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NASA’s Digital Transformation Strategic Framework
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Digital Transformation at NASA is Agency-wide and capitalizing on

strengths and opportunities across all levels of the Agency2www.nasa.gov  |

 

https://ntrs.nasa.gov/api/citations/20220018538/downloads/2022-1206%20NASA%20TM%20-%20DT%20Strategic%20Framework%20%2B%20Implementation%20Plan%20(Marlowe%2C%20Haymes).pdf


NASA’s Digital Engineering Need

Improve how the Agency Engineering Domain operates over the 

entire NASA lifecycle by effectively managing complexity, 

reducing cost and schedule, and improving product integrity via 

the integration of processes, digital tools, and techniques along 

with seamless flow of information throughout the engineering 

system development life-cycle (concept development, design, 

testing and validation, manufacturing and operations).

Opportunities for improvement with Digital Engineering at NASA abound,

especially within NASA Aeronautics and the Advanced Air Vehicles portfolio3www.nasa.gov  |

 



Sustainable Flight National Partnership Benefits 

Small Core Gas Turbine for 

5%-10% fuel burn benefit

Electrified Aircraft Propulsion 

for ~5% fuel burn and 

maintenance benefit

Sustainable Aviation Fuels for 

reduced lifecycle carbon 

emissions

Transonic Truss-Braced Wing for 

5%-10% fuel burn benefit

High-Rate Composites for

4-6x manufacturing 

rate increase

Integrated Trajectory Optimization for 

1%-2% reduction in fuel required 

and minimization of contrail 

formation

Next-generation transports using up to 30% less fuel, current and future fleets flying optimal trajectories, 

engines burning sustainable aviation fuels for net-zero lifecycle greenhouse gas emissions
www.nasa.gov   | 4



Subsonic Airliner Technologies

www.nasa.gov   |

Ensure U.S. industry is the first to establish the new “S Curve” for the next 50 years of airliners

Integrated Aircraft 

System Efficiency

Propulsion Airframe 

Integration Opportunity

Aerodynamic Efficiency

Transonic Truss-Braced Wing

(5-10% fuel burn benefit)

Weight

High-Rate Composites

(4-6x manufacturing increase)

Engine Efficiency

Small Core Gas Turbine

(5-10% fuel burn benefit)

Electrified Aircraft Propulsion

~5% fuel burn and 

maintenance benefit
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Ultra-Efficient Airliners: SFNP Integrated Technology Development

FY25 FY26 FY27 FY28 FY29FY20 FY21 FY22 FY23 FY24

Technology Readiness Target

Model Based Systems 

Analysis & Engineering

“Digital Flight Test”

X-66 Sustainable Flight Demonstrator (SFD) Flight Test

Transonic Truss Braced Wing (AATT) TC Completion

Hi-Rate Composite Aircraft 

Manufacturing
(HiCAM) 

Mfg. & Structural Demonstrations

Hybrid Thermally Efficient 

Core (HyTEC)

Core Demonstration

Electrified Powertrain Flight Demonstration (EPFD) Flight Tests

Electrified Aircraft Propulsion

Technologies (AATT)
TC Completion

Achieve TRL 6 in time for industry 

product decision-making
Notional

Planned

Test 

Duration
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MBSA&E Vision for the Sustainable Flight National Partnership

Objectives:
• Develop an open, cross-project, cross-

program, external-capable MBSA&E 

framework building off ARMD 

investments and capabilities across 

AAVP/IASP/TACP in support of the 

SFNP

• Conduct coordinated, integrated 

systems analysis studies for SFNP

o Common, open, reference and 

vision vehicle models

o Technology benefit assessments 

and sensitivity studies informed by 

the SFNP demos

Advanced Aerodynamic 

Ground & Flight Tests 

(AATT & SFD)

High-Rate Composite 

Manufacturing 

Processes (HiCAM)

Small Core Engine 

Tests (HyTEC)

Electric Propulsion 

Ground & Flight Tests 

(AATT & EPFD)

MBSA&E 
Digital Integration &

Knowledge Capture on Vision Vehicles

MBSA&E represents a systems-level, digital integration across SFNP projects 

supporting assessment, advancement, and technology adoption 

for 2030s entry into service subsonic aircraft.www.nasa.gov   | 7



Reserve

Development of Digital Aircraft Concept Models

• Cruise Mach: 0.8

• Cruise altitude: 38,000 ft

• Design range: 3,400 nmi

Reference 

Mission

TTBW/EAP Concept

Control 

Surfaces

Fuel 

Tanks

Spars

Cabin

Aft 

Cargo

Hydraulics

APU

Cockpit

Nose 

Gear
Main

Gear

Forward 

Cargo

Avionics

Framework development and capabilities are driven through targeted use cases.

Advanced tube-and-wing and truss-braced wing aircraft models form the first set.8www.nasa.gov  |

 



Development of a Digital Cross-Domain, Multi-Fidelity Architecture

• Structural decomposition

• Requirements verification
• System validation

MBSE System Model

UQ Analysis Model

• Non-intrusive polynomial chaos 

expansion
• Efficiently estimates uncertainties

• Translates MBSA-MBSE parameters

• Evaluates mission scenarios and 
vehicle designs

• Executes UQPCE analysis

MBSE Driver

MBSA Disciplinary Models
Potential future integration

The MBSAE digital workflow enables multi-fidelity design, analysis, optimization, and uncertainty 

quantification with a combination of commercial and open source tools9www.nasa.gov  |

 



Digital Integration Demonstrations

Parametric Verification / Sanity Checks

• Minimize fuel burn
• Design variables include gross mass, engine mass flow, battery current 

and capacity, motor max power, and trajectory

• Constraints placed on mass residual, state of charge, and trajectory

Aerostructural Optimization

• Minimize fuel burn
• Design variables include gross mass, structural sizing, and trajectory
• Constraints placed on mass residual, structural strength, lift-equals-

weight, pitching moment trim, and trajectory

Hybrid-Electric Propulsion Optimization (AIAA Aviation 2024)

• Minimize fuel burn
• Design variables include gross mass, trajectory, engine mass flow, max 

power and current, battery cell discharge rate and total energy capacity

• Constraints placed on mass residual, trajectory, throttle, Thevenin 
voltage, min state of charge, and max power and current

MBSA&E and UQ Integration (AIAA Aviation 2024)

Enables engineers to assess and mitigate uncertainties associated with a 
system model, design parameters, and constraint inputs, leading to more 
complete design studies and better-informed decision-making processes

*Simplified MBSA model
10www.nasa.gov  |  



Future Development through Industry, Academia Partnerships

Future Spirals: 

AACES 2050

While phase one prototyping emphasized NASA internal development, full success will

leverage unique contributions across industry, academia, and government
11www.nasa.gov  |
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Follow Us

www.nasa.gov/aero @NASAAero @NASAAero @NASAAero
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