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F/A-18 Flight Controls Retrofit
NAVAIR SBIR Phase Il and Phase |l IDIQL
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F/A-18 Flight Controls Retrofit
NAVAIR SBIR Phase Il and Phase Il IDIQ
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F/A-18 flight testing at

Patuxent River NAS ...
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Fault Detection and Isolation
for Dynamic Systems

Transport Aircraft Flight Control Systems
Marine Diesel Engine Applications
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Flight Testing on NASA'’s Transport
Remote Piloted Vehicle by FY ‘06
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Robust fault isolation is achieved
by rigorously exploiting analytic
redundancy within the system

BARRON ASSOCIATES COTRS Dan Murphy’ NASA Langley
Dr. Robert Brizzolara, Naval Sea Logistics Center, ONR
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Adaptive Retrofit for Transport Aircraft
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Retrofit Modules

Outer-Loop Adaptation Fault Detection and Isolation

Track reference model « Extended constrained Kalman filter (ECKF)
Adapt multi-layer neural  Detects and isolates sensor and surface
network to minimize tracking faults

errors

* Informs inner-loop controller of system
Inject augmented Guidance deficiencies

Error Signals

;{BAF‘HDN ASSOCIATES TM: Jason Wadley, LM Aero .



Active Flow Control Using Synthetic Jet Actuators

Adaptive inverse techniques for controlling arrays of synthetic jet actuators
COTR: Dr. Sharon Heisi, AFOSR
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* “Virtual” shaping of I |
airfoils at low angles of Pacte :
Update |

attack Nonlinear Adaptive | Plant with Unknown

° Delaylng 'ﬂOW Control System : Actuator Nonlinearity

Separatlon at hlgh u,(t): Commanded Control Sur'face Deflection

ang|es of attack v(t): Synthetic Jet Array Input Signal

u(t): Effective Virtual Surface Deflection
Adaptive Compensation Objective:
u(t) = u,(t) which implies y(t) = r(t)

Innovations:

» Concept for an arrangement of synthetic jet arrays that facilitates virtual shaping
of an airfoil at low angles of attack

 Practical, implementable adaptive control algorithm based on adaptive inverse
techniques that have been proven effective in many previous applications in
systems with unknown actuator nonlinearities

* An adaptive actuator failure compensation approach that optimizes the
performance of the control system in the presence of unknown failures

AFOSR Phase | STTR with the University of Virginia and the University of Wyoming




OBJECTIVE

» Assess potential IAG&C benefits for CAV

TECHNICAL CHALLENGES

» 3-D trajectory generation

* Limited control authority & redundancy
» Modeling and identification of ablation effects,

other uncertainties

» Achievement of tight terminal objectives

APPROACH

» Develop adaptive real-time implementable terminal
and entry guidance algorithms

» Develop bi-conic CAV simulation model with
ablation effects (on mass properties & aero data)

* Test algorithm performance in 6 DOF CAV

simulation

» Assess ability to meet 3m CEP/specified impact
angle capability with/without adaptive G&C

Bi-conic CAV

e

2 bodyflaps &

2. yaw pgqals

-3 CAV GUIDANCE & CONTROL REQUIREMENTS STUDY

) AFRL, Barron Associates, Ping Lu/lowa State

Dr. D. Doman, Program Manager, Funded by DARPA ARSI
ASSO0OCIATES

INTELLIGENT, REAL-TIME ENTRY PATH
PLANNING REQUIRED

eLimited control authority requires very tight
tolerances on terminal guidance handoff
*Aero uncertainties/ablation effects
*Capability to hit moving target, change to
different target, or call off mission

OUR APPROACH

* Novel method for in-flight trajectory optimization

* Model trajectory as a small number of critical parameters that
define its shape

» Search for optimal set of parameters —can be done in real-
time w/o loss of accuracy

PRELIMINARY RESULTS

» CEP requirements cannot be met without adaptation - both in
entry and terminal guidance phases
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High-Speed Supercavitating Torpedo
ONR SBIR Phase | (with Musyn and Anteon_Corp.)

ensor, etc.)
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Data modeling,

and simulation u
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Example ...

F/A-18 Flight Data Analysis ...
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Example ...

F/A-22 Wind Tunnel and Flight Data Analysis
Inlet Flow Descriptor Modeling

WT Model Update/Calibration with Flight Data

Work supported by AF Flight Test Center
and Arnold Engineering Development Center



Analysis Methods, Software Tools, and Novel System Designs
V&V Through the Control Law Life Cycle
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