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Presentation Agenda &=
=System Dynamics overview
=Ship’s Lifecycle Affordability Model (SLAM) project overview
*Transitioning early stage design data to cost estimating

=System Dynamics applications in cost estimating

=Other applications of System Dynamics
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System Dynamics Basics &=
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 Three fundamental modes of a dynamic
system (cost of acquisition and operations):
— Exponential growth (cost growth)
— Goal seeking (constraints to control costs)
— Dynamic behavior (cost oscillations)

e Elements of a System Dynamics model
— Stocks and flows (costs and cost realization rates)

— Causal loops (effect of cost driving variables over
time)
— Influencing variables (cost drivers)
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Prior System Dynamics Efforts for Modeling

Shipbuilding Related Activities

e Cooper (1980), Naval Ship Production: A Claim
Settled and a Framework Built

e Alfeld et al (1998), The Virtual Shipyard: A
Simulation Model of the Ship Building Process

e Monga, Pavender (2001), “A System Dynamics
Model of the Development of New Technologies for
Ship Systems,” Master’s Thesis, September, 2001.

e OSCAM - Operating and Support Cost Analysis
Model (Powersim Constructor)
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Navy Tools for Design & Cost Data é‘o

WWW. m

e Early Design — ASSET
* Platform Analysis — LEAPS

e Cost Estimating — SEA 05C internal

— PODAC
— ACEIT

 Lifecycle Cost Estimating - OSCAM
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Early Stage Design Data — Weights €=
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PRINTED REPORT NO. 3 - PROPULSION PLANT WEIGHT

e Design data obtained from
ASSET - Advanced Shlp SWBS ~ COMPONENT WT-MTON  VCG-M  LCG-M

. . . 200 PROPULSION PLANT 8405 494 84.05
and Su bma“ ne Eva|uatI0n . 230 PROPULSION UNITS 1017 562 71.60
. 234 GAS TURBINES 1017 562 71.60
TO Ol . 240 TRANSMISSION+PROPULSOR SYSTEMS ~ 473.0  3.11 102.10
. 241 REDUCTION GEARS 1429 383 71.54
. * 243 SHAFTING 206.4 3.09 120.87
. 244 SHAFT BEARINGS 547 282 91.76
. SyStem (SWBS) based . 245 PROPULSORS 69.0 1.94 117.47
Z : . 250 SUPPORT SYSTEMS 1620 1040 43.32
@) rg anilz at| on Of d ata . 251 COMBUSTION AIR SYSTEM 36.6 12.44 69.93
. 252 PROPULSION CONTROL SYSTEM 286 830 71.60
- . * 256 CIRC + COOL SEA WATER SYSTEM 374 334 12537
° P 'm ary COSt fe | ated d ata . * 259 UPTAKES (INNER CASING) 504 14.61 -38.45
. 260 PROPUL SUP SYS- FUEL, LUBEOIL  49.0 395 69.50
|S We | g ht . 261 FUEL SERVICE SYSTEM 126 379 64.42
. 262 MAIN PROPULSION LUBE OIL SYSTEM 260  3.66  71.60
. 264 LUBE OIL HANDLING 104 488 70.38
. 290 SPECIAL PURPOSE SYSTEMS 548 4.6 84.83
. 298 OPERATING FLUIDS 46.4 244 86.14
. 299 REPAIR PARTS + TOOLS 83 1377 77.52
. * DENOTES INCLUSION OF PAYLOAD OR ADJUSTMENTS
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Weight Related

« ASSET provides
significant additional
data for use In non-
weight related
parametric CERs

 Example — volume
requirements can be
related to system
density and complexity
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PRINTED REPORT NO. 18 - MACHINERY SPACE REQUIREMENTS

MACHINERY ROOM VOLUME REQUIREMENTS

VOLUME CATEGORY VOLUME, M3
SWBS GROUP 200 2346.

PROPULSION POWER GENERATION (PGM MODULES) 1513.
ENGINES (INCL FUEL CELLS) 1166.

REDUCT GEARS, GENS, FUEL CELL PWR CONVS 346.

PROPELLER SHAFT 149.

PROPULSION AUXILIARIES 685.
PROPULSION LOCAL CONTROL CONSOLES 68.
CP PROP HYDRAULIC OIL POWER MODULES 134.
FUEL OIL PUMPS 104.

LUBE OIL PUMPS 118.
LUBE OIL PURIFIERS 39.
ENGINE LUBE OIL CONDITIONERS 45,
SEAWATER COOLING PUMPS 177.

ARRANGEABLE AREA REQUIREMENTS

SSCS GROUP NAME

HULL/DKHS DKHS ONLY

4.31 AUXILIARY MACHINERY DELTA -642.3 0.0

4.321 AIR CONDITIONING MACHINERY ROOMS 8.5 0.0

4.3311 SHIP SERVICE POWER GENERATION 49.0 0.0
SEP SS ENGINES/GENERATORS 49.0 0.0

4.142 GAS TURBINE ENGINE INTAKES 54.8 168.3

4.143 GAS TURBINE ENGINE UPTAKES 77.3 241.3

NOTE: * DENOTES INCLUSION OF PAYLOAD OR ADJUSTMENTS



Relating Shipbuildin
ynamics Variables
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http://www.ss.northropgrumman.com/portfolio/ships64ef.html�

Relating ASSET Data to Costs &%
through Influence Diagrams

. PRINTED REPORT NO. 3 - PROPULSION PLANT WEIGHT
. SWBS ~ COMPONENT WT-MTON ~ VCG-M  LCG-M
. 200 PROPULSION PLANT 8405 4.94 84.05
. 230 PROPULSION UNITS 1017 562 7160
. 234 GAS TURBINES 1017 562 7160
. 240 TRANSMISSION+PROPULSOR SYSTEMS ~ 4730  3.11 102.10
. 241 REDUCTION GEARS 1429 383 7154
. * 243 SHAFTING 206.4 3.09 120.87
243 Shafting . 244 SHAFT BEARINGS 547 282 9176
. 245 PROPULSORS 69.0 1.94 117.47
. 250 SUPPORT SYSTEMS 162.0 10.40 43.32
259 Uptakes purchase cost . 251 COMBUSTION AIR SYSTEM 366 1244 69.93
Inner Casing _ . 252 PROPULSION CONTROL SYSTEM 286 830 7160
Installation . * 256 CIRC + COOL SEA WATER SYSTEM 374 334 12537
Align . * 259 UPTAKES (INNER CASING) 59.4 14.61 -38.45
: : . 260 PROPUL SUP SYS- FUEL,LUBEOIL  49.0 395 69.50
262 Main Erop 252 Propulsion - . 261 FUEL SERVICE SYSTEM 126 379 64.42
Lube Oil Control ‘ 234 Gas Turbines . 262 MAIN PROPULSION LUBE OIL SYSTEM ~ 26.0  3.66  71.60
. 264 LUBE OIL HANDLING 104 488 70.38
. 290 SPECIAL PURPOSE SYSTEMS 548 416 84.83
Purchase cost . 298 OPERATING FLUIDS 464 244 8614
245 Propulsors Foundations 299 REPAIR PARTS + TOOLS 83 1377 7752
u |
Purchase
cost . * DENOTES INCLUSION OF PAYLOAD OR ADJUSTMENTS
Install Installation
Test
Test
» SWBS 200 Acquisition Cost
Purchase
Cost
Foundations Purchase Cost
Foundations
Install
Install
< Test
Test
264 Lube Oil 251Combustion Air 244 Shaft 241 Reduction G
Handling Bearings eduction &ears

254 Circ & Cool
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Svstem
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Temporal Relationship of Costs &=
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Diagrams in a System Dynamics Model
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SLAM Concept - Near Term Vision &=
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e Concept as developed will provide a time phased
view of ship acquisition and construction costs

 Vision is to provide a “cash flow” view of a ship
program, rather than static, “point in time”
estimates

 |Incorporating soft factors (such as experience
and schedule effects) allows for realistic “what-if”
analyses

e Concept could be combined with other stochastic
estimating tools to generate initial values for
variables
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System Dynamics Model of Workflow
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o System Dynamics provides a method of modeling
the constantly changing environment in shipbuilding

e Potential applications in cost estimating, impact
analysis of considered process or facilities changes,
and capacity planning

« Potential for use as a Program Management tool
— Navy PEOs
— Shipyard management

Thank you Contact Info:
pcahill@kbsi.com

979-575-7149
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