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Boeing is committed to action on carbon

neutral growth in its commercial products

Engineering, Operations & Technology Commercial Airplanes
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Technology Maturity Levels

Timeline to airplane incorporation

Engineering, Operations & Technology Commercial Airplanes

« Maturity measured on the NASA Technology Readiness Levels (TRL)

« TRL 6 “Technology Ready” necessary for product application
consideration

« Technology selection for new products typically occurs 3 - 6 years
prior to airplane Entry Into Service (EIS)

Up to 10 years for major technologies 3to 6 years
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Demonstrators help accelerate technology maturity
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Noise reducing chevrons were 787-8
developed during the Quiet
Technology Demonstrator

Program

Copyright © 2011 Boeing. All rights reserved.




Boeing CLEEN Program

Engineering, Operations & Technology Commercial Airplanes
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Volume Swell of Alternative Fuels
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Objective:

Generate data to help industry:

Understand effects of aromatic _
compounds on fuel system polymeric
materials

Evaluate which aromatics we’d prefer
to see produced from future processes

Work Statement:

Measure composition of fuel absorbed
by materials for a variety of
fuels/blends

Establish statistical bounds for
behavior of typical fuel system material
Conduct volume swell tests for
common components such as O-rings,
sealants, and coatings

Provide a basis for risk
identification and mitigation

Potential Transition: Aviation Fleet

Copyright © 2011 Boeing. All rights reserved.

Commercial Airplanes

Ory-0-JP-8 IP-B40FT
(17%aromatics) (0% aromatics)
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Fluarocarbon (VO747)
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Volume swell for given exposure time of different materials
shown in the left panel. Optical dilatometry system used to
measure the swell is shown in the right panel.

Benefits:

* Future alternative fuels approved for
commercial flight for blends beyond
50%.

 Reduced dependence on petroleum

 Reduced total CO2 footprint




Alternative Fuels Summary
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{‘Sample Selection

Y"‘Volume Swell Analysis of Reference Fuels
YrAnaIysis of Absorbed Fuel

V“Volume Swell of 50% Blends

Y"‘SPK Blended with Aromatics

Y"‘Presentation of Findings at CRC Meeting
 May 2-5, Seattle, WA

fFinaI Report Released
* Available via FAA CLEEN Public Sharepoint

Copyright © 2011 Boeing. All rights reserved.



Acknowledgements:. CRC Paper and Final

Report
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“Evaluating the Impact of SPK Fuels and Fuel Blends on
Non-metallic Materials used in Commercial Aircraft
Fuel Systems”

John L. Graham
University of Dayton Research Institute

Timothy F. Rahmes, Mark C. Kay, Jean-Philippe
Belieres, James D. Kinder, Steven A. Millett, Jean Ray,
William L. Vannice

The Boeing Company
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Adaptive Trailing Edges
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Objective:

Miriature Spit
= Develop and validate an adaptive T
trailing edge system capable of
tailoring wing performance to
reduce noise and fuel burn at
different flight regimes

- Miniature plain flao
e —

Work Statement:

= Evaluate airplane performance improvements through the use of
ATE devices

= Develop actuation systems for ATEs

= Demonstrate actuation and control system through flight test
program.

Potential Transition: New and Derivative Airplanes

Copyright © 2011 Boeing. All rights reserved.



ATE Accomplishments & Plans
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Actuation Flight Test  aActuation t PDR i
Trade study, Configuration Component Low Speed Agtl;?gr?]n
Technology Survey, Downselect Test WT Test rgtot e
CFD Analysis - b P

CDR Actuation Ground Flight
system testing Test  Test

737-800
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Technology Survey: Motivation
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Commercial Airplanes

» Geometry changes over the last 5% of chord can be a simple and
powerful way to realize significant aerodynamic improvement

» Many trailing edge concepts have been studied — _.—. n./
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Flight Test Configurations Selected

Engineering, Operations & Technology Commercial Airplanes

Outboard Fixed Trailing
Edge Mini Plain Flap

Inboard, Outboard Flap
Fixed Mini Split Flap

Outboard Fixed Trailing Edge  Drooped Alleron Tab
Mini Split Flap

Copyright © 2011 Boeing. All rights reserved.



ATE Development Progress
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V‘ Technology Survey Complete
Y‘ CFD / Benefits Analysis completed
V‘ Actuation Trade Studies complete
'i/ Low speed wind tunnel test completed
V‘ Flight Test configurations identified
V‘ Preliminary Design complete
= Actuator Prototype Testing Complete 4Q2011
= Detailed design complete/ CDR 1Q2012
= System Integration Testing Complete 2Q2012

Copyright © 2011 Boeing. All rights reserved



Oxide CMC Exhaust Nozzle

Engineering, Operations & Technology Commercial Airplanes

Objective: Develop and demonstrate an acoustic ceramic matrix composite
exhaust nozzle to TRL 7 through a building block approach

Baseline Material: 2D N610/AS Oxide CMC
Supplier Partners ATK/COIC and AEC

Baseline Demonstration Engine: Rolls Royce Trent 1000

Potential Transition: New Boeing Products & Derivatives
Centerbody

Key Milestones/Events
= TRL 5: Subcomponent fabrication & test 92" e €
= TRL 6: Full-scale engine ground test of oxide CMC CB & Nozzle\\.‘/
= TRL 7: Flight test of full-scale oxide CMC CB & Nozzle

Copyright © 2011 Boeing. All rights reserved.



CMC Technology Need
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» Platforms challenged by hotter engines & tighter noise restrictions
* Impact to exhaust & nacelle packaging (propulsion integration)
» SOA titanium exhausts at performance limits

» Superalloy alternatives add weight . e
o * ¢ 93///// ¢
« CMC improvements relative to SOA 2 e
» Material thermal margin ;i o
« Component weight savings &
« Acoustic attenuation > o
o Life

1982 1987 1992 1997 2002 2007

Year

CMCs may enable hotter more efficient engines

Copyright © 2011 Boeing. All rights reserved.



Oxide CMC Nozzle Accomplishments & Plans
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GTD Subcomponent ' Ground Test
Nozzle PDR Fabricgﬁon Cylinder Article CDR Nozzle Ground
Thermal ~ Subcomponent Development Unit  Test Article
Test Dynamic Test Fabrication Fabrication

&Test Integration .
Flight Test

Prototype
CDR

- GTDt . GTD
nstrumentation I I ﬂ Test in Stand
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FWD Joint Testing
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= Static Testing
= RT and 1000°F
= Demonstrates 2xUIt

*Fatigue
= 220,000 cycles
= 1000°F
= residual strength > 2xUIt

Copyright © 2011 Boeing. All rights reserved.



Sandwich Cylinder Subelement Thermal Test
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= 24” dia. x 24" tall
= Early producibility demo

* Subjected to thermostructural
gradients

= Exceeds ultimate conditions,
even with induced damage




CMC Centerbody Subcomponent Test
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= Dynamic testing via
shaker table

= Survives > 10,000
hrs equivalent
service

= Passes 2 FBO shock
load events followed
by wind milling

Commercial Airplanes




CMC Nozzle Engineering Development Unit
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Oxide CMC Nozzle Development Progress
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“Successful Joint & Acoustic
Element Tests

fPreIiminary Design Complete 402010
Y"‘TRL 5 Subcomponent Test 2Q2011 =
¥ Detailed Design Complete 2Q2011 -
e TRL 6 Ground Test 202012
« TRL 7 Flight Test 3Q2013
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ecoDemonstrator
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ecoDemonstrator Strategy

Vision: Accelerate technology maturation / Build & integrate more rapidly

Model:
= Implement “continuum” of demonstrations to reduce risk, accelerate transition

= Leverage synergies with Government programs, industry partners, suppliers
and internally funded development

ecoDemonstrator will leverage CLEEN airplanes & instrumentation
in 2012 and 2013
= Additional technologies will be demonstrated concurrently with CLEEN

= Each technology brings its own funding, and pays for instrumentation or
dedicated flight hours specific to its needs

CLEEN is the foundational element & enabler of Boeing’s
ecoDemonstrator strategy

Copyright © 2011 Boeing. All rights reserved.



Demonstrator — Paris Air Show
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News Release

Boeing Commercial Airplanes
P.O. Box 3707 MC 21-70
Seattle, WA 98124-2207
www.boeing.com

Boeing and American Airlines to Accelerate Quieter,
Cleaner Aviation Technologies

-Leading global carrier to be the customer for first ecoDemonstrator |
-Advanced noise and fuel

LE BOURGET, France, June 22, 2011 — Reducing fuel consumption, carbon emissions and
community noise are the focus as Boeing [NYSE: BA] and American Airlines [NYSE: AMR]
announced that the airline will be the launch customer for the evolutionary ecoDemonstrator
Program. A Boeing Next-Generation 737-800 aircraft will be used to flight test and accelerate
the market readiness of emerging technologies

“We are proud to have American Airlines as our launch partner for this new generation of
technology that can bolster aviation’s role as the most efficient means of global
transportation,” said Boeing Vice President of Environment and Aviation Policy Billy Glover.
“There’s no better way to prepare advanced technologies for market entry than flying them and
no better choice than the best selling single-aisle airplane of all time -- the Boeing Next-
Generation 737.”

“American Airlines recognizes our responsibility to minimize our impact on the environment as
much as possible, and we look for every opportunity to do so,” said Captain John Hale,
American’s vice president — Flight. “Our partnership with Boeing allows us to make significant
strides in putting more fuel-efficient planes in the air, which is the most effective way to reduce
our carbon footprint. We remain committed to identifying and implementing new technologies
and programs that further our environmental performance”...

Copyright © 2011 Boeing. All rights reserved.
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2012 Demonstrator — 737NG Test Platform

Engineering, Operations & Technology Commercial Airplanes

Quieter, cleaner, more fuel efficient, environmentally progressive solutions

Foundational FAA CLEEN Contract Boeing/Supplier Collaboration

Adaptive Trailing Edges
\ Variable Area Fan Nozzle

_ Regenerative Fuel Cell:
Alternative Fuels — Seals

Flight Trajectory Optimization

Legend
Airplane Fuel Efficiency Other technologies
Noise Reduction (tbd)

Operational Efficiency
Airplane Applicability
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Program Milestones
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—_—

Boeing Announces Begin Detailed Final FT Plan Test Articles Flight Test
ecoDemonstrator FT Planning Approved At Test Site  8/12 to 9/12
2010 2011 2012

Paris Airshow
Boeing/AAL

ecoDemonstrator
Partnership Announcement
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Boeing CLEEN Program Summary
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Three Technologies

v Alternative Fuels — Report Complete, results available

= Adaptive Trailing Edges — WTT Complete, Flight Test in 2012

= Oxide CMC Nozzle — Ground Test in 2012, Flight Test in 2013
Two Flight Test Demonstration Programs

= 2012: 737-800 in partnership with AAL
= 2013: 787-8 from Boeing’s Flight Test Fleet

Developing and working plans for transitioning
technologies to Boeing products

Creating leverage for ecoDemonstrator and other
technology collaborations

Copyright © 2011 Boeing. All rights reserved.
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