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ABSTRACT

Hybrid-Electric distributed propulsion (HEDP) is becoming widely
accepted and new tools will be required for future development
with validation and demonstrations during ground and eventually
flight testing. Intelligent health management will be paramount to
any future ground and flight testing activities planned by the
industry on HEDP systems. To support this, an intelligent
prognostics and health management (ePHM) system will be
designed and executed for the HEDP system on the NASA
Dryden Hybrid Electric Integrated System Teststand (HEIST)
(AirVolt optional), which will be developed as part of a parallel
Phase Il SBIR by ESAero, the proposer here. Most
developments in PHM surround air vehicle subsystems and
avionics, specifically on the electronic board level, and many of
these are integrated after the systems are designed. These
developments have or are establishing the ability to monitor the
degradation of a subsystem in real-time, making it conceivable
that actionable information can be fed to a Integrated
Autonomous Controller for self-repair decisions, leveraging the
Propulsion Airframe Integration benefits. Reliability can be
calculated and maintenance can be planned ahead of time
rather than at the point of failure, significantly increasing safety.
General Atomics, Electromagnetic Systems Group (GA) will
continue to play a vital role.

ANTICIPATED BENEFITS

To NASA funded missions:

Potential NASA Commercial Applications: Phase Il will, at
minimum: validate the specific HEDP model from Phase | and
develop additional specific HEDP and TeDP models from the
qualitative considerations from Phase |. This includes detailed
piece part FMECA to validate the functional FMECA from Phase
| upon which the models are based for the AirVolt and HEIST
capabilities. The ePHM provides NASA an immediate testing
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and reliability capability for HEDP aircraft in conjunction with the
separate Phase Il HEIST and AirVolt efforts with NASA Dryden.
This capability can be established beyond Dryden's efforts at the
conclusion of the proposed Phase I, for independent
technologies being developed at Glenn or systems at Langley.
This capability, when implemented, will help NASA and all
participating parties create the performance, safety, reliability,
maintainability and self-repairing requirements for all of the
required future technologies. Integrating PHM now will help
NASA introduce electric aircraft with "supercontrollers" which are
safer, more reliable, and as capable as those flying today. The
PHM system can manage the health of all of the subsystems
and disciplines, providing actionable data to air vehicle controller
to increase safety and reliability and even make decisions on
maintenance.

To the commercial space industry:

Potential Non-NASA Commercial Applications: As mentioned,
the team is in a unique position as General Atomics has
developed RPA and other large PHM systems and their sister
company, GA-ASI, manufactures RPA payloads and a major
RPA asset (MQ-9 Reaper). Most of the considerations outlined
above for NASA also apply to the Air Force Research Labs. The
ePHM system immediately developed and implemented during
Phase Il can be modified for direct use on AFRL's testing assets
with very little investment. For these same reasons, AFRL
becomes another potential partner to contribute to the Phase Il
activities. GA plans to market this health monitoring platform and
solution as an addition to existing defense programs that are
already underway at GA. GA plans to market the final product to
the commercial and defense market. An immediate customer for
the proposed ePHM product is Navy UCLASS UAV, Air Force
MQ-9 UAV and Army MQ-1C Gray Eagle UAV. GA's business
network in the area of nuclear power generation will also benefit
from the capabilities of ePHM technology. GA is interested in
partnering with ESAero and NASA Dryden in this program for the
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Technology Areas

Primary Technology Area:
Aeronautics (TA 15)
Transition to Low-Carbon
Propulsion (TA 15.4)
Initial Introduction of
Alternative Propulsion
Systems (TA 15.4.2)
Establish One or More
Gas-Electric Propulsion
Concepts (TA 15.4.2.1)

Secondary Technology Area:
Science Instruments,
Observatories, and Sensor
Systems (TA 8)
In-Situ Instruments and
Sensors (TA 8.3)
In-Situ (other) (TA 8.3.3)

Additional Technology Areas:
Aeronautics (TA 15)
Transition to Low-Carbon
Propulsion (TA 15.4)
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purposes of enhancing the safety and performance of the hybrid-electric propulsion technology.
The results of this work are applicable to any systems with distributed energy architectures,
including aircraft, locomotives, mining trucks, cars or other vehicles, electrical distribution
networks, commodity management (cement plants, etc.), oil & gas extraction and distribution, etc.

U.S. WORK LOCATIONS AND KEY PARTNERS

M U.S. States With Work = Lead Center:
Armstrong Flight Research Center

Other Organizations Performing Work:
e Empirical Systems Aerospace, Inc. (Pismo Beach, CA)
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PROJECT LIBRARY

Presentations

e Briefing Chart
o (http://techport.nasa.gov:80/file/23052)
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DETAILS FOR TECHNOLOGY 1

Technology Title

ePHM System Development, Hardware-in-the-Loop Testing, Fault Tree, and FMECA Applied to and
Integrated on NASA Hybrid Electric Testbeds

Potential Applications

Phase Il will, at minimum: validate the specific HEDP model from Phase | and develop additional
specific HEDP and TeDP models from the qualitative considerations from Phase |. This includes
detailed piece part FMECA to validate the functional FMECA from Phase | upon which the models
are based for the AirVolt and HEIST capabilities. The ePHM provides NASA an immediate testing
and reliability capability for HEDP aircraft in conjunction with the separate Phase Il HEIST and
AirVolt efforts with NASA Dryden. This capability can be established beyond Dryden's efforts at the
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conclusion of the proposed Phase Il, for independent technologies being developed at Glenn or
systems at Langley. This capability, when implemented, will help NASA and all participating parties
create the performance, safety, reliability, maintainability and self-repairing requirements for all of
the required future technologies. Integrating PHM now will help NASA introduce electric aircraft with
"supercontrollers" which are safer, more reliable, and as capable as those flying today. The PHM
system can manage the health of all of the subsystems and disciplines, providing actionable data
to air vehicle controller to increase safety and reliability and even make decisions on maintenance.
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