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Motivation

Design Space Study 1 Design Space Study 2 Design Space Study 3 SyntheSIS MOdel based Des'gn Optlmlzatlon

*  Great for finding the right part of the design
space to look for a solution

 Low level of modeling detail
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« Great for refining a design that nearly meets Structures
all requirements, or for optimizing a design

e Can support high level of modeling detail
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Motivation

Design Space Study 1 Design Space Study 2 Design Space Study 3 SyntheSIS MOdel based Des'gn Optlmlzatlon

*  Great for finding the right part of the design
space to look for a solution

 Low level of modeling detail

Set Based Design

» Great for finding a converged design
solution within a defined Design Space

* Increasing level of modeling detalil
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Classic Design Spiral (Point Based Design)

»  Great for refining a design that nearly meets Strctires Hydrusictics
all requirements, or for optimizing a design
e Can support high level of modeling detail L -
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e Point Based Design?

Why not go directly to Spiral /

 Problem 1: Designing in 10
Cost 0
— Costs are committed early,

when there isn't sufficient e
information to accurately e
predict cost or performance
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meed Point Based Design?

Why not go directly to Spiral /

 Problem 2: Requirements
Understanding During Design
vs. Influence / Impact on Cost
— When knowledge is known,

remaining Management
Influence is low

Portion of
Requirements Known
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—— Why not go directly to Spiral /

e

meed Point Based Design?

* Problem 3: Ship design requires both
objective knowledge (mathematical
models) and subjective knowledge
(expert opinion)

— Objective and subjective
knowledge require domain
experts

— In real world domain experts are
not collocated

— Design enabling communication
tools are not sufficient to support
tightly coupled Spiral Design
methods
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W\ \Why Set Based Design is Useful

NAVAL SEA SYSTEMS COMM&ND

April 2009

e Delay Cost Commitment

until sufficient design
detail enables a good
choice

Maximize Management
Influence as long as
possible
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WEEA Set Based Design Process

NAVAL SEA SYSTEMS COMM&ND

Understand the design space

Define feasible regions

Explore tradeoffs by designing
multiple alternatives

Communicate sets of possibilities

Integrate by intersection

Look for intersections of feasible
sets

Impose minimum (maximum)
constraint

Seek conceptual robustness

Establish feasibility before commitment

April 2009

Narrow sets gradually while
increasing detail

Stay within set once committed

Control by managing uncertainty
at process gates
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Decide at the last responsible moment
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WEEA_ How to start Set Based Design

|dentify the different “Specialties”

|dentify key attributes that define the
“set” for each “Specialty”

 Define the Initial boundaries for each
“set

 Look for an intersection of the “sets”

e |f none exist, or the area of intersection
Is small, expand the “sets” until the
Intersection Is robust
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féE_tl_ Example of a “ Set”

NAVAL SEA SYSTEMS COMMAND

 For an Electrical Plant
— Scalable from 40 MW to 80 MW
— Common 4160 VAC architecture

— Combination of 4 and 8 MW Diesel GENSETS and 22 MW Gas
Turbine Generator Sets

— Scalable transformers for zonal distribution
e For a hull

— Scalable hull / family of hulls from 20,000 to 40,000 LT

— May also have a variable length to beam ratio and a variable
beam to draft ratio.

— May also have a variable length parallel midbody.
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\V.\z72Y Containership SBD Example

NAVAL SEA"SYSTEMS GC‘MMAND
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NAVEEA Comparing Point and Set Based

" NAVAL SEA SYSTEMS COMMAND D eS i g n
Task Point Based Set Based
Design Desion
Search: How should Iterate an existing | Define a feasible
solutions be found? idea by modifying | design space, then
it to achieve constrict 1t by
objectives and removing regions
umprove where solutions
performance. are proven to be
Bramnstorm new mferior
ideas
Communication: Communicate the | Communicate sets
Which ideas are best idea. of possibilities that
communicated to are not Pareto
others? dominated.
Integration: How Provide teams Look for
should the system be design budgets ntersections that
integrated? and constraints. If | meet total system
a team can’t meet | requirements.
budget or
constraints,
reallocate to other
teams
April 2009 Approved for Public Release
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NAVAL SEA"SYSTEMS COMMAND

Comparing Point and Set Based
Design (continued)

April 2009

Task

Point Based
De sign

Selection: How 1s the

best idea identified?

Formal schemes
for selecting the
best alternative.
Simulate or make
prototypes to
confirm that the
solution works

Set Based

Design
Design alternatives
in parallel.
Eliminate
alternatives proven
wferior to others.
Use low cost tests
to prove
infeasibility or
identify Pareto

I — === =

dominance
Optimuization: How Analyze and test Design alternatives
should the design be the design. i parallel.
optimized? Modify the design | Eliminate

to achieve
objectives and

alternatives when
proven mferior to

improve others.
performance.
Specification: How Maximize Use minimum

should you constrain

others with respect to

your own subsystem
design?

constraints in
specifications to
assure
functionality and

control
specifications to
allow optimization
and mutual

mterface fit.

adjustment.

Approved for Public Release

CAPT Doerry

14



WS_T::A

- eti—
NAVAL SEA"SYSTEMS COMMAND

Comparing Point and Set Based
Design (continued)

April 2009

Task

Point Based

Decision Risk
Control: How should
one minimize the risk
of “going down the
wrong path?”

Design
Establish teedback

channels.
Communicate
often. Respond
quickly to

changes.

Set Based
Desion

PEGE0IC —
feasibility before
commitment.

Pursue options in
parallel. Seck
solutions robust to
physical, market,
and design
variation.

Rework risk control:
How should one
minimize damage
from unreliable
communications?
How should the
commnumnication
process be controlled?

Establish feedback
channels.
Communicate
often. Respond
quickly to
changes. Review
designs and
manage
information at

Stay within sets
once committed.
Manage
uncertainty at
process gates.

transition points.
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W72 Sum mary

NAVAL SEA SVSTEMS CC‘MMAND

» Consider a large number of design
alternative by understanding the
design space,

» Allow specialists to consider a design
from their own perspective and use
the intersection between individual
sets to optimize a design and

« Establish feasibility before
commitment

— Narrowing sets gradually while increasing
detail,

— Staying within a set once committed and

— Maintaining control by managing
uncertainty at process gates.

QUESTIONS?
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