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Program Synopsis

• Under the FAA CLEEN II program, Aurora is developing composite airframe technologies that will 
enable unconventional aircraft configurations and reduce fuel burn, emissions, and noise. 

• A common theme amongst future ultra-efficient aircraft concepts is the non-traditional, complex shape 
of the aircraft structure. One of these aircraft concepts, the D8 (developed by NASA, MIT, Aurora, and 
P&W), is particularly interesting from an advanced composite aerostructures standpoint because the 
configuration alone is responsible for most of the projected benefits. The step change in performance 
due to the shape of the aircraft – rather than for any of the individual technologies integrated into the 
aircraft – implies that a significant efficiency benefit can be realized on a much shorter time scale than 
would be required for the maturation of many separate, incremental technologies.

• The D8 configuration, enabled by its uniquely shaped fuselage, results in up to 56% fuel burn 
reduction, 32EPNdB cumulative noise reduction with integrated boundary layer ingesting (BLI) engines. 
The D8 fuselage further enables 29% fuel burn reduction and 16EPNdB cumulative noise reduction 
with wing mounted engines. Advanced composite airframe design and manufacturing methods will 
enable the D8 and shapes like it to be built with reliable, repeatable, and certifiable processes. 

• The program was initiated in November 2015 and is currently funded through GFY2018



3

Program Purpose

• Aircraft fuel efficiency generally improves at 1.5% per year

• NASA and others have been funding low-TRL studies of 
aircraft with disruptive improvements in all domains of 
environmental efficiency (noise, fuel, emissions) in order to 
accelerate the rate of efficiency improvements
– These concepts are now moving up the TRL scale with wind 

tunnel tests and flight demonstrators

• A common theme amongst the advanced concepts is the 
non-traditional, complex shape of the aircraft structure
– Advanced composites enables reliable production of new 

shapes that were otherwise difficult or inefficient to build
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Integrated airframe and 
propulsion for Boundary 

Layer Ingestion (BLI)

Non-round “double-
bubble” composite 

fuselage

Aurora’s D8 Subsonic Transport Aircraft
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Future D8 Transport: Double-Bubble Fuselage Requires Unique 
Central Elements
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D8 Cabin Fly Through
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CLEEN D8 Variant has twin aisle fuselage and wing mounted 
engines

Technology developed in CLEEN-II enables advanced 
configurations:
• B737-800/A320 class

• 180pax, 3000 nmi range

• Enabling technology is non-round double-bubble fuselage
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CLEEN II Technology Current Status

CLEEN Technology Goal Impact Benefits and Application

Advanced composite,   
unconventional airframe 
design-build

Primary: Fuel burn
Secondary: noise 
reduction

56% fuel, 32EPNdB cumulative 
noise benefits with 2035
technology and integrated engines

29% fuel, 16 EPNdB cumulative 
noise benefits for 2025 with wing 
mounted engines

Benefits relative to a B737-800 aircraft. See 
Yutko et al, 2017 for details.



9

D8 significantly reduces air transportation system fuel use

• The D8 aircraft is designed for 
the market that contributes the 
most to both global fuel 
consumption as well as a large 
majority of airline operations 
(frequent noise around airport 
communities)

• Aurora has simulated the 
networks of major international 
and domestic airline carriers with 
and without the D8 aircraft. 
Examples:

– American
– Delta
– Jetblue
– Southwest
– United

United Airlines global network 
with D8 replacement routes (red)
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Far-Term Projected North American Fleet Fuel Burn

• Aurora analysis of North 
America (originating or 
terminating) fleet fuel 
consumption assuming D8 
introduction with typical 
commercial aircraft 
production and survival 
curves

• Finding 1: today, narrowbody
market contributes majority of 
North America fuel burn 
biggest lever for change

• Finding 2: D8 leads to 52% 
reduction in narrowbody fleet 
fuel consumption

55% of baseline fuel

Without D8

52% 
reduction 

Widebody

RJ/TP

• Flights originating or terminating in North America 
(Jetblue, Southwest, AA, Delta, United)

• Growth according to Boeing Current Market Outlook 
(CMO)

• Baseline aircraft age according to public airline SEC 
reports and statements

• Aircraft retirement/survival curves according to Boeing (Jiang, 2013) 
• Baseline efficiency improvement: compounding 1.5% per year
• D8 applied only to narrowbody market
• Near-term D8 benefit: OD8
• Midterm D8 benefit: vision system
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Community Noise Assessment Method

AVIATION 2017
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Structural Design of Major Aircraft Elements
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Non-BLI D8 Variant: Twin-Aisle Fuselage with Wing-Mounted 
Engines

Reduced landing gear and wing weight

Increased carryover lift  smaller wing & tail

• As part of FAA CLEEN II program, Aurora is 
demonstrating critical “Y-joint”

• Mechanisms driving fuel efficiency benefits:

30 
ft

NASA COLTS Test

FAA CLEEN II
XD8 Flight Test
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Building Block Approach to Develop 
D8 Double-Bubble Fuselage
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D8 Fuselage Cross-Section Trade Space
(Reported at SciTech 2017)

• Trade found “Double Bubble” 
configuration with rods and 
partial web to be most mass 
efficient

• Web height had diminishing 
weight returns

• Massive frames required to 
react flat pressure bays of “Flat 
Double Bubble” configuration

• NASA independent trade 
reports similar trends
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Global FEM Predicts Required Joint Capability

“Y”-joint capability must 
exceed 700 pounds per inch

• GFEM assesses “Y”-joint 
capability for pressurized cabin 
at altitude load case

• Tension rod loads range 
predicted up to 36 kip

• Maximum “Y”-joint to skin pull-
off load predicted just forward 
of nose landing gear bay  
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Double-Bubble Fuselage Subcomponent 

Top 
Keel

Hat 
Stringers

Bottom 
Keel

Aerodynamic Fairing 
(not modeled)

Pressure 
Skin
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“Y”-joint Element Testing

• Element test campaign explored tensile 
capability of “Y”-joint

• FEA predictions identified configurations of 
interest to experimentally test

• Performed qualitative and quantitative data 
analysis; correlating data collected from 
elements with finite element modeling
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US 8127802 B2

“Y”-Joint is 3D Woven Preform

T800/3900-2 preforms
Toray donated material for preforms
Preform arrives as a prepreg
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Y-Joint Element Manufacturing 
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Y-Joint Element Manufacturing 
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45-ply AFP Video
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10 Element Configurations Manufactured and Tested
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“Y”-joint Element Experimental Setup
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Element Response Repeatable
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Element Load Capability Summary

Config.

# Skin Plies 24 24 24 24 16 16 32 32 32 32

FA     

PW    
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Typical Failure Progression
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Observed Experimental Data Complies with FEM 
Predictions 
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Element Experimental Testing Conclusions

• Preform fiber geometry critical to realize maximum joint capability

• Addition of film adhesive or under-wrap ply reduces peaking at interface of 
preform and skin plies, resulting in highest joint capability

• “Y”-joint configuration behaves different than pi-joint – flatwise tension under 
uprights, shear critical following ultimate failure
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XD8 (future effort)

Building Block Approach to Fuselage Development

Representative Full Barrel 
Section of Global FEM

Global FEM

Y-joint Subcomponent Test Article FEM Y-joint Element Test Article FEM

“Y”-joint element

Y-joint Element Test Article

“Y”-joint subcomponent

Y-joint Subcomponent Test Article



31

Subcomponent Test Article

• Article consists of :
– Co-cured skin, Y-joint, and hat-stiffeners
– Continuous keel
– 5 fuselage bays
– Frames, shear ties, and clips
– Mechanically fastened
– Tension rod fittings

• Elements sized from full-fuselage GFEM

9.5’

3.0’
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Fully Assembled Subcomponent
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Test Article Fixture –
Self-Reacting Load Frame

Test Fixture Frame

10K Load Cell
(2 Places)

40K Load Cell
(1 Places)

Skin Restraint Link
(10 Places)

“Y-Joint” Test Article

Inflatable Bladder 
(6 Places)
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Subcomponent Test Procedure

• Quasi-static testing
– 33% DLL

– 66% DLL

– 100% DLL

• Four test runs conducted on 
article

• Data acquired continuously
– Strain, load, displacement, 

pressure
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Successful 100% DLL Pressure Load Test
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Subcomponent Summary

• Successful experimental testing of “Y”-joint subcomponent complete
– Subcomponent article exhibited no failure up to 100% DLL

– Premature pressure bladder failure limited load application to 100% DLL 

• Established manufacturing technique of co-cured “Y”-joint for dual-lobed 
fuselage configuration

• Proved double-bubble fuselage assembly methodology  

• Validation of FEM in work
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What Comes Next? 
52% Scale X-Plane designed to mature 
vision system enabling technologies.

Vision system capable of meeting NASA/FAA 
efficiency goals and market desires.
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Two distortion 
tolerant propulsors

Air data probe

All composite 
double-bubble 

fuselage with fairing

π-tailFull-size 
windows

Crew door

Cockpit side 
windows + forward-

facing camera 

Flight test operations 
at EAFB / AFRC

Manned aircraft
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Donor landing gear

Donor wing, high lift 
devices, & fuel systems

Cockpit windows designed for 
pilot visibility during landing flare

eXternal Vision 
System (XVS)
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Project Schedule
FY17 FY18 FY19

“Y”-joint Element 
Tests

Fuselage Center Section 
Design

FY16

COLTS 
Test

X-Plane Design

2       3 4 5 6 7
FY20

X-Plane Manufacturing

Double-Bubble
TRL

FY21

X-Plane 
First Flight

X-Plane Assembly 
and Test

30 
ft

Current 
Funding

Unfunded 
Next Steps

COLTS Test Article 
Design-Build 

FY22

“Y”-joint 
Subcomponent Test

UEST Risk 
Reduction

UEST Risk 
Reduction Testing
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Risks/Mitigation Plans: 
• Building block approach to design validation
• “Y”-clip element tests
• Flight demonstrator 

Advanced Composite Unconventional Airframe Design-Build

Anticipated Benefits: 
• 56% fuel and 32EPNdB cumulative noise benefits 

with 2035 technology and integrated engines
• 29% fuel and 16 EPNdB cumulative noise benefits 

for 2025 with wing mounted engines

Accomplishments/ Milestones since 
you initiated this technology/project:

• Performed design trade studies
• Optimized test coupon and article design
• Designed and procured cure tools
• Manufactured coupons, test article, and test fixture
• Completed coupon test campaign 
• Proceeded to subcomponent testing Work Statement: 

• Design center fuselage of scale demonstrator
• Test article design and fabrication
• AFP tool design and fabrication
• Test and evaluation

Objectives: 
• Satisfy load and geometry constraints with 

weight efficient design 
• Demonstrate airframe fabrication using 

production methods capable of type certification 

Schedule:
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Summary

• Under CLEEN II, Aurora is developing composite airframe 
technologies enabling unconventional configurations that will 
reduce fuel burn, emissions, and noise

• The D8 configuration developed by NASA / MIT/ Aurora / 
P&W results in up to 56% fuel burn reduction with integrated 
boundary layer ingesting (BLI) engines and 29% with wing 
mounted engines

• Advanced composite airframe design and manufacturing 
methods can enable efficient aircraft configurations to be built 
with reliable, repeatable, and certifiable processes



Thanks to NASA and the FAA for 
their continued D8 partnership 

since 2008. This work would not 
have been possible without 

their support.
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