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EHM Diagnostics and Prognostics

From raw data to data mining pattern recognition
to analysis and information management
for decision makers
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Engine Health Management (EHM)

What is EHM?

Improved EHM System Goals
Avetec’s EHM System

EHMS Suite

EHMS Benefits
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What is Engine Health Management (EHM)?

Replacement
Parts

E H M - (Others)
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PI’O_CESS used to Mmanage engine
maintenance

Current EHM mostly based on fixed
hours or periodic cycles

Assembly
Disassembly
and Test
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Parts Repair
Costs
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OEM
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Parts
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Commercial/military aviation under
tremendous pressure to reduce
maintenance costs Breakdown

World’s airlines spend nearly of Engine Overhaul
$40B/year; ~ 20% of total budget

For military, engine maintenance ~ 60% of maintenance budget

Current EHM has a high price tag in terms of direct costs, but also the
indirect costs in potentially unnecessary downtimes

For the military this could mean the inability to meet critical mission
objectives at the national security level
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Improved EHM System Goals

A new EHM approach is needed using advances in
HW and SW to provide better information

management
Reduce costs and increase levels of maintenance predictability
and productivity, customer satisfaction and mission readiness

A comprehensive EHMS program will cover the entire life cycle
of the engine system or component and will feed back into the
design process for the next generation system or component

Engine Health Better Increased
Management > Maintenance ' Operational
System Predictability Capability
What is What it The bottom
proposed will produce line
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Avetec’'s EHM Model

From raw data to
data mining pattern
recognition

To analysis and
information
management for
decision makers

Avetec’'s EHM System Suite is a comprehensive solution that will evolve as
new tools and capabilities are developed

Some tools may be commercialized either as stand alone products
or packaged to meet specific customer needs

Much like MS Office has evolved as a single package or as separate
tools such as word processor, spreadsheet, presentation and other
tools

The EHMS Suite also represents an EHM methodology
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Avetec’'s EHM System

Avetec’s EHM System (EHMS) is based on four primary
components that together form a new comprehensive
approach to EHM

Engine Health Management System

Data Collection Pattern Recognition
and Storage and Dtr_ler
Hardware and Knowledge-Discovery
Software Tools Software Tools
Passive and Supercomputer
‘T:t':le —— Data Flatforms and
O Fuman ; Computational
Analysis mp
Interface ye Intensive
Hardware and Software Tools
Software

@AVETEC | August 20, 2009



Generic EHMS Suite System

Avetec’s EHM solution is a set of tools and methodologies covering entire engine life cycle
and feeds back into the next generation design

Supercomputers
HD [ ]
NI=E

Data Sources

Network Cluster

Active/Passive Visual Displays
and Other Human Interfaces
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Avetec’'s EHM System

PROSPECTOR
Dell PowerEdge 6850

v

2—-Dual Core Xeon 7140M 3.4GHz processors
32GB RAM (16x2GB)

3 —146GB SAS 10K RPM Hard Drives

PERC 5/E SAS RAID Controller

PERC 5/l Serial attached RAID Controller

2 Intel Pro 1000 Server Networking Adapters
Redundant Power Supply with dual cords
PowerVault MD 1000 enclosure with
15-300GB SAS 10K RPM Hard Drives

Data Sources

DICE
Network Cluster

A
v

Barco 3D Visual Displays
and Other Human Interfaces
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EHM Demonstration — Block Diagram
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EHMS Concept Demonstration Architecture
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Concept Capabilities

Model Integration
Flexibility to change model
Integration point for actual data
Systems Analysis
Real-Time Analysis
Multi Screen
Multi 1/O (stored and real-time)
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Model Integration

Integrate Model into the architecture framework
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System Analysis

Real-time
Analysis
Multi Screen
Multi I/O (stored and real-time)
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Demonstration Capabilities

MX
Analysis
Multi Screen

Multi I/O
Real-time v. Stored
Stored mean v. Single Stored
Stored mean v. Multi Stored

Engineering Change

Real-time v. Old Stored

New Stored v. Old Stored

New v. Old Single Profile
Operations Planning

Future Schedule

Maintenance Schedule

Unplanned Mx and Reschedule
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User Interface — Profile Input
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Data Presentation
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Single Presentation
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Multiple Run Comparison
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Multiple Run/Attribute Comparison
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Same Parameter Multiple Runs
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Multiple Runs with Averaging
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EHM System

EHMS Suite is a comprehensive tool suite that will evolve as
new tools and capabilities are developed
Flexibility
Change engine model
Engineering change
Integrate real-time data from sources
Use stored data
Analysis
Custom analysis
Multiple parameters on same graph
Multiple outputs on same interface
Tools
Independent
Integration into common suite
Tailored to meet specific needs

EHMS Suite also represents an EHM methodology
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EHMS Benefits

Reduces aircraft maintenance budgets 10% which translates to
$4 billion in annual savings to the world commercial aviation
Industry

Increases service life of engines

Directly impacts operational capabilities: more flying time and
less maintenance downtime

The methodologies and tools have applications across other
industries that utilize turbine engines

The commercialization capacity will grow to $42 million in
revenue within six years

Establishes Ohio as the center for EHM and related
technologies
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