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Program Synopsis

 Under the FAA CLEEN Il 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 49%
fuel burn reduction, 40EPNdB cumulative noise reduction with integrated boundary
layer ingesting (BLI) engines. The D8 fuselage further enables 10% 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 FY2017



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



Integrated airframe and
propulsion for Boundary
Layer Ingestion (BLI)

Non-round “double-
bubble” composite

/ fuselage



Tension rods periodic throughout cabin

Central fuselage structural
elements enable weight-
efficient solution for twin aisle
configuration



Double-Bubble Fuselage Video







The CLEEN D8 Variant has a twin aisle fuselage
and wing mounted engines

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

e 180pax, 3000 nmi range

* Enabling technology is non-round double-
bubble fuselage



Advanced concepts are exposed to several risks

- Technical risk — Financial risk Market risk

/

Double Bubble Airframe - related risks
Double-bubble fuselage performance, manufacturing, certifiability, etc.

Focus of Aurora CLEEN Il —

BLI — related risks
Engine operability, fan performance, etc.

Integration risks
Propulsion-airframe structural integration, airframer-engine
manufacturer coordination and analysis, etc.



Challenge 1: Double Bubble Airframe

Wide, lifting-body fuselage
driven by aerodynamics

Departure from traditional
‘round’ pressure “tube”

Challenge: Create mass
efficient solution using
proven composite
manufacturing methods
— Dual-lobed design
requires new fuselage
structural arrangement
optimization
— Advanced composite
manufacturing features to

efficiently integrate
central structural element

— Y-joint and certification



Challenge 1: Double-Bubble Airframe
Demonstrating Fuselage Technology
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Structural risk mitigation activities are being investigated with initial
test articles currently being built. The goal of this building block test

is to demonstrate the non-round fuselage structural performance and
producibility.

10



Non-BLI D8 Variant: Twin-Aisle Fuselage with

Wing-Mounted Engines

FAA CLEEN I
XD8 Flight Test
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11 NASA COLTS Test

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

Mechanisms driving fuel efficiency
benefits:

Reduced landing gear and wing weight

Increased carryover lift > smaller wing & tail




Georgia Tech Performance Assessment

Aurora has started working with Georgia Tech in order to support an independent assessment of

the system-level benefits of the dual-lobe fuselage

Aurora
Conceptual Design Tool
System-Level Estimates

A 4

D8 CLEEN Il System-Level
Benefits Assessment

\ 4

Comparison

Georgia Tech Independent
Conceptual System-Level
Assessment

A 4

Aurora Bottoms-up Engineering
Estimate & Validation Testing

Aurora €-> Georgia Tech
Data transfer spreadsheet
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CLEEN Technology Current Status

CLEEN Technology Goal Impact Benefits and Application

Advanced composite, Primary: Fuel burn 49% fuel, 40EPNdB cumulative
unconventional airframe  Secondary: noise noise benefits with current
design-build reduction technology and integrated engines

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

Updating based on learnings from test
results, FEM, and air vehicle-level
optimization from both Aurora and GTech
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Program Description

Design and manufacture an all-composite, half-
scale fuselage section of the D8 using materials
and manufacturing processes that demonstrate
configuration feasibility, weight benefits, and the
ability to be FAA-certified. The build approach for
the fuselage includes Automated Fiber Placement
(AFP) manufacturing of the fuselage barrel.

The development culminates in testing a 30ft
section of the fuselage under combined shear,
bending, and pressure loads in the NASA Langley
COLTS facility.

COMPONENTS |

COLTS test

T eemEnTs |

g [

S| e - 000 000 (6

Combined Loads Test System
(COLTS)



Building Block Approach to Fuselage Development

Global FEM
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Y-joint Subcomponent Test Article
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Representative Full Barrel
Section of Global FEM
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Y-joint Element Test Article

Y-joint Subcomponent Test Article FEM

Y-joint Element Test Article FEM



Presenter
Presentation Notes
Building block approach to testing starts at the coupon level, then element testing, then subcomponent testing, then component testing
Load correlation flows from the global FEM internal loads to the subcomponent FEM level, then breakout FEM level, then element FEM level


Y-joint 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




Test Purpose

« Validate the dual lobe fuselage structural

benefits through experimental testing
e Y-joint subcomponent article:
— load distribution between struts, keel,
and Y-joint
— model validation for skin/keel bay with
and without tension rods

— Quantity: 1 article test

e Y-joint elements: m

— Understanding the load flow through the
Y-joint

— Quantify quasi-static tensile load K j
response

— Quantify magnitude of joint capability W

— Quantity: 63 element tests
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Test Article Element Tooling

All tooling manufactured or in-
process

Frame clips and cap straps to be
manufactured on single tool each
and cut apart

Mirrored tools for frame and shear
tie
Skin tool

— Uncured stringers placed in stringer
grooves

— Y clip preform placed in between 2
sides of tool

—  Skin laid up over fully assembled tool

Keel Tool

— Web plies laid up on both sides of
tool

— Cap plies laid up over fully
assembled tool

Keel

Frame

Frame Clip

Shear Tie

Skin

Cap Strap



Test Article Fixture —
Self-Reacting Load Frame

10K Load Cell
(2 Places)
40K Load Cell est Fixture Frame
(1 Places)

e Design and sizing complete

* In-process of releasing
drawings

* Next steps
—  Fixture fabrication

— Bladder procurement
Skin Restraint Link

(press"fized "1, (10 Places)
Widtp) Inflatable Bladder
(6 Places)

“Y-Joint” Test Articl
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FAA CLEEN Il Y-joint Element
Structural Test Plan
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Element Manufacturing

Initial component
fabrication trials conducted

Tooling and manufacturing
process parameters
Investigated




Y-Joint Element Coupon Tests

 Initial Manufacturing Exploration
(ME) elements loaded to ultimate
failure

 Developed test protocol and created
load program

« Performing qualitative and
guantitative data analysis; correlating
data collected from test article with
finite element modeling
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High-Level XD8 Project Schedule
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Advanced Composite Unconventional Airframe Design-Build

Objectives:

Satisfy load and geometry constraints with
weight efficient design

Demonstrate airframe fabrication using
production methods capable of type certification

Work Statement:
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Design center fuselage of scale demonstrator
Test article design and fabrication

AFP tool design and fabrication

Test and evaluation

Anticipated Benefits:

e 49% fuel and 40EPNdB cumulative noise benefits
with current technology and integrated engines
 16% fuel and 16 EPNdB cumulative noise benefits

for 2025 with wing mounted engines

Risks/Mitigation Plans:

» Building block approach to design validation

*  “Y"-clip element tests

e Combined load test at NASA Langley COLTS
facility

Accomplishments/ Milestones since

you initiated this technology/project.
Performed design trade studies
Drafted Test Evaluation Master Plan (TEMP)
Optimized test coupon and article design
Designed and procured cure tools
Manufactured and loaded first coupons
Identified manufacturing process improvements

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 49% fuel burn reduction

with integrated boundary layer ingesting (BLI) engines
and 16% 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
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