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A History - Early NASA-Ames/Army Vertical Flight Research

—~

Bell X-14B (VTOL experimental
aircraft)

_ Hawker P.1127
Ryan VZ-3RY Vertiplane

Ryan XV-5B ("fan-in-wing”)



History — Early NASA-Ames/Army Indirect Flight Control
ﬁs&mﬂ center Am S (I FCS)

RAH-66 Comanche prototype

Comanche surrogate (Sikorsky)



/1 Training the Powered-Lift Evaluation Pilot (Background)
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This presentation regards the
preparation and training of Fixed and
Rotary wing pilots as pilot evaluators*
for the Automation Enabled Pilot -2
(AEP-2) research study conducted on
the NASA Vertical Motion Simulator
(VMS) In June 2024.

* comprehensive pilot training is essential

NASA-Ames Vertical Motion Flight Simulator
(World’s largest Motion Base Simulator)



A Presentation Outline
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* Goals of the AEP-2 Study on the VMS
* Training objectives and challenges
* Training procedures (classroom and fixed base simulator)

* Introduction to the Aerospace Cognitive Engineering Rapid Automation
Test Environment (ACEL-RATE) “Training” Simulator

 Lift Plus Cruise (LPC) Concept Vehicle & equipment

* Maneuvers and Automation Tasks

* Subjective ratings

* Training Observations

e Study results are currently being collected and analyzed




/1 Training the Powered-Lift Evaluation Pilot (AEP-2 study)
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- AEP-2 Study Goal

« Evaluate flight path information and automation requirements for expected Urban Air Mobility
(UAM) operations using representative Powered Lift aircraft automation

* Objectives
 Evaluate challenges associated with transitioning from forward flight
to a vertical landing with industry representative eV TOL aircraft

« Explore challenges associated with safe and efficient operations when
flying representative UAM approach procedures

» Establish baseline for future automation studies

« Approach
 Simulate Lift Plus Cruise (LPC) eVTOL vehicle design concept developed
by NASA’s Revolutionary Vertical Lift Technology (RVLT) project

 Develop representative Simplified Vehicle Controls (SVC) and displays with advanced
automation technologies

« Evaluate using representative airspace procedures
« Required Navigation Performance with Authorization Required (RNP-AR)
» Localizer Performance with Vertical Guidance (LPV)



/1 Training the Powered-Lift Evaluation Pilot (Training Objectives)
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Training Objective:

Train the evaluation pilot with the knowledge and skill to
complete and rate AEP-2 study maneuver requirements
without overtraining.

* Pilot training included:

e Lift-Plus-Cruise (LPC) eVTOL model
* Indirect Flight Control System (IFCS)
* Novel approach procedures

* Three levels of approach automation

» LPC Control interfaces and displays
 Agnostic evaluation methods Lift-Plus-Cruise




Training the Powered-LIft Evaluation Pilot
(Training Challenges)
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. agwy | Time(min) [toaton |
Notable Training Challenges: Tm Cellect NASA wistor badges

0 Mlain gate visitor badging office
Dy 1 0830 Intraductions 0 Buiding 262, room 283
Dayl 0930  AEP2 Study Briefing and O & A B0 Building 262, raom 283
° L| m|ted tl‘a | N | N g t| me (O ne d ay) Dayl 1030  ACELeRATE Session 1 [Vehicle Familiarization Flight) ap Building 262, room 285
Dayl 1200 Lunch B0
° C om p leX a | rc raft, trans It | onm Od es an d I FCS Dayl 1300  ACELeRATE Session 2 [Contreller Familiarization Flights) aD Building 262, room 285
. . Dayl 1430  Bresk 30
¢ D I Ve rse p I lot b a C kg ro U nd S D.u:lri 1500 ACELeRATE Session 3 (Flight Test Manauvers) o Building 262, room 285
* New and Novel ————
Day?  OBDD  Asrive and VBS Brisfing 30 Building 243
¢ M aneuver conce ptS DayZ 0830 WS Familiarization Flight 30 Building 243
* Information displays and flight control I I RS 0 Buiding 243
. Day2 1030  Bresk 30
¢ AUtomatlon Concepts DayZ 1100 VMAS Session 2 a Building 243
* Scopingtraining elements to those required to fly '™ ™ =% N ——
and evaluate the maneuvers (Approach, Day2 1500 Bresk %
h over & la N d | N g) Day2 1530  Postexperiment discussion and out brief &0 Buiding 243

Day2 1700  Depart

Training subjective rating scales
& J & Training Schedule
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Training Procedures (See paper for details)

Procedures:

 Training Requirements Analysis
« Aircraft Flight Manual
 Training Schedule

 Classroom training

Establishing a positive training expectation™
Confirming pilot background
LPC description, controls and displays

Flight maneuvers and test conditions including
environmental conditions, and aircraft traffic

Training and Performance objectives
Use of rating scales

{Q,/imgl)ator familiarization (ACEL-RATE Simulator and

Conduct of the test/study

* Important for reducing pilot concerns

NASA HYBRID
ELECTRICLIFT
PLUS CRUISE V.5-
ACCI

ARCRAFT FLIGHT MaNUAL

>F 3

/> s 7

S

Aircraft Flight Manual




;A g Training Procedures (Continued)
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Continued

* In Simulator Training
* Simulator familiarization (Inceptors, Grips, Buttons,
displays, ergonomics, etc)
» Safety protocols
* Visual Environment including weather and FOV
* Eye tracking glasses
* Maneuver practice and training
* Low-Speed Flight
Hover (Control commands & Stabilization,
Inceptor mapping & envelope limits)
* Up and Away Flight
Ildentify lift modes, transitions, Control commands & stabilization, Inceptor
mapping, envelope limits, display information elements, and traffic
 AEP-2 Study Maneuvers and use of subjective rating scales
Post simulation briefing and introduction to the VMS

ACEL-RATE Simulator



Aerospace Cognitive Engineering Rapid Automation
/1 Test Environment (ACEL-RATE) Simulator
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Large Field-Of-View Simulator



A ACEL-RATE Simulator Comparison with the VMS

* The ACEL-RATE
simulator replicated the

Hand
displays, control laws Light Hold
(command & Primary
stabilization) and the Flight
outside visual Display
environment of the VYMS ~ Mép Enging Health

Display
* Major differences
between the ACEL-RATE Left .
. Inceptor Right
and VMS included the Inceptor

motion base, Field-Of

View, use of twist for / .
yaw on the right LV Lower

Window Pedals Window

inceptor and minor
differences in the grip ACEL-RATE Simulator
design.
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Flight Mode Annunciators Synthetic Vision

\ Background

A/P
Landing " 2024-04-24 14:34:02
Ny i i PAPT Avg All
C t Target Predicted Hover SRR Target Engineering FLITIMEYA2 seconds H‘l
Aiton Target . Altitude Data WING BORNE
True Airspeed Heading f » Point

(WB Lift) CC-1/AHA-0 2 Note Battery

Speed \

Vertical

- - Remaining
Wind velocit) 2900 / Speed Scale Thrust Limit N 0%
Direction aieE '% . Vert?ca} Percentage
_ Track up Line it Deviation y
Range Orientation X Indicator
Rings . - Current — [os 31 ; b o Glideslope Thrust from
Airspeed [ 2 ; y Indicator
Symbol e | Propeller
: 5 THRUST
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I Low Speed lyaw: arg efzeclwr
' b~ : imits; Control is
- Flught Path Landing area satiratod wher barts
Maneuver Data Indicator fully green.
(for development only) Se‘“‘;‘;t’:‘rac‘;‘gat'°“
B DEST: HO1 . . . Control
10 DEST; 557 ft Pr|mary Fl|ght D|Splay Positions
Edwards AFB imagery in background
Map Displa
p p y Left Inceptor Riiht Inceﬁtor _ SySte m H ea lt h
Hover Engage . D I S p l.ay
Map zoom Button 1
Increase : °
Camera Trigger Trim Down
Trim Left + Trim Right
Map Zoom
Decrease Trim Down
Altitude
TOGO Button - Decrease
Thrust Camars THager Left Lateral ,_I_.Right Lateral
Increase iz ee
1 Altitude
<I Increase
Thrust AHA Left Yaw ,.,.. Right Yaw
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(Twist -
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AEP-2 Study: Lift Plus Cruise (LPC) Concept Vehicle
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Lift Plus Cruise LPC Winged eVTOL Taxonomy
o | g . ity
PN 2N S * Thrust Borne (TB) Lift (0-20 KIAS) |
| ‘:! '71~~- &4‘ } = o Rotors provide lift
b ¥l o Airframe produces minimal aerodynamic effects

< « Semi-Thrust Borne Lift (STB) (15-40 KIAS)
_ o Rotors provide primary lift HE
* Design Parameters o Airframe produces moderate aerodynamic effects |
o Gross Weight =6013 lbs (i.e., requiring AoA and sideslip considerations)
o Payload =1000 lbs (5 . . .
e ‘ + Semi-Wing Borne Lift (SWB) (30-100 KIAS)
o Wingspan = 47.42 ft o Airframe pr(?vides primary Lift | <
o 8 collectively controlled rotors o Rotors provide some lift (e.g., for AOA protection)
o 1 pusher propeller o Airframe produces significant aerodynamic effects
o 2 ailerons, 1 elevator. 1rudder (i.e., requiring AoA and sideslip protection)
* Performance Parameters * Wing Borne Lift (WB) (90-120 KIAS)
o Range =50 nm o Airframe provides lift \
o Bestendurance speed =90 kts o Rotors are stopped

o Maximum speed =123 kts

Silva, C., Johnson, W., Antcliff, K., and Patterson, M., “VTOL Urban Air Mobility Concept Vehicles for Technology Development”, AIAA2018-3847, June 2018.
Advanced Rotorcraft Technology, Inc., “Improved Fidelity Simulation Models for VTOL Concept Vehicles ”, SBIR Phase 11l 8ONSSC2 1C0610 Progress Report No. 3, May 2022.



@ LPC-COL Control Allocation Schedule

Hover Regime Transitional Regime Forward Flight Regime
A | |

Thrust Borne (TB) Lift
Semi-Thrust Borne Lift
(STB)

Semi-Wing Borne Lift
(SWB)

Wing Borne Lift (WB)

Collective rotors

Propeller

0 20 40 60 80 100 120
KIAS



LIFT MODES, CONTROL COMMANDS, STICK
INCEPTOR MAPPING

Ames Research Genler

Left Stick

Lifting Modes Speed Vertical Lateral Directional

F(KIAS) Accelerate Descend Groundspeed

+ -
Go PN Go o
D Left B Right -

Decelerate ] Yaw Left Yaw Right

Forward Vertical Lateral

Groundspeed Speed Groundspeed HieadingiRate

Hover Engaged

TB Lift Vertical
(0-20 KIAS) Acceleration? Acceleration

STB Lift
(15-40 KIAS)

SWB Lift
FPA Rate (34+ KGS)

WB Lift
(90-120 KIAS)

1. Acceleration is relative to forward groundspeed
2. Acceleration is relative to indicated airspeed

Bank Angle Heading Rate



A Study Sessions and approaches

Simulation Session One
* Full 6-degree approach  Auwem

Simulation Session Two ™ *

400

* 6-degree approach from jjj
Intercept
* 12-degree approach from “ e
intercept Y ponatosance )

Simulation Session Three
* 6-degree final approach



/ Ames ﬂESEﬂfoI center

RNAV (RNP) Approach Plate

Example of 6-Degree
Arrival Approach

Session one -
Maneuver Description
RNP-AR: Initiate the on
the arrival path (0.4
NM) prior to EDA16.
Fly the arrival procedure
maintaining the lateral,
vertical and speed
profile.

Note the speed
limitations of 100K and
70K.

EDWARDS, CALIFORNIA AL-500 (NASA) 24036
WAAS APPCRs | Padldg 2273

CH 52823 g0 | TOZE 2273 RNAV (RNP) A24H01

W30A Hpt Elev 2273 EDWARDS AFB (KEDW)

RNP AR. GPS required. RF required.

RNP AR 0.1: Missed approach requires RNP less than 1.0.
Maintain 2900MSL at 100 kts to IAF 124H1. Decelerate to 70
kts transitioning to FAF F24H1 and begin descent.

MISSED APPROACH: Direct to ALLAZ 2600MSL then climbing
right turn to 2900MSL direct D27H1 and J27H1.

ATIS * JOSHUA APP CON/DEP CON

TOWER* GND CON

127.425 269.9 133.625 348.7 120.7 (CTAF) 318.1 (CTAF) 1218 2254
(IAF)
EDA16
A
Or
W
X
EDB16
\
\
\\
“.__EDWo9
e
e
5 (IF)
<¢>’27H1 \:» ~=— 124H1
(RNP 0.1) WSAHO1 25\,
70K/
7700

> ~ A
D27H1 <= N

RS A ot
A 28

8 <> (FAF) =

2 @
=< GORDO 247

ALLAZ

ELEV | 2273 | | TLOF | 2273 2600 [ ALLaz | 2900 F24H1 124H1
A |
' < - _A
5 ‘ﬁ’ i GORDO > < v
'y 2900
= Ho1 \z_’ . o s I:r-ru
® ROv 228 | 2600
""" e GP 6.00°
— TCH 15
® 0.55 NM 0.45 NM 0.78 NM
CATEGORY | A | B | C | D
LPV DA | 2473-%200 (200 - %)
FAF to MAP_0.68 NM
Knots | 45 | 60 | 70 | 80 [ 90 [ 100
Min:Sec | 0:47 | 0:41 | 035 | 030 | 027 | o024

EDWARDS, CALIFORNIA
Amdt1l 25MAR24

34°53'N-117°53'W

EDWARDS AFB (KEDW)
RNAV (RNP) A24H01




Bird on the wire
approach & Landing

1.Bird on the Wire Approach: This approach involves a
fast approach followed by deceleration and touchdown,
aiming to minimize the time spent in hovering flight.
2.Energy Efficiency: The approach is designed to reduce
aircraft energy use by staying on the wing (using lift from
the wing) as long as possible during the approach, before
transitioning to hovering flight for landing. Hovering flight
(using lift from thrusters) consumes more energy
compared to lift on the wing.

3.AEP-1 Findings: During AEP-1, it was found that pilots
struggled to land accurately and reliably at the intended
landing spot.

4.Proposed Solution for AEP-2: To address this issue, the

deceleration and decrab process was automated in AEP-2.

Even Birds have difficulty landing



Bank Angle Arc Bank & Slip

Flight Mode Annunciators
Pitch line
t u y Ove r O e S Engineeting
/ Ames Research Center Data
Pitch Angle
In Degrees Current Altitude

TCAS Intruder
Assistive Hover Automation Behavior and Interface ~ #e="
* Assistive Hover Automation (AHA - 0)
— Hover Button arms Hover mode
— Predicted hover point is not displayed
— Hover mode engages below 10 KFGS

Rate of descent/climb

Ground Radar Altitude
* RHI lateral movement transitions from bank angle to lateral groundspeed Speed Flight
* RHI twist adjusts aircraft direction (yaw). Pedals for yaw In ACEL-RATE sim. D,Ig t
Predicted Hover Point AircraftWi Horizonal situation Irector
* Assistive Hover Automation (AHA - 1) Along Current Track Mini Map Ircratt VVings Display Rightinceptoe
— Hover Button engages Transition to Hover Flicht Path - * & )‘
* Automatically commands a 2.5 knot/sec deceleration rate? ight Fa o Engage =y
. Marker/Vector e
* Automatically commands a decrab maneuver? .
— Hover Mode engages below 10 KFGS #andlng '
* RHI response transitions from bank angle to vector-based track angle Current arget Prgdlcted Hover
True Airspeed Heading \ _~ Point
* Assistive Hover Automation (AHA - 2) Commanded Predicted Hover Point o | - il
— Hover Button engaged Transition to a Hover Point Flight Path Vector ~ Along Commanded Track N \ e . Direction
* Automatically commands a deceleration to the hover point? I
* Automatically latches to helipad if “close enough” when transition is engaged _. Trackup
+ Automatically commands a decrab maneuver? Range Orientation
— Rings . w=
Hover Mode engages pelow 10KFGS 85 w . Nt
* RHlresponse transitions to command a hovertarget®  EEEEEEEEEEE B e . T A | S
Symbol
(1) Can be modified with Left Hand Inceptor (LHI) inputs y}&ﬁ
(2) Can be modified with Right Hand Inceptor (RHI) twist inputs. Pedals input In ACEL-RATE sim. Commanded/Computed Commanded Hover Point - 4~ iR L
(3) Can be modified with Right Hand Inceptor (RHI) lateral inputs Flight Path Vector Along Computed Track 33 < | y
RADALT
Maneuver Data
(for development only)
‘“"aﬁ L DEST: HO1

TO DEST; 557 ft



12-degree approach, AHA-2, No Wind

9 21:57:06
42 seconds

20RO AN

Example of a 12-degree training video — watch the predicted hover
point circle as it overlays the landing target point circle
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Yes

OPERATOR DEMAND LEVEL RATING
Workload insignificant.
. Workload low.
Enough spare capacity for all desirable additional tasks.
Insufficient spare capacity for easy attention to additional 4

Was

workload tasks

Reduced spare capacity. Additional tasks cannot be given

satisfactory : C
without the desired amount of attention.
reduction? Little spare capacity. Level of effort allows little

attention to additional tasks.

Very little spare capacity, but the maintenance of effort

Was

Very high workload with almost no spare capacity.
Difficulty in maintaining level of effort.

workload tolerable
for the task?

Extremely high workload, no spare capacity. Serious
doubts as to the ability to maintain level of support.

Was it

possible to

complete the ‘ Tasks abandoned. Pilot unable to apply sufficient effort.

task?

Enter Here

(Roscoe, 1984)

Subjective Rating Scale Training

Cooper Harper Rating Scale

LN

attainable with a tolerable

Adequacy for selected task or
required operation*

Demands on the pilot
in selected task or
required operation*

Aircraft
characteristics

Pilot
rating

Excellent
Highly desirable

Pilot compensation not a factor for
desired performance

Good

Pilot compensation not a factor for
Negligible deficiencies

desired performance

Fair - Some mildly
unpleasant deficiencies

pilot P
desired performance

1 required for

Desired performance requires moderate

Minor but annoying
pilot compensation

deficiencies

s
satisfactory without
improvement?

Deficiencies
warrent
improvement

Moderately objectionable
deficiencies

Adequate performance requires
considerable pilot compensation

Very objectionable but
tolerable deficiencies

Adequate performance requires extensive
pilot compensation

Adequate performance not attainable with
imum tolerable pilot compensation.
Controllability not in question

cies

Major defici

Is adequate
performance

No Deficiencies
require
improvement

pilot workload?

Considerable pilot compensation is required

Major deficiencies
for control

Intense pilot compensation is required to

Major deficiencies
retain control

Is it
controllable?

Improvement
mandatory

Control will be lost during some portion

Major deficiencies of required operation

[10)

—3.5

— 6.5

— 8.5

B

Pilot decisions

Cooper-Harper Ref NASA TN D-5153

* Definition of required
and/or subphase with accompanying conditions

Bedford Rating Scale

peration involves i of flight phases

Level 1

Level 2

Level 3




ﬁWWES—degree approach with ceiling and conflicts&)




Vi Training Observations

/ Ames ﬂﬂ&'ﬂﬂf[-‘fl center

1. ACEL-RATE Simulator was used successfully for meeting training objectives.
Training requirements analysis — Establishing specific training needs for the research study
are important.

3. The Aircraft Flight Manual — Very important for pilot and researcher in building awareness
of the LPC model and system.

4. Training Schedule — Helpful for coordinating training and study activities on both simulators nap dAutomation
(ACEL-RATE & VMS). (ACEL-RATE)

5. Establishing a positive training expectation — Instructing pilots that they will be able to
complete the test maneuvers when their training is completed.

6. Pilot background and flight experience — Tailor training based on the pilot background.

7. Habit transfer was observed — Pilots were asked to report each incident.

8. IFCS Deceleration to hover automation was observed to reduce pilot workload, reduce
energy use and increase accuracy. vertical Mf\f:\ig)SimUlator

9. Study results are still being analyzed.

Aerospace Cognitive
Engineering




/A The End

Thank you
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