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'Technologies & Customer Base

e, System Readliness & Sustainment Technologies

Readiness & Sustainment Technologies

Complex Systems Modeling & Simulation e Integrated Logistics Support

Life Cycle & Total Ownership Costs Analyses e Technology Management Optimization
Design for Reliability/Maintainability e Asset Acquisition & Mission Planning
Prognostics & Health Management (PHM) e Risk Assessment & Risk Management

Technologies Support Broad Customer Base

Semiconductor

Defense Boating

Coal-Fired Power Power Electronics

Tools & Technologies Validated Through Broad Use () N

Petroleum Aviation Automotive Nuclear Power



%,_ Sandia National Laboratories
stem Analysis & Optimization Capabllltles

System Readiness & Sustainment Technologies

e ProOpta™ — A Life Cycle Analysis & Optimization Decision Support Tool
— Can be used to optimize design trades & resource allocations across weapon systems
— Capability for optimizing multiple performance objectives over multiple weapon systems
— Ability to optimize new technology insertions and fleet upgrades & retrofits

e Support Enterprise Model (SEM) — An Enterprise-Scale Modeling &
Simulation (M&S) Decision Support Tool

— Integrated modeling of a worldwide support system
— Ability to model affects of dynamic changes throughout life cycle
— Can optimize support structures and operations across enterprise

e Technology Management and Optimization (TMO) — A Technology
Management Tool for facilitating and optimizing technology insertion

— Include management of obsolescence, diminishing manufacturing sources and tech refresh
— Allows for a proactive vs. reactive approach for tech refresh
— New approach for optimal tech refresh & tech insertion over systems life cycle

e System-of-Systems Analysis Toolset (SOSAT) — A System of Systems (SoS)
M&S Tool for analyzing integrated system-of-system scenarios

— Accounts for a portfolio of systems
— Allows linkages and shared functionality across systems
— Capability for evaluating impact of new technology insertions at a SoS level

Sandia
Nt



A 4 . .
- ProOpta™ Life-Cycle Analysis Tool

System Readiness & Sustainment Technologies
SNL’s Unique ProOpta™ Systems Analysis & Optimization Software

Ensure that your system’s reliability & readiness
objectives will be met early in the design

Use of ProOpta™ during the design phase can help ensure that }' JLF X
system performance objectives are met and that potential - bt
problems are identified and solved before prototypes are built. QM

Semiconductor Industry
Design-for-Reliability Program

_ L= fl Optimize the allocation of your system’s requirements
= 6> . to ensure system performance at minimal costs
' Use of ProOpta™ during the development & demonstration

phase of a system can help ensure system requirements
Airborne Laser (ABL) are optimally allocated to subsystems & components.

Reliability Optimization Program

Optimize your system’s upgrades & life extension
for enhanced readiness & sustainment

When system upgrades and life extension are being
considered, ProOpta™ supports cost-benefit trade
studies to optimize upgrade life extension strategies. Apache Recapitalization
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7" Ppetroleum Industry bp

System Readiness & Sustainment Technologies

Analyzed & Optimized the Reliability & Quality of Direction@
Down-Hole Drilling Systems used by British Petroleum (BP)

Questionnaire -
Factor Phase 1 - Concept / Feasibilit
TIECTITC JOaTS TOT TITe SUUTPTTETT aTe eSTanTISTIet = ey are Ueveropen _— e s s s s
with consideration given to their attainability, the support and r . 1 - Rt
11 resources required to attain them, their acceptance by those involved Ot h etl Ca T o
: . B k X
IR LTS SEPSAE e s e i Hyp L .
basis on which they are determined? T - 7y I
the goals. It defines the activities, resources, schedule, procedures, I B est I n WO rI d

Once the goals are established, a program plan is developed to meet
and organizational interfaces required to meet the equipment goals.

12 Q1.2a:” Does your company develop a program plan for equipment

and if so, can you describe how it was developed and implemented?

Q1.2b: Can we get a copy of the program plan?

Only technologies that have attained a minimum technology S [ =
13 readiness level are considered for inclusion in equipment design.

Q1.3: Can you describe your company's processes for determining
when a new technology is ready for consideration?
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The Assessment Methodology T




}"'Customer/Supplier Dynamics _ bp

System Readiness & Sustainment Technologies

The “System” for our Project...

Rotary Drilling Rotary Drilling Energy
System Component > System | [ Production
Companies Companies Companies

General Halliburton

Electric - Sperry - EXXON

- Baker British

NOVA = Hughes of Petroleum

Other Other
Component » | Schlumberger > Production
Suppliers Companies

Sandia
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7 Baker Hughes AutoTrackes:

. System Readiness & Sustainment Technologies

The Focus...

Steering Unit Sensor Module Bi-directional Comm. &

Inclination Pressure Resistivity Directional Power Module
1.0m (3.1ft) 4.7m (16.4 ft)  6.1m (20.0ft) 7.8m (25.6ft)

l o l l

ATK G3 BN | BB

Gamma Vibration & Stick-Slip
5.0m 16.4ft) 7.8m 25.6ft)

...,AutoTrakeC3

Analyzed & Optimized the Reliability & Quality of Baker-
Hughes Rotary Closed Loop Drilling System used by British
Petroleum (BP) in their directional drilling programs

bp
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Baker Hughes AutoTrackes:  geag

e, System Readliness & Sustainment Technologies _—u%

World-Wide Reliability Network
EARC
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'Baker Hughes AutoTrackes:  grow

= System Readiness & Sustainment Technologies BAKER

HUGHES
World-Wide Reliability Network

MEAP Region
with
Reliability Eng.
& Application Eng.

EARC Region
with
Reliability Eng.
& Application Eng.

Central Support Functions
Celle / Houston

Product Reliability Eng.
Application Eng.

NAR Region
with
Reliability Eng.
& Application Eng.

LAR Region
with

Reliability Eng.

& Application Eng.
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:;Sfpport Enterprise Model (SEM);

System Readiness & Sustainment Technologies v
A Unique Modeling, Analysis and Optimization Decision Support Tool
Integrated Modeling of = o Benefits
Worldwide Support System P
«Operations
*Supply/Repair Chain
*Transportation

Ix“-\ *Real-time strategic planning
. *Dramatic risk mitigation
. “eUnparalleled resource management

oooa “oooo

: Total Support System
Dynamic Changes Throughout QTR Perfouiliee e

System Life Cycle
*Fleet build up & retirement
Site activation/closure
*Deployment/Surge

*Full on/off system support activities
*Prognostics & Health Management
*Global optimization across enterprise

Capability to Model A Complex Worldwide Support System! () i



J‘gl\/l: How Used on JSF Progra

w= System Readiness & Sustainment Technologies

e JSF used SEM during Proposal & CDP to:

— Demonstrate Performance-based Logistics (PBL) capabilities |

— Determine JSF Life-cycle Costs (LCC)

F-35 Lightning 11

e JSF is using SEM during SDD phase to:

Enterprise Modeling & Simulation

— Enable determination of ‘best value’ JSF business approach (BA)
— Verify effectiveness of Autonomic Logistics System

— Analyze impact of Prognostics & Health Management (PHM)

e JSF will use SEM during production and operation phases to:
— Assess performance/cost during implementation of JSF BA solution

— Monitor performance/cost for global JSF fleet sustainment throughout life cycle

LM Anticipates >$9B in Savings & Risk
Reduction from use of SEM on JSF

Sandia
laboratonies



T~ .
‘p‘ Sandia PHM Research

System Readiness & Sustainment Technologies

e Nuclear Power Plant “Smart” Equipment

— DOE Nuclear Energy Research Initiative (NERI) with
MIT, etc.

— Introduce PHM to selected power plant eqmpment

e Manufacturing Facility PHM
— DOE funded program
— Implement PHM in
manufacturing facility

e Machine Tool PHM

— DOE funded program
— Implement PHM on SNL machine tools

e F-16 Accessory Drive Gearbox (ADG)

— Joint program with LM Aero
— Extend replacement intervals

e Airborne Laser (ABL)
— Program with MDA and Industry | ¢ it
— Implement PHM on fluid flow systems (COIfi) k\;
e MEMS-Based PHM for Internal Combustion

Engines
— Predict failures in internal combustion engines and
other rotating machinery
— Low footprint PHM hardware & software solution

Manufacturing FaC|I|ty PHM




:;,7 TMO Technology Management
Optimization Tool

w= System Readiness & Sustainment Technologies

e Problem: Identify the most effective set of technology
management actions over a given set of time periods

e TMO: Optimization based planning tool that finds the set of
technology management actions over specified set of time
periods that maximize system performance within given

constraints

Tech Refresh
New technology to mitigate parts obsolescence while
keeping the same performance levels

New technology to enhance performance
or add a new capability

0 5 10

System Life Cycle (Time in yrs)

TMO determines the
optimal set of Technology
Management activities
based on user-defined

l D ID D l D objectives and constraints

15 20

Drivers
Parts obsolescence
Diminishing manufacturing
Increase life of system

Legend

. Tech Refresh Points

Conceptual Tech Refresh/insertion Points

Sandia
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Running TMO

TMO input data can include reliability measures (availability,
MTBF, etc.), performance measures (targeting accuracy,
range, etc.), and system constraints (cost, weight, size, etc.)

Edit Model “PC Modernization™ - [Edit Components]

= EditModel Setlings
Al
= EditComponents

= EditModel Fundions
= Equations
Visualize Contributions

Reliabiity Measues
Performance Measures

= EditConstraints
Al

= EditTechnology Options
Al
iews Equation Modifications

g

Maamommm. " ata of JLGA Single Objoctive Moset Optinianr - 1Bix|

IE3

Notes

a0 e[ apaiEm-Ee-%De s 8@

v

Mol Cost Corstraint “Cost

A —
N7

TMO uses a robust suite of
genetic algorithms to solve the

optimization problem

mEnce Mesture “Cumulative MOP Value® of Madsl Funcd

B [ anually Modified Solutions of "JEGA Single Objective Model Optimizer” EEIX

A8
Confiution |1 v Firess | 2151 [ EdiCuren Soluion Manualy |
Jl.r'\.—. ] .
Summary || Scheduled ] Parali| Coordinates | Function Relistiity Contibutors | Response Function Satisaction | Resource Plots | Dependencies |
1 [ER 7 S 1 . a2
# | Option Name ¢ e e
[t e e e o e I
Faster Fiocessing dcore 26 GHe foore 326He+ new PS
Ap
e Frimary Hard Disk 200 GB (Baseline] 1T diive
Beter Monir 4L
AddDVD D Flayer Baseln] ‘ Add BhiRay plyer
Faster Itemet cable 100Mb/s
Secondaly Hard Disk Nore (asel ‘ NG dive
4 Optimal Technol M ment
n ptimal 1echnolo anagemen

allows proactive decision-making
and saves money
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}'TI\/IO Results

Configuration |1 v|  Fimness 408112

Manually Modified Solutic

Summary | Scheduled || Parallel Coordinates | Function Reliability Contributors | Response Function S atisfaction

e

Summary | Scheduled | Parallel

Bazeline Walue | Improvement Type | Limit | Objective

= Intemet Research
Cumulative MOP Yalue [Mb/s)

(0.277532 Marimize 5 500

In addition to a schedule, TMO output includes
reliability contributors, margin of satisfaction of
the objectives and constraints, and a visualization
method that allows the user to interactively
manipulate the multi-objective results

Function |Operability

" Annual Downtime [Hours/Y ear]

TR o Tems B UREy |20 Soenang 2 Descendng

" Bvailability (%)

Unarvallabilly | Downtime | Falure Rate

* Mean Downtime [Hours/F ailure]

" Mean Time Between Falures [MTEBF) [Hours]
(=) 3D Graphical Maodeling

Cumulative MOP Yalue (Effectiveness)

* Annual Downtime [HoureMrear]

" Availability (%)

" Mean Dowgt

RLEEURNT (B Manually Modified Solutions of "JEGA Single Objective Model Optimizer"
(= Intensive Comg

4.93676 Mavimize 10 50
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7 What Distinguishes TMO

. System Readiness & Sustainment Technologies

e TMO includes time period and time horizon in its optimization—
allowing creation of an optimal Tech Management schedule

e TMO can consider dependencies between Tech Management
options

e TMO has the flexibility to handle multiple, diverse Tech
Management options at the same time

— €.g., maintenance manpower requirements can be compared to upgrading
the reliability of certain components

e TMO allows user-defined objectives and constraints, including
scheduling risk

() e
National
laboratories



J’gpport to Army’'s FCS Program.............

BRIGADE COMBATLTEAM
One Team-The ArmyDefenseindustry

Unmanned Aerial Systems (UAS)

System Readiness & Sustainment Technologies

Manned Ground Vehicles (MGV)
Infantry Carrier|

Vehicle (ICV) Class | UAV Class IV UAV
Ay
e Challenges: I 1l
. System (MCS)_w
ao

—_ NeW SyStem 'Of'SyStem S (SO S) AR%ZEEZI.%EI:%? é 1_,___!;_,___Iuna“in$;d Groz_r;c(lsSSystemsh(UGS)
: .—_.A‘i ;lfj'n 4

concept of warfighting «"—‘

— Lack of SoS analytics to make  jennea """ g
IS HEIR TN
decisions e

— Critical SoS M&S capabilities 1 T

Non-Line of Sight
Launch System

Tactical and Urban 5
Unattended (DS
Ground Sensors
Unmanned Ground Vehicles (UGV)
MULE.C MULE-T

! Multifunction
Utility/ Logistics
and Equipment Small UGV (SUGV)

Countermine and

.ﬁl Transport ;
Armed Robotic - .’

Vehicle — Assault
(Light) (ARV-A-L)

Maintenance

needed for program success e

Medical Vehicle
Evacuation (MV-E)

FCS Brigade Combat Team (FBCT)
e SNL’s System-of-Systems Analysis Toolset (S0SAT)
— Provides unigue SoS M&S capability currently not availability
— Supporting FCS Readiness/Sustainment Requirements

— Also supporting GCS Current Force modernization

() e
National
laboratories



e, System Readliness & Sustainment Technologies
State Models |

-

e Multiple states (not just functional or failed)
e Incorporates shared functionality between systems

e Includes external factors (weather, terrain, threats,...)
e State model for every system/platform

SoS Simulated Scenario

e Utilizes:

em of Systems Analysis Toolset (SOSAT)

FROGRAMN MTAaNAGER

BRIGA L;E COMBAT TEAM
One Team-The Army'Defenseindustry

Unique State Modeling Concepts for every system

State-of-Art SoS Simulation Framework

Customized Optimization Algorithms

e Provides Capability for Analyzing:

Systems as well as Systems-of-Systems

Combat capabilities (pre, post, during campaigns)
SoS metrics at various levels of BCT hierarchy

Impacts of PHM/CBM+

CONUS Higher HGs
e P
En Route Planning o ¥,

Rehearsal Mational ISR

Legend: Interfaces
% Infra-Force

Satellite Communications =,

P

5 Interoperable

! Jaoint I5R
ET U,
Joint & rn‘l [/ VAV = —
Coaltion 2 E:..- J_ e \
Assets . 'I."z Iu |

o

S‘Bﬁa | ﬂ&

J '-’/L/

Battle Brigade

CZ Subsystem Coalition Forces at Team B

Combat Team A

Flexibility to Include:

Complex supply & support networks

Stochastic treatment of combat damage

Human performance (maintainers, warfighters, ...)

* Time-Dependent State Changes
* S0S MOEs

* Sensitivity Trades

* Optimization Analyses

=

Integrated methodology provides unique capabilities for SoS analysis ‘

() e
National
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1" Thank You

. System Readiness & Sustainment Technologies

e Questions?
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