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A OC Agenda

Incorporated

 Introduction to “Flexibility” and Navy Cost Estimate
Model

1) Using Flexible Design Features for Production &
Modernization Cost Estimates

2) Process-Based Life Cycle Savings Estimates

3) Streamlining Ship Operating Cost Estimates
Using Commercial Models

e Recommendations
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AOC Introduction: Flexibility and Ship Cost

Incorporated

* Flexibility is defined as: .

— “The ability of a ship to adapt to universal or alternate
solutions with the benefit of increased capability, reduced
cost or both.”

Description per NAVSEA Flexible Ships Roadmap 2014

ke

Adaptability Ships built with the ability to accept systems/equipment that can be removed and
replaced according to specified time/cost objectives to adapt a ship’s capabilities to a
given mission.

Modularity Ships built with standardized interfaces and modular components that reduce the

complexity of producing/integrating systems and modernizing capabilities.

Scalability The ability of hardware/software combinations to be increased/decreased to match
capability requirements of different sized ship platforms without sacrificing performance.

Payload Payload systems developed independently of ship platforms using standardized design
Commonality specifications allowing the same systems to be applied across multiple platforms.
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AOC 1) Flexible Design Features

Incorporated

e Three Biggest Cost Drivers for Surface Combatants
— Ship Construction, Modernization, and Maintenance

e Our Approach on Flexible Design Features

— Identification — Literature review, find representatives and
philosophies

— Organization — Link features to SWBS & SSCS with subset of
items

— Ship Impact — Influence on Weight, Area/Volume, Capability, etc.

— Cost Impact — Trends for Acquisition/O&S Cost Increase or
Reduction

* Results: Flexible Features Library and Summary
— A presentation of Flexible Feature Groups and their cost trends
— Databases for AoA for Cost Estimating Models
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A oc Flexible Ship Architecture (FSA) Examples

Incorporated

.:-Iii'l Il.' =", \ ll.-

Flexible Infrastructure (FI) Large Passageway & Cable Trays
(NNS photo on NMC website) (StanFlex Frigate Visit in Nov 2014)

2012/11412
\
Payload Zones/Module Stations Payload Zones/Module Stations
(StanFlex Midship Container Storage Area) (US Navy Modular DDG concept)
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Aoc Flexible Payload Module (FPM) Examples

Incorporated

Weapon Module Mission Support Equipment Module
(Common Launcher Concept by AOC) (Mobile Fuel Storage Unit by AOC)

2014/11/12 —
Weapon/Payload Modules Weapon/Payload Modules
(StanFlex Modular VLS, Photo by AOC) (StanFlex Reuses Modules, Photo by AOC)
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A oc Flexible Ship Technology (FST) Examples

Incorporated

Integrated Power System Container Mover
(DDG-1000 IPS on IEEE Spectrum) (Mobicon on LCS)

i AR RS e
Direct Energy Weapon Energy Storage Modules
(Naval Laser Gun, Photo by CNN) (TESLA on Energy Storage News)
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AOC

Incorporated

Benefits of Flexibility over Life Cycle

Flexible Enablers Production SWAP-C (Growth |Modular Payloads| Flexible Mission Open Commonality Open Standards
Modularity Margins) & Stations Space (Mission Bay)| Infrastructure
Production
AECIECCHECI) Reduced AECECCHECI Reduced Design Reduced Design ECITECE

Schedule Schedule & . . Schedule & NC k k Procurement Lead
. Integration Risks . Time Time .
Schedule Risk Schedule Risk Times
Cost Reduced Labor Increased Material Reduced Labor NC Reduced Unit Reduced Unit Reduced Unit
Costs Costs Costs Costs
Pre & Post Deployment
Reduced Training
. - Reduced - . .
Maint & Training NC . . & Reduced NC Reduced Training | Reduced Training | Reduced Training
Maintenance Time ) )
Maintenance Time
Deployment
Increased Ao - Increased Ao - Increased Ao -
Availability NC (Reduced (Reduced NC NC Common Spares/ NC
Maintenance Time)|Maintenance Time) Redundancy
Overhaul & Repair
. N *Reduced Reduced Reduced Training 1} o o
Maint & Training & Reduced NC Reduced Training | Reduced Training | Reduced Training

Maintenace Time

Maintenance Time

Maintenance Time

More Flexibility per

Reduced Unit

Reduced Unit

Cost *Reduced Labor Reduced Labor Reduced Labor . Reduced Labor Costs (Quantity
Ship Costs (Spares)
Buy)
Technology Upgrades|
. N *Reduced Reduced Reduced Training N - o
Maint & Training & Reduced NC Reduced Training | Reduced Training | Reduced Training

Maintenace Time

Maintenance Time

Maintenance Time

Reduced

Reduced

Reduced Integration

Reduced

Reduced Unit

Reduced Unit

Cost *Reduced Labor . . . . . X .
Integration Time Integration Time Time Integration Time Costs Costs

Integration Risks *Reduced Risks Reduced Risks Reduced Risks Reduced Risks Reduced Risks NC NC
Disposal

*Reuse of

. Reuse of Payloads Resue of Common
Cost Modularized NC NC NC NC
. / Reduced Labor Hardware
Equipment

Flexible Ships Applications for Future U.S. Navy Surface Combatants (Abbott 2015)




Flexible Initiatives

		FLEXIBILITY MATRIX                            		Production Modularity Design Element Reuse (1)		Production Modularity Funnctional Equipments (2)		SWAP-C (Growth Margins)		Funtional Element Zones		Flexible Design Provisions 		Modular Payloads & Stations		Flexible Mission Space (Mission Bay)		 Open Infrastructure		Commonality		Open Standards

		Germany (MEKO)										 		 						 

		MEKO 361 H2 (Argentina, 4ea, 1983-1984, 3360MT)								Yes

		F260 Braunschweig (Corvette 130, 5ea, 2008-2013, 1840MT)								Yes

		F215 Brandenburg (4ea, 1994-1996, 4490MT)								Yes

		F219 Sachsen class (AAW FFG, 3ea, 2002-2005, 5690MT)								Yes

		MEKO Ships		x		x								no		no

		F125 Class (F125, 4ea, 2016-2018, 7200MT)		x		x				Yes				x		x

		MKS180 Multirole Combat Ship (D)		unk		unk								x		x

		Denmark (StanFlex)		 		 								 		 

		P550 Flyvefisken Class (StanFlex 300 PV, 14ea, 1985-1995, 450MT)												Yes

		F357 Thetis Class (StanFlex 3000 FFG, 4ea, 1991-92, 3500MT)												Yes

		Stanflex Ships - Large Displacement		x		x		x				x		x		(Containers only)		x		x		x

		L16 Absalon Class (CSS FFG, 2ea, 2003-2004, 6600MT)						Yes						Yes								Yes

		F361 Iver Huitfeldt (AAW FFG, 2ea, 2008-2011, 6645 MT)						P, C - 50%						Yes				C Flex		80%

		P570 Knud Rasmussen (PV, 2ea, 2008-2009, 1720MT)												Yes



		Netherlands

		SIGMA Ships		x		x								option

		SIGMA 9113 (Indonesian Corvette, 4ea, 2007-2009, 1692MT)																		Yes		Yes

		SIGMA 9813 (Moroccan heavy Corvette, 2ea, 2011-2012, 2075MT)																		Yes		Yes

		SIGMA 10513 (Moroccan light frigate, 1ea, 2012, 2335MT)																		Yes		Yes

		SIGMA 10514 (Indonesian frigate, 2ea, TBA, 2365MT)																		Yes		Yes

		CROSSOVER (D)		x		x								x		x

		France

		D650 Aquitaine (FREMM Variant, 11ea, 2012-?, 6000MT)

		L'Adroit OPV (France, Gowind 1000, 1ea, 2012, 1460MT)																				Yes

		Gowind 2500 corvette (Egypt, 4+2ea, 2020-?, 2500MT)																				?

		Second Generation Patrol Vessel (Malaysia Gowind 2500 corvette, 2017-?, 6ea, 3100MT)																				?

		FREMM		x		 

		Gowind 		x		x								option

		Italy

		F590 Carlo Bergamini (FREMM-IT Variant, 10ea, 2012-?, 6900MT)		x		x

		PPA (Italy) [patrol frigate, up to 12ea, 2017-?, 4600MT] (D)		unk		x		?				Yes		x		x		?		?		?

		United Kingdom

		Type 26 frigate [Global Comcat Ship,  13ea, 2022-?, 6500MT] (D)		x		x		 				Yes		x		x		?		?		?

		 





Benefits

		Flexible Enablers                                		Production Modularity		SWAP-C (Growth Margins)		Funtional Element Zones		Flexible Design Provisions		Modular Payloads & Stations		Flexible Mission Space (Mission Bay)		 Open Infrastructure		Commonality		Open Standards

		Pre Production

		Need		Mfg Capability		Requirements						Requirements		Requirements		Requirements		Requirements		Requirements

		Production

		Schedule		Reduced Build Schedule & Schedule Risk		Reduced Integration Risks		Reuse		NC		Reduced Build Schedule & Schedule Risk		NC		Reduced Design Time		Reduced Design Time		Reduced Procurement Lead Times

		Cost		Reduced Labor		Increased Material Costs		Reuse		NC		Reduced Labor 		NC		Reduced Unit Costs		Reduced Unit Costs		Reduced Unit Costs

		Pre & Post Deployment

		Maint & Training		NC		Reduced Maintenance Time						Reduced Training & Reduced Maintenance Time		NC		Reduced Training 		Reduced Training		Reduced Training

		Deployment

		Availability		NC		Increased Ao -  (Reduced Maintenance Time)				NC		Increased Ao -  (Reduced Maintenance Time)		NC		NC		Increased Ao - Common Spares/ Redundancy		NC

		Overhaul & Repair

		Maint & Training		*Reduced Maintenace Time		Reduced Maintenance Time						Reduced Training & Reduced Maintenance Time		NC		Reduced Training		Reduced Training		Reduced Training

		Cost		*Reduced Labor		Reduced Labor						Reduced Labor 		More Flexibility per Ship		Reduced Labor		Reduced Unit Costs (Quantity Buy)		Reduced Unit Costs (Spares)

		Technology Upgrades

		Maint & Training		*Reduced Maintenace Time		Reduced Maintenance Time						Reduced Training & Reduced Maintenance Time		NC		Reduced Training		Reduced Training		Reduced Training

		Cost		*Reduced Labor		Reduced Integration Time						Reduced Integration Time		Reduced Integration Time		Reduced Integration Time		Reduced Unit Costs		Reduced Unit Costs

		Integration Risks		*Reduced Risks		Reduced Risks						Reduced Risks		Reduced Risks		Reduced Risks		NC		NC

		Disposal

		Cost		*Reuse of Modularized Equipment		NC						Reuse of Payloads / Reduced Labor		NC		NC		Resue of Common Hardware		NC

																												 

		*Production Modularity that uses modularized equipment.





Enabler Count

		Additional Enablers

		SWAP-C		50% P,C

		Flexible Design Provisions		X

		Open Infrastructure		C-Flex

		Open Standards		Commercial

		Commonality		Fleet Wide





Sheet3

										The general objectives of the Modular Ship Design concept are: (DBDT.04)

										-          reduced design and construction cost

										-          reduced design and construction time

										-          greater flexibility for updates later in the ship’s life (temporary for missions or general update)

										-          shorter and cheaper maintenance periods

										-          reduced maintenance cost However, modularization comes at price:

										-          higher initial design effort

										-          reduced design freedom (possibly retarding technological progress)

										-          usually higher weight

										-          usually increased space requirement






Flexible Initiatives
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A OC Sample ICD Station Layout

Incorporated

e Station Name:
— Name of the Individual station.

o Station Notes:
— Information about this station relevant to the Shipbuilder.

e Station Requirements:

— Contains singular requirements with a unique ID, based on the
station name

* Mission Package Guidance:
— Information about this station relevant to the Mission Package

* Table of Interfaces:
— Specific interfaces that are associated with the station

« Optional Figure to lllustrate Interfaces and Clearances
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AOC

Incorporated 2) Process-Based Life Cycle Savings Estimates

4000-ton Frigate/Cutter Dockside Modernization example:

 Replacing 7 electronics cabinets (1000 Ibs. ea) in 4 compartments
on 02 deck
 Traditional approach (used currently):
— Large pierside crane rental required
— Interior foundation installation requires hotwork
— Rigging through the BERP access hatch at deckhouse
 The Flexibility-enabled cost estimate incorporates the major
features from:

— Process-Based cost estimates based on USCG/Army /Commercial
Shipyard repair experience

— Flexibility features in the ship design:
— Flexible Infrastructure, - Large Access Openings, - Elevator,
— Vehicle Ramp, and - ICD Standard Interfaces including SWAP-C
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A Oc Electronic Cabinet Installation SWBS

Incorporated Impacts Comparison
Swap without Flexible Features | SWBS (in Traditional Approach)
Traditional installation: 900 Ship Assembly & Support Services
- no FI 150 Deck House Structure
- no dedicated access routes 180 Foundations

184 Command & Surveillance Foundations
186 Outfit & Furnishings Foundations
410 Command & Control Systems

Adequate: 900 Ship Assembly & Support Services

- passageways 180 Foundations

- wide doors 184 Command & Surveillance Foundations
- elevator or ramps 186 Outfit & Furnishings Foundations

- FI 410 Command & Control Systems
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AOC

Flexibility Savings Example on a Frigate:

Incorporated Existing vs. Flexible Process-Based Approach
tj 4000-ton Frigate/ Cutter
F¥-11 DockSide@Pac Coast Yard
420" x 55" x 39'D @ 15'draft [ SIC ODC Unit I Tot. I Tot
Ttern DE SCRIPTION ary | U | Cost Cost Cost Price Price HRS
Existing: BE RP VYertical Hatch at Deck housetop, Typical
Hor zontal P —wway & Door Width
Nowe1-900 | Temp Services, Dockside Homeport (Reaq.) 10 vk 53,650 52,278 $13,900 6235 52,343 36
Nowne 2150 | Dpening and Closing of the BERP (Shared) 475 b= 53,450 $0| 51,338 7.4 536,974 450
Howe3-184 (F&IADNS Equip Fndns at MPC Annex (1ea) 316 b= $1,477) 5300/ 5494 4473 $14,119 170
Howed 180 |F&I other Equip Fndns at MPC, etc. (Gea) 1896 E= $3,662| $1,800] $2,964 44.69 $34,726 1020
Howe5-410 |Rig. Lift & M# Handling Support on 7 Electronic 6085 b= 1,070 54,000 53,059 3.94 §23,971 27
Cabinets (o4 spaces)
Grand Total All kerms S16,150 | 58,378 |526,755 C 5122.153 2413 )
\\ _/
S ——
Flex-1-900 |Temp Services, Dockside Homeport (Opt.) 1 vk 51,060 $639 $920 TE05 57,603 7
Flex-2-150 0 ks 50 50 50 50 7]
Flex-3-184 0 ks 50/ 50 50 50 a
Flex-4-180 1] o= S0 50 50 50 1]
Flex5-410 |Rig. Lift & M# Handling Support on 7 _Electronic 6085 Ibs $1,070 50 $659 2.89 $17,57 27
Cabinets (to 4 spaces)
. ___ \_
Grand Total All kerms S2,130 |5639 81,670 ( |525,194 293)
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A0C 3) Streamlining the Ship Cost Estimates Using
Incorporated Commercial Models

e Construction Cost Estimating

- Optimization of Hull form

- Accurate Price Lists

- Manages the Center of Gravity
- Cost input variables of crew size, days underway,
lightship displacement, & fuel Costs

« Examples of ship construction using software

for Fixed Price contracts:

- Danish StanFlex Frigates ($340M each)

- U.S. MARAD National Security Multi-Mission Vessel (NSMV)
($300M each)

NSMV (by Herbert)
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AOC 3) Streamlining the Ship Cost Estimates Using
neorporated Commercial Models

 O&S Estimating Using Commercial
Models

— How a Modular Warship is Similar to a Modular
Containership

 Maximizes the number of days available “at-sea”
e Treats combat systems as modular payloads

» Calculates and tracks fuel usage, crew salaries,
readiness levels, and available “at-sea” days.
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A OC Recommendations

Incorporated

Flexibility Features Impacts on Cost
Estimating:
1. Incorporating the Flexibility Enablers

Conceptual Frigate Source: AOC

* Reduces installation time and damage to electronic equipment

« Using an ICD manages interfaces and contributes to standardized
modules

2. Developing Process-based Life Cycle Savings Cost model
 Shows savings achieved in the SWBS 900 category
 Shows time savings achieved during equipment upgrades

3. Using Commercial Software Tools to Improve Estimates on New
Construction and Operation & Support Costs

* Assists with accuracy of near-term Fixed Price contracts
* Provides data for analyzing operating costs

These methods supplementing traditional weight-based cost estimating will
provide insight to the true cost savings of using flexible features, payload
modules, and technologies.
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AOC

Incorporated

Questions?

Thank You

Conceptual Trimaran by AOC
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