Objectives — Testing Handling Qualities Holistically

Provide update on FAA sponsored research used to inform policy

Describe new process that integrates development and TIA testing Elements

and considers future automation growth
Explain how pilot ratings factor into overall assessments

Introduce research flight test guide that explains new testing approach

Simulator and National Campaign
Handling Qualities Research
- Michael Feary, NASA AMES Principal Investigator



Adapting Mission Task Elements (MTE) for Civilian Operations

Handling Quality Task Elements (HQTE)

Goal:

* Set up repeatable, operationally representative maneuvers that expose handling
quality deficiencies ‘

* Path to the future, increased automation capabilities

* Develop Foundational Capabilities
* Aircraft Performance, Controls, Interfaces

* Define Testing Environment
* Usable Cue Environment, Maneuver and Range description

* Metrics for Discussion of Handling Quality Ratings
* Desired and Adequate performance criteria
* Coverage for transitions and behavior




Evaluating Vertical Takeoff and Landing (VTOL) Aircraft

Physics Based Aircraft Behavior

Thrust-borne
aircraft behavior

Wing-borne
aircraft behavior
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Evaluating Aircraft with Indirect Flight Controls

Interface

Inceptors

Displays

Software Based Aircraft Behavior

lift_mode = thrust
longitudinal_control_mode= TRC;

Indirect Flight Controls
and Decision Logic




Evaluating VTOL aircraft with Indirect Flight Controls

Pilot/Operator
Requirements

Interface

Software Based Aircraft
Behavior

Physics Based Aircraft Behavior

Inceptors

Displays

Indirect Flight Controls
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package hello;

class Main {
static void main(String[] args) {

System.out.printin("Hello World!");
}

el

If (airspeed <40)

{
if (groundspeed >+00 && groundspeed <15)
{

if(groundspeed >15 && groundspeed<25)
{

lift_mode = thrust
longitudinal_control_mode= TRC;

Indirect Flight Controls
and Decision Logic

Thrust-borne

aircraft behavior
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Evaluating VTOL aircraft with Indirect Flight Controls

Software Based Aircraft

Interface D Physics Based Aircraft Behavior
‘ o Thrust-borne Wing-borne
' Indirect Flight Controls aircraft behavior aircraft behavior
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static void main(String[] args) {
System.out.println("Hello World!");
}
}
If (airspeed <40)
! if (groundspeed >+00 && groundspeed <15)
! if(groundspeed >15 && groundspeed<25)
(Iift_mode = thrust
longitudinal_control_mode= TRC;
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Aircraft Configuration Matrix

Aircraft and

Propulsion
Configuration
Flight
ContrOI Lateral : it
Concepts s
Speed(kts) ~ +Decaying Command
Conventional (RVLT) Unified’ EZ-Fly”
Vertical Lt. Stick Fore Rt. Stick Fore Lt. Stick Fore Lt. Stick Fore
Ince ptor “Altitude” and Aft and Aft and Aft and Aft
Mapping Directional Pedal/Twist Pedal/Twist et Rt. Stick Fore
“Heading” Side Slip and Aft
Concepts Longitudinal Rt. Stick Fore Lt. Stick Fore Rt. Stick Fore Rt. Stick Rt
“Speed” and Aft and Aft and Aft and Left
Lateral Rt. Stick Rt Rt. Stick Fore Pedal/Twist Pedal/Twist
“Side Slip” and Left and Aft
Display
Concepts

Flight Path Centric Pitch Centric Other



Aircraft Configuration Matrix

Aircraft and
Propulsion
Configuration

Flight
Control
Concepts

Inceptor
Mapping
Concepts

Display
Concepts

Quadrotor
(Collective)

Lift + Cruise
(RPM)

Righinceptor
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Transitions, Behavior and Evaluation Dimensions

Lift Mode
e Thrust — borne <> Wing-borne

Reference Frames

e Earth <> Airmass <> Body frame

° Response Types Referenciframe
. e north
* e.g. Rate vs. attitude | S0V y=0
: R
=¢ Bod
* Inceptors =( Airm:\ss/windframe
=0 arth

* Motion and Effect of Cockpit Controls

* Decision Logic

safe operating set = safe flight envelope
backwards reachable set
= survivable flight envelope

forwards reachable set

* Corner Cases

* Envelope protection

a-priori safe set

= trim envelope

* Behavior at transitions
 OGE/IGE Behavior

Flight envelope

* Dynamic Interfaces



Heliport Approach

UAM Heliport Approach HOTE

Task Objectives

Check ability to accomplish precision control of the aircraft simultaneously in the pitch, roll, yaw,
and heave axes

Check for any undesirable behavior introduced by transitions across:
o Lift-Modes

©  Command modes/functions

°

Response types

Reference Frames

o

Check for ability to maintain steady approach to landing.

Identify pilot-induced oscillation tendencies, if present.

Check for overly complex power management requirements.

Check ability to perform precision vertical and lateral tracking to very low decision height and
groundspeed with a reasonable pilot workload.

Precision and Aggressiveness Level
o Precision

*  Non-Aggressive

Task Description
‘The Heliport Approach consists of four segments: capture, glidepath tracking, deceleration, t and
land. Begin the maneuver in straight and level flight at the specified approach speed (see table 1), m an
altitude of 500 ft above and > 1 pmi downrange of the target landing area. Capture and maintain the
specified target approach glidepath angle, for the specified capture height. While maintaining the approach
glidepath angle, begin a smooth deceleration profile. Altitude and groundspeed at the landing area threshold
shall be approximately 10 ft and 10 kts, respectively. Then complete hover to landing at center of landing
area

‘The approach profile and suggested test course is shown in Figure 1. The minimum visual cues for the test
course shall consist of ground markers clearly indicating the center and boundaries of the target landing
area. Specific course markers indicating performance during the approach are not required. Glidepath
tracking performance shall be monitored via Visual Glide Path Indicators and the cockpit PFD.

Maneuver Test Conditions

Any operational weight, most adverse CG location
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LATERAL REPOSITION AND HOLD

Task Objectives

Check roll axis and heave axis handling qualities during low speed lateral maneuvering.

Evaluate the ability to capture and maintain position and hover height.

Check for any undesirable coupling between the roll inceptor/controller/inceptor and other axes.

Check ability to recover from low speed lateral translation rates with precision.

Identify pilot-induced oscillation tendencies if present.

Check for any undesirable behavior introduced by transitions across:
« Command modes/functions

« Response types

« Reference Frames

Precision and Aggressiveness Level
« Precision
Limited Agility
Task Description
Start in a stabilized OGE hover at 10 ft altitude with the longitudinal axis of the aircraft oriented 90 degrees
toa ground track reference line marked on the ground. Initiate a lat to 20kt
(or a speed necessary to force a transition) followed by a deceleration to laterally reposition the aireraft in
a stabilized hover 400 ft down the course. The acceleration and deceleration phases shall be accomplished
as single smooth mancuvers. The aircraft must be brought to within +5 ft of the endpoint during the
deceleration, terminating in a stable hover within this band for desired performance. A stabilized hover
shall be maintained for 5 seconds and then the maneuver is repeated back in the other direction towards to
original starting point, which is then again held for 5 seconds. The mancuver is complete when a stabilized
hover is achieved, back at the start location.

Course Description

‘The test course shall consist of a reference line and markers indicating ground track and tolerances. It is
recommended that the test course also include Hover Boards at each stabilization point. These Hover
Boards provide lateral position and vertical performance cues to the pilot when attempting to stabilize at
the endpoints of the course, while the ground track provides for/aft cucing. A course layout for the Lateral
Reposition and Hold HQTE is shown in Figure 1.
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Figure 1: Course for Lateral Reposition and Hold HQTE

Recapture Hover §

Pirouctie HQTE
Task Objectives

« Demonstrated ability to accomplish precision control at low speed during multi-axis mancuvers
(pitch, roll, yaw, and heave axes).

Check for any undesirable coupling between the roll, pitch, yaw, and heave axis controllers.

Identify pilot-induced oscillation tendencies, if present

Precision and Aggressiveness Levels
« Precision

* Aggressive

Task Description

Initiate the maneuver from a stabilized hover over a point on the circumference of a 100 ft radius circle

‘with the nose of the aircraft pointed at a reference point at the center of the circle, and at a hover altitude of

approximately 10 . Accomplish a lateral translation around the circle, keeping the nose of aircraft pointed
t d the ci i a int on th Maint

essentially constant lateral groundspeed of 4 knots (45 scconds) for the first 180 degrees and 6 knots (30
secs) for the second 180 degrees of the maneuver, Terminate the maneuver with a stabilized hover over the
starting point. Perform the maneuver in both directions.
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Summary

Accomplished 3 Research Objectives and Foundation for FAA and NASA collaborative work

* Foundational Simulator Capability
* Modifiable components — aircraft performance, controls, inceptors, displays
* Connection to High Fidelity simulator platforms (e.g. Vertical Motion Simulator)
* Engineering display to evaluate HQTE flight technical error
* Platform designed for future automation development and evaluation

* Industry representative VTOL aircraft with “Unified like” flight control system
* Collective control quadrotor
* RPM controlled Lift + Cruise aircraft

* Aircraft Control
* Modified aggressiveness levels during study
* Examples for both adequate and inadequate handling

* Test courses
* Developed virtual range requirements used for specific tasks
* Visuals for NASA-FAA National Campaign ranges

* Tested 54 HQTE conditions
* Low speed and Hover maneuvers, approaches
* multiple Flight Test Pilot/Test Engineer pairs



