atl?,nal Simulation/Stimulation
-3D_ Immersive, Interactive Eng Ine ST,
Environment (CAVE) «Grid Computing High «Provides ability to “insert”

Performance Distributed hardware into virtual system

Processing Clusters
eMultiple Language support -
(DHS-like)

A
Human-in-Loop

*3D Immersive,Interactive
Environment (CAVE)

*HW Simulators

eActual Systems
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