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Vision

Enable aircraft with dramatically improved energy efficiency, 

environmental compatibility, and economic impact for the nation

Evolution of Subsonic Transports 
Transports

1903 1950s1930s 2000s

DC-3 B-787B-707

Mission

Explore and develop viable game-changing concepts, 

technologies, and tools to improve vehicle and propulsion 

system energy efficiency and environmental compatibility

Scope

Subsonic fixed-wing commercial transport aircraft

Advanced Air Transport Technology (AATT) Project

Image credit (entire slide): NASA
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NASA Strategic Plan 2018:

• Strategic Goal 3: Address National Challenges and Catalyze Economic Growth

• Strategic Objective 3.2: Transform Aviation Through Revolutionary Technology Research, 

Development, and Transfer

Notional AATT Technical Challenge Areas

• Transonic Truss-Braced Wing

• High Rate Aerostructures Technology

(HiRATe)

• Electrified Aircraft Propulsion

• Small Core Gas Turbine Engine

Next Generation Aircraft Future Generations AircraftState of the Art 

Aircraft

Strategic Thrust 3 : NASA Strategic Plan

Aeronautics Strategic Implementation Plan, 2019; Thrust 3:
2025-2035: Aircraft meet economic demands of airlines and the public 

with revolutionary improvements in community noise and energy 

efficiency to achieve fleet-level carbon neutral growth relative to 2005. 

Initial applications of advanced airframe technologies emerge in 

conjunction with new propulsion architectures such as electrified aircraft 

propulsion.

Image credit (entire slide): NASA
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New Technologies and Time/Cost to Market will be the 

Differentiators to Continued US Leadership

The Single Aisle Aircraft market is the largest economic 

driver in aviation – but industry does not know how it will 

eventually develop a replacement

- Performance must show significant improvement

- Must be able to build new aircraft at very high rates

- Must be affordable to build and operate

- International competition is intense

41,030
New Aircraft Deliveries

$6.1 Trillion
Market Value

78%
of New Aircraft 

Deliveries are

Single Aisle Class

(including 

Regional Jets)

2036 Forecast

Technologies that will open the door to a 

new single-aisle transport are broadly 

applicable to smaller and larger aircraft 

and will help open new aviation markets

Image credit (entire slide): NASA
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Key Performance Deliverables:

• Structural efficiency: specific weight targets and/or enabling drag reduction

• Demonstrated improvement to materials and manufacturing process rates

• Fuselage and wing panel fabrication, validated by test 

Subproject Elements: 

• Integrated sensors

• Unitized fuselage structures

• Tailored thin-wing structures

• Integrated wing-body-truss structures

HiRATe Tech Challenge Definition and Subproject Elements

Technical Challenge TC18.1:

Integrate unconventional aerostructural subcomponents leading to a 2X improvement in 

manufacturing process rate and improved structural performance – (737 Baseline, TRL 4-6)

• 6-7X SOA composite aircraft production rates ~15/month (777 Wing; 787 Wing+Fuselage)

• 2X SOA metallic riveted aircraft production rates ~50/month (737 Wing+Fuselage)
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High Rate Composites : Rationale

• 6-7X composite process rate increase is extremely 

aggressive

• Composite manufacturing has many interdependent steps

• Assembly is largest time driver

– Unitized structure and minimally stiffened panels (through 

aggressive tow steering) reduces process time

• Automation / real-time inspection accelerates layup rates

– Further benefits possible via integrated/automated non-

destructive evaluations

• Cure cycle elimination is insufficient alone to meet goals

Relative Time for Composite Manufacturing Steps

HiRATe activities 
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Image credit (entire slide): NASA

To attain high-rate manufacturing goal, dramatic improvements are required 

in all composite manufacturing steps unless material/process research 

results in a complete paradigm shift
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• Aerospace industry is projecting 5X increase in 

usage of composites in next 15 years

• Fiber/resin quality and availability pose risks to 

rapid scale-up

• Waste stream must be considered during high 

rate manufacturing process development

• Capital investments in equipment and plants 

result in significant up-front cost and time

• Risk reduction strategy explores benefits of 

advances in metallic forming processes for 

unitized fuselage structures 

We are here
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Challenge of Future Composite Usage

Image credit (entire slide): NASA
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AATT: Application-Driven High-Rate Manufacturing

Fuselage 

Structure:

• High-rate, rivetless

design optimized 

for manufacturing

• Thermoplastic

• Integrally-formed 

aluminum

Wing-Body-Truss 

Integrated Structure:

• Complex, heavily-loaded 

joints designed with 

topology optimization

• 3D manufacturing 

approaches and 

materials

Wing Structure:

• Aeroelastic tailored, 

thin-wing design

• Stitched resin-infused 

unitized composite 

manufacturing

• Rapid cure, out-of-

autoclave resins

Integrated 

Sensors:

• Sensors used to 

monitor processes 

and quality during 

manufacturing

• Sensors applied to 

structures for 

vehicle monitoring 

during operations

Integrated, application-driven design using 

new materials and manufacturing processes 

to optimize rate, performance and cost 

Image credit (entire slide): NASA
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Integrated Sensors Approach in AATT

• As structural concepts change and manufacturing trends towards 

larger, unitized structures, sensors to monitor performance become 

more critical

• Integrated sensors reduce manufacturing, inspection, and 

certification times and operational cost and performance

• Sensors applied to large-scale structures:

– Enable crack detection and tracking in unitized integral 

structures

– Develop system to convert sensor data into structural health 

information

– Validate sensors in large-scale structural tests (composite 

wing panels, thermoplastic and aluminum fuselages)

Image credit (entire slide): NASA

Fiber optic strain 

sensors on 

composite wing

Shaker

Accelerometer

Shaker

Attachment 

SAW Sensors

Wireless structural 

acoustic wave system

Sensors on 

inside of 

composite 

fuselage
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Unitized Fuselage Approach in AATT

1. Partner to build and test 10-ft diameter, 20-ft long integrated barrel 

segments to validate concept to Technology Readiness Level (TRL) 6 

(by 2023)

• Partner with industry through NASA Research Announcements (NRAs) with 

cost-sharing; test at NASA

• Manufacturing demonstrations proves scalability, identifies gaps

– Thermoplastic Automated Fiber Placement (AFP) with welded / bonded 

integral stiffeners and ring frames

– Single-piece forming of integrally-stiffened Al cylinders (ISC) with metal 

joining / additive manufacturing for integration

2. In-house research focuses on multidisciplinary discovery (in 

parallel to NRAs)

• Develop materials, manufacturing processes and structural design 

optimization that exploits new materials and processes

• Achieve high rate manufacturing and improved performance simultaneously

• Apply sensors for structural health monitoring, demonstrated in tests

Additive Manufacturing 
for Internal Structure

Scaled-up Aluminum 
Stiffened Cylinder

Integrated Fuselage 
Testing at NASA

Scaled-up Composite 
Stiffened Cylinder

Image credit (entire slide): NASA
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Unitized Thermoplastic Fuselage : Rationale

Thermoplastic AFP Construction

Advantages of Thermoplastics

• No out-time limitations on precursors

• Rapid extrusion possible for stringers

• In-situ consolidation during AFP eliminates 

autoclave steps

• Improved toughness over thermosets

Conventional AFP Construction

Challenges of Thermoset Fuselage

• Out-time limitations on prepreg tapes

• Ply-by-ply manual inspections

• Post lay-up autoclave curing

• Rivets installed to reinforce stringer/frame 

integration

Image credit (entire slide): NASA
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Unitized Metallic Fuselage : Rationale

1Stoner, et al. “Cost-Benefit Analysis for the Advanced Near Net Shape Technology (ANNST) Method for Fabricating Stiffened 

Cylinders.” NASA/TM-2016-219192.
2Rudd, et al. Buckling Response of a Large-Scale, Seamless, Orthogrid-Stiffened Metallic Cylinder.” AIIAA SciTech Forum, 2018. Image credit (entire slide): NASA

Integrally Stiffened Cylinder (ISC) Process
Near-net shape construction

Integral Stiffeners

Circumferential

Weld

Advantages of ISC Process

• Minimizes machining and assembly

• Eliminates rivets for longitudinal stiffeners

• Transition technology initiated in space

technology projects

Estimated Benefits

• 50% cost reduction1

• 40% schedule reduction1

• 25% increase in buckling load2

• 10% mass reduction1,2

Conventional Riveted Construction

Challenges of Riveted Fuselage

• Overlaps, rivets increase weight

• Jigging, drilling, and riveting dominates rate

• Holes prone to crack initiation sites
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Integrally Stiffened Cylinder Process at 10-ft. Diameter Scale

Close-up of stiffeners

10-ft diameter, 5-ft tall ISC formed 

in 1.5 hours, January 2019

Rollers

Mandrel

Preform

Grooves

Schematic of ISC process

• Flow forming process using counter rollers and mandrel

• Stiffener geometry defined by grooves on mandrel

• Thick-wall cylindrical preform simultaneously thinned 

and elongated, while material is forced into grooves to 

form stiffeners

2019 Forming Campaign at 10-foot Diameter 

• Successfully formed six Al 6061 crack-free ISCs of 

varying lengths

• Achieved 5.5-ft. maximum length, 0.12 in. (3 mm) 

minimum wall thickness (>10x thickness reduction), 

164 longitudinal stiffeners with height of 0.5 inch

• Funded by Space Technology Mission Directorate

Image credit (entire slide): NASA
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Composite Thin-Wing Approach in AATT

• Compare advanced composite materials, manufacturing and assembly 

process to build unitized composite structures while reducing cycle time

• High rate composite materials/process development, coupon/subcomponent 

scale:

– Stitched, unitized panel assembly reduces fasteners and assembly steps

– Rapid cure resin infusion reduces cure cycle times

– Aggressive tow-steered composites enables performance improvements 

through aeroelastic tailoring of thin, high aspect ratio wings

• FY20-23: conduct comparisons of manufacturing-driven structural 

optimizations through series of design → build → test at the panel-level 

(“panel-off”)

• Downselect from panel-off informs follow-on activity to build large, integrated 

thin wing for static structural testing (FY24-26)
Robotic stitching using Automated 
Fiber Placement (AFP) head

Unitized panel 
assembly

Panel-Off:
Coupon/element testing of high-

rate manufacturing concepts to 

assess performance

(x 10-15)

Scale-up to structural optimized 

panels exploiting high-rate 

manufacturing capabilities

(x 3-5) Downselect for 

integrated thin-

wing structure test 

(future activity)

Image credit (entire slide): NASA
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Leverage Prior Tow-Steered Wing Aerostructural Optimization

Image credit (entire slide): Univ. of Mich.
Brooks, Martins, and Kennedy. High-fidelity aerostructural optimization of tow-steered composite 

wings. Journal of Fluids and Structures, 2019.

• Leveraged Univ. of Michigan 

framework to:

– Design the test article

– Perform studies on full scale 

aircraft with variable planform 

• Tow-steered designs achieved 

better performance than 

conventional composite ones:

– Up to 2% in fuel savings 

– Up to 24% reduction in wing 

weight

• Improvements due to:

– Structural tailoring to increase 

local strength-to-weight ratio

– Aeroelastic tailoring taking 

advantage of passive load 

alleviation
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Advanced Manufacturing Technologies:

• Applied to complex, highly-loaded structures

• Topology optimized structures for tailored load path

• Manufacturing tailored for future configurations (i.e. Transonic Truss Braced Wing, TTBW) 

• Enabled with advanced manufacturing, including 3D approaches and materials

Demonstrate lightweight, integrated structure and joints for AATT configurations (future plans)

TTBW wing-strut and strut-
fuselage joints – full barrel with 

integrated wing and strut structure

Single Aisle Turboelectric 
Aircraft – empennage/ tail-

mounted electrified propulsion
Mid-Fuselage Nacelle –

nacelle/fuselage integration

Wing-Body-Truss Integrated Structure Approach in AATT

Image credit (entire slide): NASA
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Proposed Plan for High-Rate Aerostructures Tech. in AATT 

NRA (w/ Industry cost-share) NASA (in-house)

FY20 FY21 FY22 FY23 FY24 FY25 FY26

Sensor System Development                           Apply and Test on Structural Tests                               System Refinement
Sensors : 

Cross-cutting

Next 3-yr. Tech Challenge Follow-On Activities

Design                    Build                     Test

Alloy / Process Development; Structural Optimization

Fuselage :  

Formed Al

• 10-ft dia x 20 ft long integrated barrel mfg demo & test

• In-house research to opt material/mfg/structure for 
high rate, lightweight, low cost

Design                                 Build                                      Test

Material / Process / Assembly Dev.; Structural Optimiz.

Fuselage : 

Thermoplastic

• 8-10-ft dia integrated barrel mfg demo & test

• In-house research to opt material/mfg/structure 
for high rate, lightweight, low cost 

Material / Process / Assembly Dev.; Structural Optimiz.
Int. Wing-Body-

Truss Structure

• Topology optimization informed by mfg dev to 
design/build/test scaled complex joints 

Design                                 Build                                      Test

Material / Process “Panel Off” Assembly Development; Structural Optimiz.

Thin-Wing : 

Stitched, resin-

infused

• Performance-based approach to design/build/test panels

• Tailored, unitized thin wing structural design

Downselect to build structural wing test article


