Overview/Description

New manufacturing methods are needed
to enable innovative electric motor designs
that have much higher power densities
and/or efficiencies compared to the current
state-of-the-art. Additive manufacturing
(AM) offers the potential to radically
change motor designs so that they have
compact designs, multi-material
components, Innovative cooling, and

optimally designed and manufactured
components.

(@)

LN

Power Density (hp/Ib)

N

NASA 15 Passenger Tilt-wing 0

SoA Axial Flux Permanent
Magnet Motor

"CAMIEM-v2”

z &5
175 SR
G'trs 7

S

Axial Flux with Halbach Arrays of

CAMIEM

ompact Additively Manufactured Innovative Electric Mo
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Feasibility Assessment

system studies by Georgia Tech project a
28% reduction in gross vehicle weight
and a 24% reduction In mission energy
for the NASA 15 Passenger Tilt-Wing.

Evaluate the feasibility to additively manufacture motor
components towards achieving benefits of more compact,
lightweight, efficient, and power dense motors.

Assess new motor topologies and design concepts enabled
by the additive manufacturing process against baseline
motor to achieve higher power densities over the State of
the Art (SoA).
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NASA Motor Testing Capabilities

Propeller Test
Stand

Dynamometer

Magnets cooling ring
« Mass =1968 g « Mass = 1870 g (5% less mass)
* Motor Constant ~24 V/rpm * Motor Constant ~35 V/rpm

Principal Investigator:
Co-Principal Investigator: Dr. Samuel Hocker

National Aeronautics and
Space Administration

Partners

 NASA GRC / Additive manufacturing of high performance
stators. PI/POC: Michael Halbig

 NASA LaRC / Additive manufacturing of structural motor
components. POCs: Dr. Samuel Hocker & Christopher Stelter

« NASAAFRC / Electric motor ground test. POC: Ethan Nieman

« LaunchPoint Technologies / Baseline electric motor; Innovative
electric motor designs. POC: Mike Ricci

* University of Texas El Paso / Advanced manufacturing, winding
& embedding of a litz wire stator. POC: Dr. David Espalin

- Recent Results / Status -

 Two baseline motors were re-configured using AM design
structural components for CAMIEM-v1 and CAMIEM-v2.

« CAMIEM-v1 had a mass savings of 7% and was propeller
tested at AFRC, demonstrating feasibility.

* Multi-physics models were used to evaluate the potential
impact for additively enabled designs for stators and thermal
management components.

« A fully integrated motor configuration with AM components is
projected to increase power by 2x, power density by 1.8, and
torque density by 2x.

 Complete experimental validation of the CAMIEM-v2.

Next Steps

« R&D of relevant additively manufactured structural, thermal
- Publications

management, and stator components.
 R&D of materials tailored for additive manufacturing.
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