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Presentation Overview

1. Reducing Total cost of ownership (TCO)
— A key requirement of the F-35 JSF
2. Existing methods for maintenance were
not sufficient
— Macro design methods
— Data driven maintenance methods
3. Breakthrough technology developed for
reliability and maintenance

— Simulation enable us to understand the

I real behavior
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JSF - Revolutionize DoD to be
Affordable

* Transformational Weapon System
 Highly affordable platform
» Opposing requirements for the program
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R&D and
R&D and ,,,,,, Production

TODAY

DoD will reduce O&S costs




TCO - Total Cost of Owning
Challenges

« Why Condition Based Maintenance failed?
— Not deliver its full potential
— Low market penetration (1-5%)

« Key reason: Time for Savings $

— Not enough advance warning to save $
— Planned vs. unplanned maintenance
— Maintenance need months

 Solution? : 2001 DOD initiative F-35 JSF
— New Technologies for long lead time CBM

Sentient
Corporation __/\F




JSF Engineer’s Challenge

How do you make this complex machine affordable?

Predictable Design
Not Enough Data

Current macro methods are not sufficient
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Understand behavior before first delivery
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TCO Savings = Engineering Accountable for Field Costs
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JSF Engineer’s Challenge

How do you make this complex machine affordable?

Predictable Operation
Too Much Data, don’t know how to use it
Business plan to support predicted behavior

TCO Savings = Engineering Accountable for Field Costs
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Technology Roadmap
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The SAGE for Operators

 Integrated data picture
e Turns 50,000 voices into answers
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- Data management and interpretation is step 1
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The Micro Simulator for Engineers
Component Life Prediction

* Models predict the behavior of the system
» Models the process of failure from start to finish
« Damage accumulates from the first use until final failure
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Material Life Prediction

Physics models for failure is step 2
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Gear Pitting Simulation

|-4-—"ET—+I NASA TN D-7261

Addendum

fedendum

Comparison of pitting phenomena near pitch line

° through initiation and successive intervals
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Conclusions

 How will the JSF turn out? In test now!

e What can the wind turbine industry learn from
JSF and DoD operators?
— O&S cost is largely defined in engineering

— Data driven cannot give us the resolution and
warning needed to affordably maintain equipment

— Microstructure models are an essential element of
any CBM system

— Lead time on failure predictions is king and the only
way you will significantly drive down your TCO
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Sentient Solution

Component Life Prediction

No Data Too much data
Material Microstructure Data Driven Framework
& Variability - Behavior of Models
Simulate & Predict vs. Testing What if Fleet Level Software
Sentient Certainty of TOC - Total Operating Costs
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