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— Unmannead Compat Al Venicler Carrer (CUVX) - 2005
— Aglle Surface Combatant (ASC) - 2004
— Litteral Warfare Submarine (LWSS) — 2002,2005

— Advanced Logistics Delivery System Carrier (ALDV) - 2005

Fall — Concept Exploration
Spring — Concept Development

Lisnyk Ship Design Competition



LIM Launch Tube

Cargo Handling '
Do | miving ] |
Y eee——

https://courseware.vt.edu/users/alorown5/public/shipdesign/VTShipDesign.htm



. JJ\Jr\J\/Jr mslzumrll JUrlfJMcIEJJrJ LOOKIOVEN rme gomoeurum IMMISSSranENmImECIcielV:
madetanintematonal competitionwitnisioniicantyoilicity

s ASINEBECAME 2Ot SponSorWItaFSINAIVIENRFISOSE

== Annual; stident teams propeserooinal O@WnersiREqUIEMENLS; max 6
Students/team

\/AF first US ) sct L A OMPELten since the 1995 char N SPEASOSHI

andiscope. Winners since 1995
1995 - Newcastle upon Tyne (VT was #2)
1996 - Norwegian University of Science and Technology
1997 - Newcastle upon Tyne (UMich was #3)
1998 - Norwegian University of Science and Technology (UMich was #3)
1999 - Newcastle upon Tyne
2000 - Newcastle upon Tyne (VT #2 and #3)

2001 - Newcastle upon Tyne (VT was #2, UMich #3)

2002 - Norwegian University of Science and Technology (VT was #3)
2003 - Virginia Tech #1 - CUVX

2004 — Virginia Tech #1 — ASC Trimaran



\74 Design Research Objectives

AN CERSISIERT ormian T ane menedeieagys o making
afioreanie mult-eljecuve (S) acguisiien: decisions and
Hi2de=eiis InMeRFdomInailed design Space

- Practical ™ and  guantitatve metheds o measuiing
mIsSsion effectiveness

- Practical and guantitativer methods e measurng rsk

- An efficient and rebust method to search design space

for optimal concepts withi a range of probabilities of
SUCCEeSS - uncertainty

- An effective framework for transitioning and refining
concept development in'a multidisciplinary design
optimization (MDO).

- Use the results of first-principle analysis codes at earlier
stages of design.



Concept
Exploration

Mission or
Market
Analysis

Technology
Development

Concept
Development

Concept and
Requirements
Exploration

SCOPE

Contract
Design

Preliminary
Design

Concept
Development
and Feasibility
Studies

Detail
Design




CONCEPT CONCEPT
EXPLORATION DEVELOPMENT

NARROW
DESIGN SPACE

XPAND
DESIGN DETAIL

MULTI-DISCIPLINARY

Strategy.

FOCUSED PERSPECTIVE

DECISION

NARROW DESIGN
SPACE, REQUIREMENTS,
CONSTRAINTS

ADD SYSTEM., SUBSYSTEM
AND COMPONENT DETAIL
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S, POE, ROCS] Scenarios
Ulienm; pewWerand propulsion;
ije)p]

Buildi ship synthesis model, select moadules
Multi-objective Optimization (Hands ofil)
— No magic!

— No Imagination!
— Success depends on “Preparartion’!
Select baseline design(s) from non-dominated frontier
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S ClrentrassSErSHOINS R an e NESDayAoY aistinie=S NSy EWaIsignitineE
= Eanpdsane Lerrler@rl:ed aliiCiaiieeRUAVES
= CGruisemissilestiiomUS stupmainest ane SUIFaCEr Siijos
= SpEACE-WasEd anoioneFEEngeE alfClaitaSSEtS
s NESE ASSELS:
= AlE coStly
= PUtmany personne i namisiwvey
— Have limited nuUmMBErs; 1o J,SIOJme poSitioning and rrlI)JrJ EMpIoyment
The Unmanned Combat Al \Ver 2 (UCAV-N)'T1s a transformational technology

with the poetential to address) these problems
UCAV-Nrequires a support platform. Material alternatives imclude:
— CVNs support manned and unmanned aircraft

— Surface ship specifically designed or modified to support UAVSs and UCAVS
Alternatives include:

= Convert existing LHD or LHA class ships

= Design and build a modified-repeat LHD or LPD-17
= Design and build an entirely new class of UCAV carrier (CUVX)



VT UCAV (VI UCAV-N)

s VAFUCAVEN

N

rJr\ VI (higizspeed
antiFradiation missile)
AlVI-120' AMRAAM
Jlrlmmer

Attack I\/Iunltlon)
= Dimensions (felded):

— 9.2 m wingspam x 9.7 m
long x 4.4'm high

= Dimensions (unfolded):

— 13.7 m wingspan X 9.7 m

long x 3.6 m high _ ‘i
= Weight: 12 Mtons et




\74 ACHUISIONDECISION (ABIVI)

s Autnerzed Cencept Exploration of twer CUNX material
alternatives
—Viedified=repeat EPD=1Y
— New CONVX shiprdesign

" Guidance

— SUpport 20-SO0rIUCAVS and UAVS, providing for takeoi and Ianding,
fiueling, mamienance, Weapons:lead-eut, planning and contrel

— Provide ewn defense withrsignificant dependence on passive
survivanility and stealti

— Minimize life cycle cost through the application of producibility
enhancements and manning reduction

— Minimize personnel vulnerability in combat through automation

— Average follow-ship acquisition cost shall not exceed $500M
($FY2005), not including aircraft.

— 30 ships, IOC 2012

— CUVX concepts will be explored in parallel with UCAV-N Concept
Exploration and development using a Total Ship Systems
Engineering approach.



\74 CUVX CONOPS

" @peEraieNitoralfareasicloSesndEpentionistealiamvitinNaigi
enelrRce; mimmunrexienial stppo; anaieWimannng

=1 Providingieiralicraiv takeoiitandiancing, sueling; maintenance;
Weapons ead-euls; planpinefanc conire)

— WAVS =suiface, Silsuiface, shiere; andideepiniand suvelllance,
IECONNAISSANCE and EIECHONIC Waliale

— [CAVIPS — Ant-Submanne Wariare (ASW)rand Ant=Suriace Ship\Weariare
(ASUMY) deiense

— UCAVS -iniual/early confiict Suppression el Enemy Al Defenses (SEAD);
Stirke and minmng

= Operate Independently or i conjunction With small Surface Attack
Greups

= Capable of performing Unebtrusive peacetime presemnce missions inian
area of hostility, andlimmediately responditorescalating crisis and
regional conflict

= Likely to be forward deployed in peacetime, conducting extended
cruises to sensitive littoral regions

= Provide own defense with significant dependence on passive
survivability and stealth

= Post-conflict - continue to monitor all threats
= First to arrive and last to leave the conflict area



CUNKIVIISSIONNINPES

= Conilict
— Continte ISR

SE ’\J
Viinine
— Pre-position and support UCAVS for time-sensitive air

and missile strikes (HARM and JDAM)

— SPECOPS
— ASW /[ ASuW / with LAMPS

= Post-conflict
— Continue ISR



\74 Missidn Sleaelfos (ASe)

Day Mission scenario for MCM

Small ASC squadron transit from CONUS
Port call, replenish and load MCM modules

Conduct mine hunting operations

ot
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Conduct ASuW defense against small boat threat
Repairs/Port Call

Engage submarine threat for self-defense

(8]
[a—
1
('8
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(8]
WO

Engage air threat for self defense
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— existing iorcesstructure

= MISSIGNTNEEM

— MISSIONSCENAIIOS

= m Jflr‘JJfJJ rlfJfJ Simulation or Walt gaming results

= Vaster war-gaming model?
— Many runs / regression
— Series of probabilistic scenarios
— Accuracy depends on modeling the detailed interactions of a complex

human and physical system and Its response to a broad range of
guantitative and gqualitative variables and conditions including ship MOPs

= This extensive modeling capability does not yet exist for
practical applications! — Alternative?
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DEVEICPMENIPIBCESS

OMOR OMOR "‘ OMOR
Hierarchy Weights N Function

Probabilities

Requirements and
constraints for all

designs and

Consequences

DVs Risk Index
MOPs,

Goals &

o Thresholds
Mission VOP Cost Tentative
Description Functions Model S Schedule
"‘
Hierarchy weights /N Function

Analytical Hierarchy Process (Saaty, 1996) +
Multi-Attribute Utility Theory (Keeney and Raiffa 1976) =
Multi-Attribute Value (MAV) function (Belton, 1986) or Weighted Utility Function



\I4 ROCs=NVOPRS= G & s> DVS

Threshold or

Primary MOP or Constraint C . Related DV
onstraint
MOE 1 - Steam to desizn LIOP 10 — Sprint range 1000 nnm 1500 nm DV1 — Hull form, DV2 - Displacement
capacity in most fuel efficient LOP11 — Endurance range 3500 nm 4500 nm DV1 — Hull form, DV2 - Displacement
matmer LOP13 — Sprint speed 40 knots 30 knots DV 7 —Propulsion System alternative
MOEB 3 - Prevent and control LIOP 16 — Structural vulnerability | Aluminum huall Steel hull DV4 — Hull material type
damage LOP17 — Personnel vulnerability | 100 50 DV2 — Manning and automation factor
LIOP18 —Damage stability Catamaran Trimaran DV1 — Hull form
MOP20 —RCS 7000 m3 2000 m3 DV3 — Deckhouse vohume
MMOP21 — Acoustic signature Mechanical IPS DVT — Propulsion System alternative
LOP22 — IR Signature LABI2500+ ICE DV7T — Propulsion System alternative
LIOP23 — Magnetic signature Alumimim Steel DV4— Hull material type
No Degaussing Degzaussing DVE — Degaussing system
MOB 3.2 - Counter and MMOP1? - CER No CPS Full CP3 DVE — Collective Protection System
control NEC contaminants and Type
agents
MOB 3 - Maneuver in Fequired all designs
formation

MOB 7 - Perform seamanship, | Feguired all designs
airmanship and navigation
tasks (navigate, anchor,
maooring, scuttle, 1ife boat/'raft
capacity, tow/be-towed)

MOB 10 - Replenish at sea Fequired all desizns

MOB 12 -DMaintain health Eequired all designs

and well being of crew

MOE 13 - Operate and sustain | MOP11 — Endurance range 3500 nm 4500 nm DV1 — Hull form

self as a forward deploved unit DV2 — Displacement

for an extended period of time DVT — Propulsion System alternative
during peace and war without LIOP12 — Provisions 14 days 24 days DV18 — Provisions Duration

shore-based support



Description

1 Hull forrn type Creneral rmonohull, LPD-17, WEPTH 3
2 Prisrnatic coefiicient WD - & 20
3 Ivlax section coefficient LD B9 a9
4 Displacement to length ratio ltonftd 50-90 20
5 Bearn to Diraft Fatio HD 3-5 20
& Length to Depth Fatio HD B 20
7 Aircraft launch deck? 7in 0,1 2
a8 Deckhouse wolume ratio HD 05-3 25
o & 8W systerm alternatme 1,2 2
10 | LANPS helos # 2.4 2
11 Endurarce range hrr A000_ =000, 12000 3
12 Stores duration dazrs Bl.20, 120 3
15 | Propulsion systern alternatme 1-14 14
14 | Slop marning and antomation factor HD S-110 5
1% | Hull stracture type type Corsventional, ADH 2
16 PS5 extent Horne, partial, full 3
17 | ULVs # 5-20 15
12 | UCAVs # 10-30 2
19 | Awviation manning and antomation factor | HD S-1.0 o
20| Shop aircraft fuel LIT/OCAY | 30.-60. 11
21 Shup awrcraft weapons LITIOJCANV | 5-15 10
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Mizzion Type

b 20

Focused MCM in CSGAESG ar
A5C Squadron Operations

Mizzion Types

Add

Remove

Rename

Edit

Mizzion Capability
CatagonezMizzion

Capabilitie=

Add

Remove

Rename

MCM Littu:uraISLIW| Littc.ramsw| Inherent and
|hdeoendent
Mizzion and Suztainability  Maobility Wlnerabiliby Suzceptability
Active Defense
R Ch S print -Sprint -Sitructural RS
Ranage Speed
5 L - Fndurance  Agility - Hedundanc Acoustic
Range Signature
L850 L Frovizions L Lraft L Ferzonnel L H
Signature
ELA - Operational —Loiter L[l amage L agrietic
A ailability Seakesping Stability Signature
Y Support BSemvice Life Wlruize L CBR
Seakesping
L& wiation
Suppart
wf atercraft
Suppaort



MOP 1 - Core MCM

Compare the relative importance with respect to: MCM Mission \ Mission and Active Defense | MCM

MOP 2 - MCM Modules

MOP 1 - Co MOP 2 - Mt MOP 3 - LA MOP 4- Sp MOP 5 - VT MOP 6 - C4
Core MCM 2.0 2.0 2.0
MCM Modules
LAMPS
Spartan
VTUAY
cA4i

& Questioname
[Huestionaire

Haw di the following Miszion Types compare’?

1=ecqual 3J=moderate 5 =strong ¥ =wvem strong 3 = extreans

8| 8] 7| 6] 5] 4] 3] 2| W 2| 3] 4] 5] 8] 7| 8] 3]
8| 8] 7] 6] 5] 4] 3] 2| W 2| 3] 4] 5] 8] 7| 8] 3]
8| 8] 7] 6] 5] 4] 3] 2| W 2| 3] 4] 5] &] 7| 8] 3]
8| 8] 7] 6] 5] 4] 3] 2| W 2| 3] 4] 5] &] 7| 8] 3]
8| 8] 7] 6] 5] 4] 3] 2| W 2| 3] 4] 5] &] 7| 8] 3]
8| 8] 7] 6] 5] 4] 3] 2| W 2| 3] 4] 5] &] 7| 8] a]




Synthesis with respect to:

Goal: Maximize Overall Meazure of Effectiveness [OMOE]

Owerall Incr ey = .04

MOP 1 - Core MCM

MOP 2 - MCHM Modules

MOP 3 - LAMPS

MOP 4 - Spartan

MOP 5 - VTUAY

MOFP & - C4l

MOP 7 - Core SUW

MOP 8 - Core ASW

MOP 9 - Core AAW : 1
MOP 10 - Sprint Range : 0.9
MOP 11 - Endurance Range 08
MOF 12 - Provizions

MOF 13 - Sprint Speed
MOFP 14 - Draft

MOP 15 - Loiter Seakeeping
MOF 16 - Structural

MOP 17 - Personnel ) 03

MOP 18 - Damage Stability 0.2

MOP 19 - CBR 0.1

MOP 20 - RCS i 0

MOF 21 - Acoustic 43 44 45
MOP 22 - IR : Vs (knots)
MOP 23 - Magnetic 030

0.7
0.6
VOP13(Vs) 0.5
0.4
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(OVOR)

UNOErsianc iechneiogy  allermatVves; shiprrequirements;
SCNEQUIES anefcost EStIMALES. SEt ENECLVENESS and
PEMOIMANCE MENES] 0oalS anaftnireshoelds

SEIECT Shijprdesign varanies (DVS)rand Process) Vallanles
(P\/S)

ldentity. | oxer tiall er alieasianc 0 eventsiassociated with

e A' ariaple option. Bulld a risi

fegister (spreadsheet)

Assign probabilities (P) and conseguences (C) to each
risk event.

Calculate a risk rating (R) for each Risk.
Define the overall measure of risk (OMOR) function
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VEastie o CoNSEUENCE

Level

Given the Risk is Realized, What Is the Magnitude of the Impact?

Performance, C;

Schedule, Cy.

Cost, G;

Mmimal or no impact on

Minimal or no impact on

Mmimal or no impact

0.1 specific MOP total ship design or produc- | on total objective cost
tion schedule
Acceptable with some Additional resources re- <5% increase
03 reduction in margin quired; able to meet need
dates
Acceptable with signifi- Minor slip n kev mile- 5-7% increase
0.5 cant reduction in margin stones; not able to meet
need date
Acceptable; no remaming | Major slip i kev milestone 7-10% mcrease
= margin or critical path impacted
0.9 Unacceptable Can’t achieve kev team or >10% increase

major program milestone
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Likelihood Level

Highly likelv




CUNXRISKIREFISIEL

Dy

Risk Frent

SWBS Description E, Risk Description
Perinheral Will require use of VL3 or
Lrymatnent | Performance DV inS 1 Failure of PYL3 EDIV test B& N with irpact on flight deck | 03 | 05 [ 015
and hangar deck area and ops
Hul | Performance py, | Wronil g | Unable o ascimetely precic Eglemr'?mdm e 02 |0z | ooe
: Integrated Desveloproent and nse of New equprment and systerms
S il D¥a nower systern *3 | pewlPS systern will harve reduced relishility e
Hull Perfo . oy WETH hull 2 Unable to accurately predict | Will over-predict sustaimed 02 | os 01
! form sustained speed resistance speed. ' ' '
Unable to accurately predict : :
Hull Performance DV, sz Enh“ﬂ 2 | WPTH seakeeping Ezﬁ?ﬁ%gﬁ”m“ willwot | o5 g5 | 02s
perforrnance P
Unable to accurately predict .
Hul | Performance Dy | WEIRRML 5| WETH extreme rotions and | Dt stability perfonuance )\ g7 g7 | g9
DI stability not be accep
Separate Eﬁﬁﬁgﬁuthggus e
Hull Ferforrnance LV Jamnch deck 1 Tamch and tecovers far dedirated launch deck (launch, 04 | 0 | 032
SEAD mission e
Separate C?e?’eﬁt dﬂsejj’:utltlj;ierfus e b el
Hull Performance DV hmi‘h e 1 Eumh a’iﬁ rerovery for dedicated launch deck (lamch, | 04 | 09 | 036
o AL,
Deseeloprment and
. Integrated mtegration of new IFS Urexpected problerns with newr
S e S D¥a power systern e systern will be behind equipraent and systeras U LR | SO
schedule
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VICHDESIGNNSPEICENISUENZZoN

[DEeveleped tisingr BeengS DESIgRIEXPICIEIIECHNBI0gY.

Gainra BEEFUNEESTIZNEING CREESIORISPACE

—JIcreasensIgntINLe e effeClSI ol ke Paraimeliers
= Develop better designs, simplify models

Generaie dataset using .ene oirViodelCenters iradersttudy 10o!s

Add Page ,
ACCESS toolSet from! ModelLhiciaSasalicdsds 0E

—\V/ariable Influence: Profil& e e e |

: 30 Surface Plot Carpet Plot
= Variable Importance PI@
= Main Effects Plots

= |nteraction Effects Plots ‘

— Prediction Profiler Calar Grid Contour Plat M ain Effects

[l
e e
Yanable Influence
Fraofiler




VICNDESIgRISpaCENISUaliZauon

T —aT — .-‘
MM Data Explorer (DOE): 4/30/2004, 10:36:25 H=1E3
Data Edit Page

E&E 5@  BE T e~

1 - Table | rezponze [braked01test. vehicle. stopDistance)

$17.00 1$17.75
1342007 |1.34e+007
B2 12
1407356041 | 1. 402350+ :
$17.00 §17.78 vehicleSpeed
B51/2 ,5 172
R23 23

= Main_Eﬁt: cts piztonDiam

vehicleSpeed:pistonDiam

2R —Graphucallyvnewwhlch mput
weommvencessess | [z variables and combinations of
; ; f j input variables are most |mp0 |
tireDiam:pistonDiam hF$|mpllty the tor mUIation Qf
i thlmlzatlon problems =

3 10 15 20 25 30 35 40 45 50 55 60 65 T0 ¥5 80 &5 90 95 100

Add Fage/Chart...




VG DESIon Space: Visualization

=ViairanciRieracion Efecis Pions
= GraphicallyAviewheowiRpurVaranles alieciia Selecieaioliplinvanaiele

— [Detenmine: design trends
— [Cecate ieaiens Inrine design Space: that ContaiRNPreMISING SEIUNGAS

B Data Eplorcr (DO ) &/ 3002004, 10:36:25 =0

M Interaction (combined variable) Effects

Main (single variable) Effects



EVelUienaiFEasea@piinizauon

| T RE % Global optimization scheme

Discrete and continuous design variables
Single objective optimization

— Multi-objective optimization trade-off

|l Type L = 1] =] [ .
Viadel Spa ciflcatian Senzo Type i HohApertura  High Ap 5 | | Stu d I eS
oz Spe cifloation PaliomTae [t Tresch Wefick:  Trach werds e/ -
Wodsi Deteres Tobam ke OF R s densts 4 i -

Sirgla Ana ki
Oplinezaten Frogruxe

Dbwctonzl
Optimization Frogress

Pareto Designs

Ensaion



VT VICHPDESIGRF@PIIIZEGNH
EUUIENREIEESES

= Beeing’s Design Explorer Optimizatien lloels

—Alunigue glekalisearchr epiimization algerinm tiat Intelligently:
USes

= DOE; SUegatie models, Gradieni=hased technigques

— [Designed fior computationally’ expensive analysis codes and
NOISY design spaces

— Make critical market decisions faster
= Evaluate numerous alternatives to identify the
best design

= Boeing evaluated 27,000 designs in the same
amount of time It used to take for 25 designs
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Define Fitness - Selection

Dominance Crossover
Layers Mutation

Solution
Space

Random Ship
Population Synthesis
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= Navy surface snips; submarines; return to
commercial snips
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Build baseline model using modeler
Modify using *.dat and *.out

Stretch y and z — move endpoints
Stretch z - add parallel midbody
MAESTRO optimizer

MAESTRO weight
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