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eVTOL Evaluation Challenges

Diversity in proposed aircraft and control concepts
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Operations in low speed and hover may be restricted for some candidate
eVTOL aircraft due to lack of cyclic and/or collective control
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Powered Lift (e.g., winged eVTOL) have additional control challenges in
transition
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Automation is proposed to help with these challenges
* Industry concepts proposing Indirect Flight Controls (IFCS)

/ EmbraerX

Existing Means of Compliance inadequate for IFCS and increasing
automated functions

Pipistrel Carter Aviation

* |FCS airplanes have only been certified under Special Conditions

How do we evaluate whether proposed concepts of operations are
compatible with eVTOL aircraft and automation?

Photo courtesy of Vertical Flight Society, 2023



NASA Model and Simulation Development

Vehicle Models

e RVLT design concepts with
stability/control analysis!?

Vehicle Transitions

Lift and control mode transitions
(e.g., winged eVTOL taxonomy)

Command Concepts

Enabling operations with
command response types?
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1) Silva, C., Johnson, W., Antcliff, K., and Patterson, M., “VTOL Urban Air Mobility Concept Vehicles for Technology Development”, AIAA 2018-3847, June 2018.
2) Kaneshige, J., Lombaerts, T., Shish, K., Feary, M., “Command and Control Concepts for a Lift Plus Cruise Electric Vertical Takeoff and Landing Vehicle”, AIAA 2023-3910, June 2023.




Inceptors, Controls and Displays

Dual Inceptors Controls & Automation Enhanced/Synthetic Vision
Displays
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@Command Concepts
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Pilot Automation Interaction (PAIl) Framework

Mission Management

Task Management
(Human-Over-the-Loop)
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Autoflight Command
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A . PAl -4 Mission no real-time
Management intervention
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Integrated aircraft Management and
Path Command automated functions optimization across
Autopilot with including response to  operational contingencies
PAI -1 Maneuver Aircraft Flight Path hazards (e.g., m:n Operations)

Command Management
PAI-0 Target Autopilot
Command with specified,
Vector Control Autopilot linkable maneuvers
Mapping of axis without Flight Path
Axis Control commands to vectors Management
Conventional pilot to simplify aircraft
interfaces with control

stability augmentation



Autoflight Command
(Human-On-the-Loop)

B=C

Stability Augmented Control
(Human-Within-the-Loop)
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Command
Vector Control Autopilot
Mapping of axis without Flight Path
Axis Control commands to vectors Management
Conventional pilot to simplify aircraft
interfaces with control

stability augmentation



* Objective: Evaluate challenges
associated with information and
automation requirements for
expected Urban Air Mobility (UAM)
operations using representative
powered lift aircraft

* Developed 11 candidate maneuvers

* Evaluated through series of three
VMS experiments

* Findings provided lessons on
automation design and supported
means of compliance evaluation
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Future Interfaces, Automation, Information

Mission Management
Interfaces
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Flight Management and
Autopilot Interfaces
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Increasing Automation
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Questions?



