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= VSDDL research focuses on
sizing, performance and
stability & control analysis,
and flight simulation

= Developed the PEACE aircraft
sizing framework, applicable
to vehicles using wing-borne,
rotor-borne, and buoyant lift
or combinations thereof

= Developed the MADCASP S&C
analysis and flight simulation
framework with NASA funding;
aimed at analysis of novel
configurations

= Developed cockpit flight simulators
to enable human-in-the-loop flight
simulation research for Advanced
Air Mobility (AAM) concepts
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VSDDL Vision: An R&D “Pipeline” for Next-Gen Concepts

Vehicle sizing, performance
analysis, and optimization

S&C analysis, flight control
system architecture design
& optimization
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at facilitating sizing and performance;  Modular Aircraft Dynamics and
analysis of novel aircraft and Control Algorithm Simulation
propulsion system architectures Platform (MADCASP)
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Webcast #2, Simplified Vehicle Operations (SVO)
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VSDDL Vision: An R&D “Pipeline” for Next-Gen Concepts

Vehicle sizing, performance
analysis, and optimization

S&C analysis, flight control
system architecture design
& optimization
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AIAA SCITECH 2023, National Harbor, Comer, A. and Chakraborty, I., “Total

MD, Jan 23-27, 2023, AIAA-2023-0398 Energy Flight Control Architecture
Optimization for a Lift-Plus-Cruise

Subscale prototype
development &
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MADCASP S&C Analysis and Flight Simulation Framework

* Modular Aircraft Dynamics and Control Algorithm Simulation Platform (MADCASP)

= MATLAB/Simulink-based S&C analysis and flight simulation framework

= Developed with NASA LaRC funding under Transformational Tools and Technologies (TTT) project: “Modular Generalized
Framework for Assessing Aircraft Aero-Propulsive, Stability, and Control Characteristics”, 80LARC19C0013 (Jan "19 — Dec ’21)

= Trim analysis: Formulated as generalized

constrained minimization problem Aero-propulsive model, Atmosphere, 6-DoF rigid body

, wind. sust equations of motion
ground reaction model, 2t b’ gl ’ agout 2 geometric
¢ ili fee urbulence
lioh I models reference point
. . N ight contro
= Numerical linearization of model 8 |
system model L
. . . States Atmos Atmos *
= eigenvalue problem on linearized models
L States v Fb Fb (N)
= |ntegrates with flight simulators States 'V Mb Mb (Nm)
+—» States Sensors—+ Sensors Control Cmds—Control Cmds States|——
Hr »Ang Mom (Kg.m2/s)
= Pilot-in-the-loop flight simulation e
(Webina r #3) pTig Sensor Models Controllers MassProp Controls MassProp
Flight Mechanics T
. ' o F & Systems Models Controls Env Env
= Can input PEACE vehicle definition output Massion Vehicle Equations of
States \ExtCtrI Motion Integration
. . Mass Properties
= Can use multiple forms of aero-propulsive MATLAB c°mmunic)co\n W
performance models (APPM’s) SIMULINK 1 Inteitace Interface with
Top-level of MADCASP Simulink framework flight simulators
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MADCASP — Generalized Formulation of Trimming Problem

= Trimming problem is set up as a generalized constrained minimization problem

L u 1) . :
Find the @ 7 Angle of attack To drive these v Translational and angular accelerations
N - >
values of g Sideslip angle residuals to zero W = n,, (by default, for coordinated flight)
these Bank angle ;
. p
quantities... Il) Turn rate q L+ Keuse = 1) — ;. (if heading specified)
ra
. ResidualVector = +
1/) Heading 5 ...J ,/’ = [} — et (if sideslip specified)
» —_— Cd
TrimVector = (y) | Flightpath angle (if not specified) Keust |7
ul R Ktrack _________ ;{trtr:.lqk = Efxd_ Tgé{set d track)
achieve the desired ground trac
Uz Vehicle control variables Keurn . ’
U3z | > (mapped to control effectors; . Kﬂddl,; \‘\\ B i bark angl ified
multiple mappings pOSSiblE) \\\ \.\\ =¢- "i’s‘er (if bank angle specifie
LY )
I \'1;15 N Kurn = 1) — ;¢ (if turn rate specified)
LY
b
‘\\ = Nyz — Nyz,,, (if load factor specified)
LY
“
While minimizing a user-defined objective function \\ = R — Ry, if turn radius specified)
Can penalize states * K441 additional residuals for system states
and/or controls For example: propeller shaft-power balance
Objective Function =77 AN 1 ( )
) — = (i =
Can be total propulsive L

power, etc.
= f(Uthroes s .. = f(Veo, N, Bp)
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» “Lift-Plus-Cruise” — separate propulsors for vertical
thrust (“lift”) and forward thrust (for cruise)

= Advantage: Simpler aerodynamically than n, g, an
vectored thrust (tilt-wing and tilt-rotor)

= Disadvantage: In cruise flight, the lift propulsors
are inactive, thus “dead-weight” and drag penalties

= Forward flight mode:
= Conventional control surfaces in forward flight mode:

= Flaperons (roll), elevators (pitch), rudders (yaw)

= Vertical flight mode:

= Roll control: differential blade pitch between
left- and right-side lift rotors

= Pitch control: differential blade pitch between
lift rotors ahead of and aft of wing

= Yaw control: differential blade pitch between clockwise
and anti-clockwise turning rotors
(rotors are tilted inward/outward as indicated by arrows)
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Lift-Plus-Cruise (LPC) Urban Air Mobility (UAM) Concept with Electrified Propulsion
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# Symbol Description Unit

1-3 df1,0 72,073 Flaperon, left wing, out-/mid-/inboard deg
4-6 074,075,076 Flaperon, right wing, in-/mid-/outboard  deg

7,8 Oels0e2 Left, right elevator deg
9,10 0r1,0,2 Left, right rudder deg
11 Ot.cp Cruise propeller throttle setting -
12 Bep Cruise propeller pitch deg

13 N¢p Cruise propeller RPM RPM
14-21 N; — Ng Lift propeller RPMs RPM
22-29 B1—Ps Lift propeller pitch deg
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LPC-03 Sizing Summary

= LPC-03 Phoenix configuration was sized using the PEACE

Parameter Value
aircraft sizing framework Maximum takeoff mass (MTOM) 1822 ke 4018 Ib
Emply mass 978 kg 2156 1b
Ballery mass 445 kg 981 Ib
Payload mass 400 kg a82 1b
Moment ol inertia, roll (/) 3859 kg.m? 91575 Ih.n?
Moment of ineriia, pitch (1) 3231 kg.m® 76673 b0
Moment of inertia, yaw (/) 6586 ke.m? 156288 Ib.1(°
Product of inertia (/,) 1556 ke.m® 3693 b0
Main wing area 7.47 m? 80.4 1
Main wing span 947 m 3111
Horizontal tail area 1.30 m* 14.0 1
Horizontal tail span 390 m 128 0
Fuselage length 483 m 15.8 It
Lalt propeller diameter 1.54 m 5050
Lilt propeller inertia 2.30 kg.m” 54.6 Ib.Mi?
Lalt motor rated power (each) 3 x92 kW 8x 123 hp
Cruise propeller diameter 1.96 m 6.43 1
Cruise propeller inertia 9.46 kg.m” 224 b1’
1. Chakraborty, I., and Mishra, A., “Sizing and Analysis of a Lift-Plus-Cruise Aircraft with Electrified Propulsion,” AIAA Crisise motor rated power 254 kW 341 hp
Journal of Aircraft, 2022, https://arc.aiaa.org/doi/pdf/10.2514/1.C037044 Wing loading (MTOM) 244 kgfmz 50 Ib/11?
2. Bhandari, R., Mishra, A.A., and Chakraborty, |., “Genetic Algorithm Optimization of Lift-Plus-Cruise VTOL Aircraft with Disc loading (MTOM., hover) 122 kg‘fmz 25 Ib/It°
Electrified Propulsion,” AIAA SCITECH 2023, National Harbor, MD, Jan 23-27, 2023, AIAA-2023-0398 Power-to-weight ratio (MTOM, hover)  0.28 kW/kg 0.17 hp/Ib
3. NASA NESC Webinar, “Sizing and Optimization of a Lift-Plus-Cruise Urban Air Mobility Concept with Electrified —
Propulsion”, Feb 22, 2023, https://go.nasa.gov/3EcgMpw LPC-03 all-electric Sizing summary
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Flight Control System Architecture for LPC-03
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Total Energy Control System (TECS) Algorithm
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- Amelink et al. (2003) comman g 1 ontrofler
1
; TECS algorithm - Based on Lambregts (2013)°
Specific total energy rate: E = (5) +vy
F — F B — T K . .
lts error: Ee = Ecmg — E Thrust Command: (—) = (j) E,—Kr E
TECS W/emd s
Specific energy distribution rate: L = (—) -y Con?rol a Ke . -
: : 7 Action Pitch Attitude Command: B ;g = — [(—’) L, — KEPL]
Its error: L, = Loppg — L - s
Amelink et al., “Applying the Abstraction Hierarchy to the Aircraft Manual Control Task,” Proc. Lambregts, A., “TECS Generalized Airplane Control System Design - An Update,” Proceedings of the EuroGNC 2013, 2" CEAS Specialist

of the 12" International Symposium on Aviation Psychology, Dayton, OH, USA, April 2003 Conference on Guidance, Navigation and Control, FrAT3.1, Delft University of Technology, Delft, The Netherlands, April 10-12, 2013
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Total Energy Control System (TECS) — Motivation & Past Applications

= Traditional SISO control approach: flightpath control = auto-pilot, and airspeed control = auto-throttle system [1,2]
= Does not explicitly account for the fact that the aircraft response to thrust and pitch control are coupled
= Does not tactically coordinate the action of the flightpath and speed controllers
= Crew confusion: Many control modes and sub-modes with functional overlap between A/P, A/T, and FMC

= Major TECS flight-test demonstrations
= NASA Transport Systems Research Vehicle (TSRV) —a Boeing 737-100 aircraft [3]
= CONDOR high-altitude long-endurance (HALE) unmanned aircraft [4]
= Raytheon Beechcraft Bonanza general aviation aircraft [4]

= |n addition to the above, several piloted simulation studies were conducted

» For a more detailed summary of past work involving TECS, see [5]

Faleiro, L., and Lambregts, A., “Analysis and tuning of a ‘Total Energy Control System’ control law using eigenstructure assignment,” Aerospace Science and Technology, Vol. 3, No. 3, 1999, pp. 127-140

2. Lambregts, A., “TECS Generalized Airplane Control System Design - An Update,” Proceedings of the EuroGNC 2013, 2" CEAS Specialist Conference on Guidance, Navigation and Control, FrAT3.1, Delft
University of Technology, Delft, The Netherlands, April 10-12, 2013

Bruce, K., Kelly, J., and Person, L., “NASA B737 Flight Test Results of the Total Energy Control System,” AIAA Guidance, Navigation and Control Conference, Williamsburg, VA, 1986
. Lambregts, A., “Generalized Automatic and Augmented Manual Flight Control,” Berlin Technical University Colloquium, May 2006.
5. Comer, A. and Chakraborty, I., “Total Energy Flight Control Architecture Optimization for a Lift-Plus-Cruise Aircraft,” AIAA SCITECH 2023, National Harbor, MD, Jan 23-27, 2023, AIAA-2023-0399
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TECS Algorithm Modifications for LPC-03

» The classical TECS algorithm uses flightpath angle (FPA), y, along with small angle approximations
* For low-speed flight in vertical flight mode (VFM), FPA can be large and small angle approximation is invalid
= For flight along vertical axis (vertical climb/descent), FPA = +90°, i.e., not a useful feedback variable

= Define the quantity F = min (1'|71|)

= Replace Y nq With F hcmd in TECS implementation
= And replace y with Fh
= The modified TECS algorithm operates on vertical velocity (always well-defined), as opposed to FPA

= At higher speeds, note that F = L

=<

= This means that F hg = ;ilcmd = SiNYomg = Vemg and Fh = %il =siny =y

= The modified TECS algorithm will then behave like the classical scheme that operates on FPA

= At hover or very low speeds, note that F = 1
" This means that F flcmd = flcmd and Fh=h
* The modified TECS algorithm operates on vertical velocity directly
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TECS Algorithm Maodifications for LPC-03 (continued)

= The classical TECS algorithm has two outputs: a thrust command and a pitch attitude command

= The TECS implementation for LPC-03 has three outputs:
(i) cruise prop thrust Tepmg cp, (i) lift prop thrust Ty, g 1p, (iii) pitch attitude command 6,4

(V /9) Iy + Commands Feedback Outputs Gains Modifiers
CTITL _'cp . - "
‘ ol + | Cruise Propulsor Thrust (v/g).,, Vig Topoma Kigp F
Ee,c : . Kp, {'4
cmd = _ S Tcchmd Ky (ﬁ—-cp
V K
o — Plp {l;"'—*fp
Ky
h—>| F _.'{"l-'fp > + _ KEAS 0 40 45 &80 120 135 140 160 200+
"Tt.',ﬂr(.'md = W(KIA:-P Ee,cp - KP,;:;; Er.'p) crUis-e. prop gﬁ—h‘.‘p ( 0 0 0 0 0 | | |
Kiip . modifiers = . 0 0o 1 1 1 1 1 11
ﬂpvf.'md = W( Ef,lp - KF,I;) EI_{))
| _ ; dftprop J Gy L1 1 L 110 0 0
(V/9) S vtp—> + modifiers L&vop L1 0 0 0 0 0 0 0
I R
_ Eepp 1 Gie O 0 0 0 0 075 1 1 !
—— F =(ﬁ—tlp > + ——P-—b—-b+
S s D livep 0 0 0 0 0 075 1 1 !
I {vse | | 0 0 0 0 0 0 0
V/g——Ci—p > + i,
- ":- Lift Propulsor Thrust
h—> F —»Sip—> +
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TECS Algorithm Maodifications for LPC-03 (continued)

= The classical TECS algorithm has two outputs: a thrust command and a pitch attitude command

= The TECS implementation for LPC-03 has three outputs:
(i) cruise prop thrust Tepmg cp, (i) lift prop thrust Ty, g 1p, (iii) pitch attitude command 6,4

Commands Feedback Output Gains Modifiers

} v/g),, V/ig Oema K F
hcmd+ - A A Kpg Cy-o
N cmd K trim (ﬁ—)ﬂ
V/’g l + —b.poo_ 1 > + hcmd V K{f (ﬁ—)ﬂ,P
(V/g), —iar—>| + g Kl
o+ | - k!
- L. V.o
roma—>1 F —>{Sio—> — > +
— —
KEAS 0 40 45 80 120 135 140 160 200+
V/g ——toa—a + | livep 00 0 0 0 0 1 [ 1
L .-_. - 0., Lyvep O 0 1 1 1 1 1 1 1
h—> F —>Ciop—> — —1>—' Gy 1111 I 0 0 0
Lyyp 110 0 0 0 0 0 0
_ Gise O 0 0 0 0 075 1 1 I
» > + i
(V/9) e - Pitch lisop O 0 0 0 0 075 1 1 [
modifiers ’
lye 1 1 0 0 0 0 0 0 0
_ lKIﬁ' rr V Fri
Ocmda = - T L.~ Kpg L+ KV ggcmd - K.‘-‘ h, md)
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Flight Control System Architecture for LPC-03
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Inner-Loop LQI Controllers

Pitch command 0,4

LQl:
—» U, € [—1,+1] (roll axis, +ve roll right) Linear Quadratic
Bank command  @ema —»! jnner.toop _ _ Regulators with
P Upn € [—1,+1] (pitch axis, +ve nose up) Integral Action
controllers _ .
Yaw rate command T¢md —> —» Ug; € [—1,+1] (yaw axis, +ve nose right)

Definition of

. Eﬂzﬁr.'md_6=€¢=¢cmd_¢1€r=rr:md_r
error quantltles:

o T The gains within
!_ongltudlnal oy = _Kfl{i:lg lw g 0 [eqdr gain matrices
inner-loop control K11X4 and Klzxs are
ong at
determined during
. : optimization
Lateral-directional T T P

= —Kf;ﬁ lp roo¢ fetf,dr fe,d.t
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Flight Control System Architecture for LPC-03
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Control Allocation

" Flaperons: 671,072,093 = 0% tiar, 074 0y5,0 56 = 07 Uyar, ( =

= Elevators:  §,.1,0.0 = =07 ““uy,,, iy awdez
8 M8
N7, B7

Ny, B4 '
gl 1100 1.00 043 -0.54 Common “thrust (
B2

component
B2 1.00 054  1.00 1.00 /
ML Ny,
ﬁo,iy ﬁ¢. = ﬁ¢ Kg Ular 1B (

B3 1.00 -0.54  1.00 -1.00
Pa 1.00 —-1.00 043 054 || Bs

" Rudders:  §,1,6,2 = ™ uy;,

= Lift propulsor blade pitch:

Bs 100 1.00 -043 -0.54|| fog—— By = ’:}m*" Kg tion # Symbol  Description Unit
1-3 0f1,0f2,0r3 Flaperon, left wing, out-/mid-/inboard deg

Bs 1.0 054 —1.00 1.00 i By, 4-6 074,075,076 Flaperon, right wing, in-/mid-/outboard  deg

B B B \ 7,8 Oel, 002 Left, right elevator de
br H00 0> Ho Ho ﬁ W= ’8 E’MI Kﬁ Udir 9,10 071,02 Left, riiht rudder dei
Bs 1.00 -1.00 =043 054 11 Ot,cp Cruise propeller throttle setting -
R ) 12 Bep Cruise propeller pitch deg

13 N.p Cruise propeller RPM RPM
KEAS 0 50 100 110 120 130 140 150 200+ 1421~ Ny -Ng  Lift propeller RPMs RPM
Kgs 1 | 1 075 050 025 0 0 0 22-29  pi1—ps  Lift propeller pitch deg
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Set-Point Logic for Lift Propulsors

= Lift propeller RPMs: Ny, ..., Ng
Lift propeller blade pitch: 5, ..., B

If fixed-pitch lift propellers are used:
= Control thrust using RPM Ny, ..., Ng
= Concern: Can the RPM be varied fast enough for attitude control?

If variable-pitch lift propellers are used:

= Control thrust using blade pitch S, ..., Bg
= RPMs Ny, ..., Ng fixed at a given speed, and scheduled with speed
= Considered for LPC-03: variable-pitch lift propellers with set-point control E'OCP
= Vary thrust by varying blade pitch 4, ..., Bg (“quicker” than RPM control)
= Follow-up by slowly varying RPM to restore blade pitch to a nominal “set-point” ( B2 ‘e
. 2 2
= Short-term response: blade pitch change at constant RPM
= Long-term response: RPM change with blade pitch remaining at set-point ( — )
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Flight Control System Architecture for LPC-03
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Pema > :| dynamics ::
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Aircraft Dynamics: Aero-Propulsive Analysis Approach

Lifting surfaces: All lifting surfaces are Wireframe geometry model of Geometry update rules:

discretized into strips. Strip sectional aero, aircraft within PEACE (MATLAB) These rules are specified during
downwash reduced order model problem setup. They govern how

generated using FlightStream® the geometry of a component
updates during sizing iterations,

how components are located or
mounted relative to other
components, etc.

Non-strip geometry:
Loads are analyzed
separately using
FlightStream® to create
lookup tables that are

queried during sizing \

Note:
j For further details regarding modeling
Mass properties: approach, see:
Mass: component weight equations for GA aircraft, plus Propulsors: Modeled using Chakraborty, |. and Mishra, AA., "Sizing
. ) ’ and Analysis of a Lift-Plus-Cruise Aircraft
calculated weights of propulsion & energy system components a blade element momentum with Electrified Propulsion,” AIAA
CG & inertia: computed per component; summed appropriately theory model coupled with a Journal of Aircraft, Article in Advance,
. . Nov 1, 2022, DOI: 10.2514/1.C037044
Pitt-Peters inflow model
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Control Effector and Governor Dynamics

= Second order actuator dynamics are assumed
for control surface and blade pitch actuators

. o(s w? . :
= Characterized by natural frequency w, Gact (5) = = ( (),;) =55 . > = §(1) + 2Lwnd (1) + w,6(1) = Wpdemalt)
and damping ratio emd(S) ST+ 20w + W,
= Cruise propeller governor: Effector Symbol  Posn. limits  Rate limits ~ Nat. freq.  Damp. ratio
) ] [deg] [deg/s] wy [rad/s] £ [-]
= Controls cruise prop blade pitch S, Flaperons Sr1— 076 +30 +60 75 0.7
(subject to iCté‘altoé %Rﬁm'cs) to Elevators Sers Ber +30 +60 75 0.7
maintain schedule T N N '
Rudders Sr1. 02 +30 +60 42 0.7
= Regulates against variations in drive Liftproppitch 1 =By [-10.+18] +30 & 0.7
torque and aerodynamic load torque Cruise prop pitch Bep [0, +42] +5 30 1.2

= Lift propeller governors:

= Control lift motor shaft-power to
maintain set-point RPM

= Regulate against aerodynamic load

torque changes from freestream flow
or blade pitch angle S, ..., B3
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Optimization of Flight Control System Parameters (Gains)

* Nonlinear Simulation Model (NLS): the “full nonlinear” model used for flight simulation (implemented in Simulink)

* Linear Time-Invariant (System) with Actuator Dynamics (LTIwWAD): obtained from NLS by linearizing it at multiple trim
points and augmenting with actuator dynamics

*= The LTIWAD models at each trim condition are used by the MATLAB genetic algorithm optimizer (ga) to determine
control system gains subject to several constraints

= ADS-33E-PRF, MIL-STD-1797A, step response characteristics (e.g., rise time, settling time, overshoot)

ADS-33E- MIL-STD- Step Obiective
PRF 1797A response jec
constraints || constraints || constraints functions :
Nonlinear
Model
Bounds / Settings .. .
»  Control level specified step commands of the | OPtimized Gains > Response
LTIWAD linearized model Stability / Modes Characteristics
> + D> v
Gains Stability and mode analysis Response Characteristics .
> »| Comparison

For further details: Comer, A. and Chakraborty, I., “Total Energy Flight Control Architecture Optimization for a Lift-Plus-Cruise Aircraft,” AIAA SCITECH 2023, National Harbor, MD, Jan 23-27, 2023, AIAA-2023-0399
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Control Level Definitions

= Gains associated with Control Level 2 and Control Level 3 are first optimized

= Control Level 4 (outer loop) and feed-forward gains are optimized thereafter

V .
Yemd o (V/g)
cmd T 30,cmd
14 —> Ky >——> B3 >—> 3
— - TECS P
h core T 0,cmd;
cmd > + i ) cmd,lp w p
h —> Kj, <
—’ —
Aircraft
0 Ujon Control |Ucnad
cmdb ) ) cm and
allocation ' actuator '
Yemd . . dynamics
+ Yema ¢ ,mq | INNer-loop u
L — Lateral » LQl _—lat
Vemd and controllers
”| directional -
control |_cmd_ Ugir
chdl R
Control Control Control Control
Level 4 Level 3 Level 2 Level 1

(Bare Airframe)

For further details: Comer, A. and Chakraborty, I., “Total Energy Flight Control Architecture Optimization for a Lift-Plus-Cruise Aircraft,” AIAA SCITECH 2023, National Harbor, MD, Jan 23-27, 2023, AIAA-2023-0399
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Bank Angle and Lateral Velocity Pulse Responses (starting from Hover)

_Roll Axis | Control Effort (NLS)
. 5! —NLS 5 g 0.1 - : _u.
Interesting fact: Bank angle pulse ‘ - -LwAD | E W
. L ---Cmd el T Mdir
Webinar #3 command @4 m > < oos -
. . = c
(e.g., Pilot inceptor 23| - 9
. . . ‘6_: 0 ¢ © 0 ]
Piloted simulations commands bank angle) ¥ 2| 5 £
. (]
considered both these @ | 2 9 |
. . . b =
scenarios, one in each sim . 5
‘ ' —'-5 3 -0.1 : : :
0 5 10 15 0 5 10 15
Time (sec) Time (sec)
I e p— ' 15 — 1 E 0.1
Lateral velocity n . : ! 10} = =LTIwAD = §
i Ll S L
pulse command <= " : B 05 & — 0.05
. = ' ! @ 57 T C
(e.g., Pilot G 6 ! K = O
. — ! < N\ -~ 0O
inceptor o | | . 0 0 g g O
> 4 ! - T =
commands T | . S -5/ © a
: 8 .| ! m Z o3 _
lateral velocity) = 2hf|—NLS | 0.5 5 = -0.05
=4 |!f |= -LTIWAD | -107 o
0 .'J - - -Command| . _ =
- - - -15 - - - -1 — 0.1 - - -
0 10 20 30 0 10 20 30 0 10 20 30
Time (sec) Time (sec) Time (sec)
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Vertical Velocity Pulse - Hover

1000 ——NLS
Scenario: £ - «LTWAD |
. . v 800 - - -Command
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Vertical Velocity Ramp Response in Forward Flight (FPARC/FPAH)
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TECS Path Priority and Speed Priority in Forward Flight (part of Envelope Protection)

Nominal
(cruise prop “throttle”
not saturated)

PATH

| PRIORITY
PATH

| PRIORITY

I

I

I

I
SPEED PRIORITY |
1

|
|
|
|
SPEED PRIORITY | NOMINAL
, : i =
|
|

Time (sec) I Time (sec)
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Transition from Vertical Flight Mode to Forward Flight Mode (Departure Transition)

= Link to video: https://youtu.be/D-M-Zs26Xfs?t=581

Auburn Aerospace

Vehicle Systems, Dynamics, \/S Dl and Design Laboratory :I,‘:'Zﬁifﬁ;‘{_
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Transition from Forward Flight Mode to Vertical Flight Mode (Arrival Transition)

= Link to video: https://youtu.be/D-M-Zs26Xfs?t=788

Auburn Aerospace

Vehicle Systems, Dynamics, \/S Dl and Design Laboratory :I,‘:'Zﬁifﬁ;‘{_
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Conclusions

= A flight control system based on the Total Energy Control System (TECS) algorithm was implemented and optimized
for a Lift-plus-Cruise (LPC) Urban Air Mobility (UAM) aircraft

* The goal is to enable Simplified Vehicle Operations (SVO)

= The aircraft and control system models were implemented in Modular Aircraft Dynamics and Control Algorithm
Simulation Platform (MADCASP) — a MATLAB/Simulink-based S&C and flight simulation framework

= Coming up:
= This FCS architecture will be paired with two different inceptor
schemes (different designs & inceptor-to-command mappings)
= Piloted simulations conducted in two flight simulators with ,
(i) certified flight instructors, (ii) pilot license holders, and ,
(iii) non-pilots (holding driver licenses) '

= Webinar #3, March 8, 1 pm Eastern,
https://go.nasa.gov/41jqol5 (NASA)
https://go.nasa.gov/3EzV3bc (public)
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