
National Aeronautics and Space Administration

Electrification of Vehicles in the Transportation Class

1

Amy Jankovsky

Co-Contributors:  Dr. Cheryl Bowman, Ralph Jansen, Dr. Rodger Dyson

NASA Glenn Research Center

AIAA Aviation 2017, June 5-9, 2017

Denver, Colorado



National Aeronautics and Space Administration

Drivers 
for Transport Class Electrification

ü Lower Carbon Footprint
ü Lower Costs
ü Lower Noise
ü Lower Emissions
ü Carbon-Neutral Growth

Aviation Emissions, Impacts, Mitigation, A Primer, FAA 

Office of Environment and Energy, Jan. 2015
NASA Aeronautics Strategic Implementation 

Plan 2017 Update

Reduce Carbon Footprint by 50% by 2050…in the face of increasing 
demand, and while reducing development, manufacturing and 
operational costs of aircraft & meeting noise and LTO NOx regulations
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Calculated power 

and efficiency 

curves, etc.

Vehicle systems studies 

including missions profile,  

propulsion system, CFD 

Materials and 

electromagnetic properties, 

EMI, fault tolerance, etc.

The solutions will be Systems-Level

üLook at diverse set of concepts to get up learning curve as quickly as possible

üBuild, test, fly, learn at successively higher power, voltage and integration levels

Large Aircraft Need New Technologies 
to close with benefits
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Turboelectric Concepts

NASA N3-X

NASA STARC-ABL

Propulsion Challenges

•300 Passenger Turboelectric: Hybrid Wing Body; Lower Fan Pressure + 

Boundary Layer Ingestion 

•Superconducting (including transmission)

•~4  MW Fan Motors at 4500 RPM

•~30 MW Generators at 6500 RPM

•~5-10 kV DC Bus Voltages

•16.4 kW/kg,  99% efficient Electric Machines

•Advanced cryocoolers

•17-35 kW/kg, 99.0 % efficient Cryogenic Power Converters 

• Single aisle, turboelectric (partially), 150 PAX

• Aft boundary ingesting electric motor (lightly 

distributed)

• 2.6 MW motor, ~2500 RPM

• 1.4 MW generator, ~7000 RPM

• 13.6 kW/kg, 96% efficient electric machines

• 7-12% fuel burn savings for 1300 nm mission
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Hybrid Concepts

•Advanced energy storage can increase efficiency 

with  less drastic airframe changes

•Leveraging more-electric aircraft

Boeing Sugar Volt

• Parallel hybrid, ~150 PAX

• 750 Whr/kg batteries charged from green grid

• 1-5 MW, 3-5 kW/kg, 93% efficient electric machines

• 60% efficiency improvement over 2005 baseline aircraft if a 

renewable grid is assumed (i.e. wind) to charge batteries

Detailed Parallel Hybrid Analyses
• Looked further into mission optimization

• Rolls Royce

• United Technologies Research Center
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Parallel Hybrid and STARC-ABL common themes

Vehicle Concept Studies Reveal General Themes 
Component Technology Investment Strategy 
• Targeting common themes for powertrain
• Invest first in flightweight motors, generators 

and power electronics
• Successively include more interfaces (motor 

plus controller, filter, thermal control, etc.) 
• Enabling materials to achieve required power, 

voltage, energy densities and efficiencies 

Targeted Higher Risk Work such as:
• Multifunctional structures (structure integrated 

with battery/supercapacitor)
• Electrolyte engineering for lithium-air batteries
• Variable frequency AC, high voltage (kV) 

transmission with double fed induction 
machines

• Additive manufacturing for electric machines
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Electric Machine Size Requirements

ü 1 MW class of machines common 
to majority of concepts NASA is 
looking at

ü Benefit smaller transport class as 
well as single aisle

Near-term Challenge is to focus on 1-3 
MW powertrains with MW-class 
components:

• Electric Motors and Generators
1-3 MW >13 kW/kg
>96% efficient ~2500-7000 RPM  

• Power Converters (rectifiers, inverters)
>1 kV DC bus 3fAC
>12-25 kW/kg >98% efficient
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Smaller and Electric Aircraft Can Pave the Way
by trailblazing new standards and technology uses

Analyze and verify promising propulsion-aerodynamic integration benefits
ü Boundary Layer Ingestion
ü Distributed Propulsors
ü Propulsion-Airframe Integration

Buy-down risk for crucial technologies in 
üFlight Control: new knobs in vehicle and subsystems
üPower Conversion: electric machines & electronics
üPower Control: vehicle electric grid management
üFundamental Enablers: materials and analysis capabilities
üHigh levels of power extraction from turbine engine

Enable the paradigm shift from pistons and turbines to electric, hybrid electric, and turboelectric propulsion to 
reduce energy consumption, emissions, and noise


