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Drivers
for Transport Class Electrification
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Large Aircraft Need New Technologies
to close with benefits
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U Look at diverse set of concepts to get up learning curve as quickly as possible
U Build, test, fly, learn at successively higher power, voltage and integration levels

The solutions will b&ystemslevel
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Turboelectric Concepts

P

ropulsion 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

Boeing Sugar Volt

e Parallel hybrid, ~150 PAX

e 750 Whr/kg batteries charged from green grid

e 1-5MW, 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

e United Technologies Research Center

e Advanced energy storage can increase efficiency
with less drastic airframe changes

e Leveraging more-electric aircraft
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Parallel Hybrid and STARKBL common themes

Vehicle Concept Studies Reveal General Themes

Electrical
Distribution

Aircraft Integration

Turbine Integration

Energy Storage

Fan Operability with Stowing fuel &

Battery Ener High Voltage ) . )
yE &y &1l YOIag different shaft batteries; swapping
Density Distribution .
control batteries
Small Core )
Battery System Thermal Mgt. of low Aft propulsor design
. : development and ) .
Cooling quality heat control & integration

Power/Fault

Integrated Controls
Management &

Mech. Integration

Machine Efficiency &

Hi Power Extraction
Power

Robust Power Elec.

Parallel Hybrid Specific Common to Both  Turboelectric Specific

Component Technology Investment Strategy

» Targeting common themes for powertrain

* Invest first in flightweight motors, generators
and power electronics

e 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 lithiurair batteries

« Variable frequency AC, high voltage (kV)
transmission with double fed induction
machines

e Additive manufacturing for electric machines
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Electric Machine Size Requirements

2030 5035

Aircraft
10 MW aomw  Superconducting

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

lachine on

U Benefit smaller transport class as
well as single aisle

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

) Seat Jet
otal Propulsive Power

» Electric Motors and Generators e tic Machites

1-3 MW >13 kW/kg T
>96% efficient ~25007000 RPM

» Power Converters (rectifiers, inverters)
>1 kv DC bus 3f AC
>12-25 kW/kg >98% efficient

150 Seat
22 MW Total Propulsive Power

1-11 MW Electric Machines

300 Seat
60 MW Total Propulsive Power

PS-01758-1115
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Smaller and Electric Aircraft Can Pave the Way
bx traiIbIazing new standards and technologx uses
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Weight and
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Concept A

Analyze and verify promising propulsieaerodynamic integratiorbenefits
U Boundary Layer Ingestion
U Distributed Propulsors
U PropulsiorAirframe Integration

Buy-down risk for crucial technologies in
u Flight Control: new knobs in vehicle and subsystems
U Power Conversion: electric machines & electronics
U Power Control: vehicle electric grid management
U Fundamental Enablers: materials agutialysis capabilities
U High 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




