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Concept Exploration

A Understand the
Interaction of

I Cost

I Affordability
I Capability
|
|

I Feasibllity
I Effectiveness

A Provideinsight on the
value of maturing
specific technologies
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Concept Exploration Process

A The actual Concept Exploration process will be defined in the future
by the design manager based on

Tasking

T
I Avallable Tools
.
[
|

Available Data and Models

| Expertise

I Schedule o
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Tools
Data and Models
Expertise

A to enable future design managers to respond with a sound
engineering approach for ships requiring CPES, wideked to
conduct ConcepExploration.

Flexible Design Tool Infrastructure is of Great Value
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Definitions

I Requirements set + Concept of Operations (CONOPS) / Employment + Acquisition /
Support Strategy

Configuration

I A specific set of components comprising a complete system

I Many configurations can typically be developed for a given capability concept
Feasible Configuration

I A configuration that our current analysis predicts will work and meet the requirements
of the associated capability concept

Viable Configuration

I A configuration that actually works when produced and meets the requirements of the
associated capability concegt(anticipated feasibility confirmed)

I Configurations currently deemed Feasible may prove not to be Viable due to future
analysis, testing, or real world experience

Feasible Capability Concept
I A Capability Concept with sufficient feasible configurations of sufficient diversity such
that the risk that none of the feasible configurations are viable is low

Diversity
I A metric of the degree to which the feasible configurations within a design region are
different from each other

I High diversity of feasible configurations implies lower risk that no viable configurations
exist for a capability concept




Set Based Design

Consider sets of configurations (Design Space) rather than
point designs for each Capability Concept

I If there is one feasible configuration, then there are likely many
feasible configurations for a given Capability Concept

I Enough feasible configurations of sufficient diversity indicates a
feasible capability concept

Design Decisions eliminate regions of the design space; they
do not pick solutions
i 9T AYAYI0S NB3IA2ya 6KSNB || FSI dzi
I Eliminate regions that are Pareto Dominated, and remaining 1
region still has sufficient diversity

Enable different design disciplines to work in parallel

I Integrate by intersecting feasible regions as defined by multipl
design disciplines

Setsof Feasible Configurations: Not Point Designs
i . FaS AaNBLINBaSyidalidAgdS 02ail¢é
feasible configurations, not any one point design.

Pareto front
4

Hltrhly
o dominated

solutions
L]

Objective 2

.
% Highly
infeaSible

dlutions®
I Make decisions at the Capability Concept level, not on specifi Objective | >
pointdesigng5 2y Qu RSOARS 022 az22yH McKenneyand Singer 2014
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Viabilityvs Feasibility

A Feasibility does not always imply Viability this
early in the development process
I Some performance areas not assessed
I Modeling not always indicative of real world

A A configuration that is not feasible is probably
not viable either

A A Feasible Concept has many feasible
configurations with sufficient diversity
I Chances of all feasible configurations not being
AP0t S LINRoOolote 29 AT
A a SetBased Design approach is used, and
A a common mode failure is not likely
A Amount of diversity for sufficiency and
margin policy are related
I More margin means less diversity needed

I However, more margin may hide value of
technology opportunities
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I I nalyze
n . e. s
I I and Develoy Caggbility nalyze Effectiveness of
erS a e aS I g -apabili Cogfepts | Effectiveness Capability Concepts
oncepts

A

Analyze Reqguirements and Develop
Capability Concepts.

Fleet and Fe

.| Compare Cost,
dForce] Analyze  |Affordability| Pal
Capabilities Ffordabil Analyses Effectiveness,
i o B Y55 | and Affordability

(What are the QUESTIONS?)

Develop a set of Capability Concepts ones [ M | oo

Diversity Analysis

T Primary Mission Areas (PMA) o
A Major drivers

i Enabling Capabilities (EC)
A Less major drivers
Identify capability levels for each area aw
T Discrete levels of performance . Primary
PMAs and ECs should be sufficient to analyze effectiveness. capasiitos  ° suw Mission
T Enable parallel assessment of representative cost and effectiveness o Areas

Restrict total number of Capability Concepts

i Use SBD principles to minimize the set of Capability Concepts to Nsw
study.
A For Example: SSCTF reduced set from 192 to 8 UNDERWAY

i Goodrangeis between 8 and 50 capability concepts DAYS
Define other requirements

i CAESR Ot dSs 2N X e

i Provide range for the requirement ENDLRANCE susTAINED

. . . . SPEED
A Representative cost and effectiveness analysis should consider the full
range in assessing performance.

I Document in Ground Rules and Assumptions
Can conduct side studies for understanding impact of ECs.
i May be deferred until PHreliminary Design

ASW

Miw

AVIATION

WATERCRAFT

VULNERABILITY /
RECOVERABILITY



Capability Concept Definition Example

Note: Ground Rules
& Assumptions not
depicted.
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Matt Garner, Dr. Norbert Doerry, Adrian UNDERWAY
MacKenna, Frank Pearce, Dr. Chris Bassler, Dr.pays

Shari Hannapel, and Peter McCaul&oncept SUSTAINED

Exploration Methods for the Small Surface ENDURANCE SPEED
Combatant," presented at the World Maritime RANGE ENDURANCE ENABLING
Technology Conference 201ovidenceRl., SPEED CAPABILITIES
Nov 37, 2015
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SSCTF: SBased Design reduced number
of Capability Concepts from 192 to 8

Capability Concept
Mission Area Capabilities CC1 cCcz2 CcC3 CcC4 CCS5 CCéo CcC7 CC3B8

Self Defense agamnst Air,
= X X X X X X X X
Surface, Undersea Threats

Capability to detect and
engage small craft within- the- X X X X X X X
horizon of own ship

Capability to achieve mission
kill of over-the-horizon X X X X

swface targets

Capability to detect and
engage undersea threats in X X X X X
support of ASW operations

Limited capability to defend
other ships against ASCMs

Logical reduction process based on
- Analysis of Force Architecture
- Little difference in physical systems for several Capability Concepts



Requirements Traceabillity

A Requirements Traceability tools (such as
DOORS) have proven useful in managing the
Capability Concepts
I Important to configuration manage the

reguirement sets for each capability concept
I Includes all the requirements, not just the ones
that are compared. (Ground Rules & Assumptions

A Help ensures consistency within the concept
exploration process.



Analyze Effectiveness

r‘an‘tﬁ“i}gl}éé; Capaffility Analyze Effectiveness of
Concégts Effectiveness Capability Concepts
I I - Capability
Concepts
— Fleer oy malyze  |Affordability| ComPare Cost
Capabilit Anal Effectiveness,
apobilties |_affordabllity | Analyses | L SECRAER
Develop Develop
szl Representative
Costed

based on the Capability Concepts

I Evaluating sets of requirements, not
specific configurations

I If a ship characteristic significantly
Impacts the military effectiveness, it
must be defined as part of the
Capability Concept

I If a configuration meets the capability

concept levels of performance, then its_
STFSOUAOBSYSaa Ay GK

A Analysis often is classified
A Likely led by OPNAV

ssssss

@p))

cccccccccccc




Comparing Capability Concepts
Effectiveness (typically by OPNAV)

i Mission Al Mission B Mission C
*g AAA 7 7
2 |AAB 10 3
@]
O |ABA 5 4 8
£ |ABB 8 6 4
2 |BAA 6 8
< |BAB 9 4
O
BBA 4 5 9
BBB 7 7 5

Performance / Effectiveness Metrics
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Develop Feasibl€osted
Configurations ..

Alv

nalyze Effectiveness of
Concepts Effe Capability Concepts

A Use synthesis tools to produce many diverse configurations for each 7 o
capability concept.
I SSCTF produced ~10,000 feasible configurations per capability concept
T Use methods such as Monte Carlo to create configurations

I Configurations should span the impact of requirements not fixed by the
capability concept and not yet decided upon.

Compare Cost,
Effectiveness,
and Affordability

Capability
Concept Costs

Diversity Analysis

| 1dentify Technology Risks and
Opportunities

A For example: single and twin shaft propulsion. E§ o >
Conflguratlons represented by fixing valuesvf r a group (vector / lis 2, °"" i
I NINJ K of Suv 27 SaAdy Ol NJI ;i i
A Evaluate conflguratlons for feasibility. i F,.,.,,...., {
i LYO2N1LIRN}IGS a Ylye FSIFaAoAftAde g >0
i As the rigor of feasibility assessment increases, and as the degree tha e ¢
criteria are exceeded increasefe more likely feasible configurations
_ will be viable. . _ _ SSCTF Conflguratlon Production
I Insight can be gained from configurations that are not feasible. s = I
(Technology Opportunities) v | O ; 1
A Develop cost estimates for each (feasible) configuration. : | 8§ o
i Acquisition costs (including Combat Systems) 1 HEeE P
I Operations and Support costs w8 [ QT e
i Total Ownership costs 1 - BERD - ¥
i Include uncertainty of the cost estimate mE o 8 18-
e 7| S5 3| ©
al 8 g
c1 © 2 @ e
ou 2O
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Capability Concept Visualization
Example
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Capability Concept Visualization
Example (continued)

Acquisition Cost

Displacement

Green = Feasible
Yellow = High Risk for Feasibility
Red = Not Feasible
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Capability Concept

Feasibility Evaluation (ACV)

14 Troops; 14 Troops; 17 Troops; 17 Troops;
Capabilities "A" Direct Fire "B" Direct Fire "A" Direct Fire "B" Direct Fire
Protection Protection Protection Protection
"C" Under-Blast . .
. . . High Risk
Protection; Feasible Feasible Feasible E g ibilit
Weapon "X" easliollity
"C" Under-Blast . .
. . . High Risk
Protection; Feasible Feasible Feasible F g ibilit
Weapon "Y" easiplility
"C" Under-Blast . .
High Risk : . :
Protection; F g inilit Not Feasible Not Feasible Not Feasible
Weapon "Z" eSS
"D" Under-Blast . .
High Risk : : :
Protection: - g ibilit Not Feasible Not Feasible Not Feasible
Weapon "X" easiility
"D" Under-Blast . .
High Risk : . :
Protection:; = g ibilit Not Feasible Not Feasible Not Feasible
Weapon "Y" easiility
"D" Under-Blast
Protection: Not Feasible Not Feasible Not Feasible Not Feasible
Weapon "Z"




Develop Representative Costs

A A representative cost is

developed for each capabillity

concept based on the set of
feasible configurations.

A Representative costs should be |

comparable among different
capability concepts.
i Diversity Metric is an enabler ¢

A Representative costs should be: |
presented as ranges

nce above Threshold

I Uncertainty in technical solution 13
I Uncertainty in cost modeling How far to move the line?
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What Is a good representative cost?

Answer: The lowest costith a low riskthat all feasible
configurations with a lower or equal cost are nadble.
(or alternately, the lowest cost where there is a high probability that
at least one feasible configuration of equal to or less cost is viable)
The riskcan beevaluated via a Diversity Metric

If this configuration ~ Many Even more

is Viable, then thisconfiguration configuration
is the ideal options for ~ options for

representative cost this cost this cost
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Diversity Metric

A Measures how different the feasible
configurations within a set of configurations are
from each other

I Higher diversity implies a lower risk that all feasible
configurations below a specified cost are not viable

A.aSR 2y I aSiad 2F 4&G5A
il 4dzoaSi 2F GKS a5Saaridy
i Aligned with degree of risk



Diversity metric used in ACV stud

Relative Diversity (Dy) for TS08 Optimization Study (Aug. 16™, 2013)

4000

3500F

3000F

2500F

Mass Margin (Ib, )
o
8

1000

Red is lower diversity ”

2000F

or

Green is higher diversity
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Comparing Capability Concept Co:s

3

25 —

20 . l
= L
O L .

15
3 L]

o

5

0 T T T T T T T

AAA AAB ABA ABB BAA BAB BBA BBB

Compare ranges of cost
Do not compare point designs!

Cost Ranges account for uncertainty in technical solution (set of feasible points) and
Cost Estimating Relationship (CER) uncertainty
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ldentify Technology Risks and
Opportunities

A Analysis of configurations and
diversity identifies technology
risk and opportunity
possibilities

A An Innovation Team can use
these insights to seek out
promising technology
opportunities.




Insight

L]
2

Lowering Threshold
(constraint) enables
cost reduction or
possibly increasing
capability

Performance above Threshold©
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Technology Opportunity (ACV)
a‘,‘ S A L. I | 1‘

ACV Hydrodynamic Test Rig (HTR)

Bow Plane Extension
Alternative Track Cover f;%
Aft Lifting Body :“-\’\_.
. (@)]
Need to test at fukscale to confirm £ / =
Speed
Model Testing: Aft Lifting Body Reduced Dra
Approved for Public Release 26
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Using a Diversity Metric to identify Ship
Design Technology Risks and Opportunitie

Number of
Configurations tc
meet Diversity
Diversity Variable criteria

AAW suite

SUW suite

ASW suite
Weight Equation

Deckhouse Materia 57 Risks and
T Opportunities:

Concentrate near
: : — term design

Main Engine Power 153 activity on
Hogging Constant 164 o understanding
these options

Propulsion
Architecture 119
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Assess Affordability

A Establishing value of
capability with respect to
cost

A Part of Portfolio Analysis
I Navywide
considerations

A May include user
feedback to prioritize
capabillities
I Resource constrained

war games

ssssss

ACV Workshoponducted at Ellis Hall
on 911 July2013 to gain feedback



