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Motivation and Goals

A self -aware aerospace vehicle can A . y
dynamically adapt the way it performs '\\|/
missions by gathering information 1/

about itself and its surroundings and
responding intelligently.

Research Goal: Create a multifidelity framework for the DDDAS paradigm

ADDDAS process draws on multiple modeling options and data sources to
evolve models, sensing strategies, and predictions as the flight proceeds

ADynamic data inform online adaptation of structural damage models and
reduced-order models

ADynamic guidance of sensing strategies

ADynamic, online management of multifidelity structural response models
and sensor data, ensuring that predictions have sufficient confidence

Leading to dynamic health -aware mission re -planning with
guantifiable benefits in reliability, maneuverability and survivability.



A Approach Overview
A Modeling capabilities
A Offline approach

A Online approach

A Demonstration

A Next steps



Approach Overview

Offline

Generate libraries of damage states, kinematic
states, and capability states using high fidelity
iInformation

Online

Dynamically collect data from sensors to
classify vehicle damage and capability states



Baseline UAV

A Wing span: 55 ft
A Cruise velocity: 140 knots
A Cruise altitude: 25,000 ft
A Payload: 500 Ib
A Range 2500 nmi
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Composite Panel Application

NASTRAN model

A DemonStratlng Our methOdOIOgy 123456 123456 123856 123456 123456 123456 123456
on a composite panel 1 \

I Panel | ocated 261
I Sized for strength
A Consists of 4 plies
i [45,0,0,45] quasi-isotropic layup : Qb sottopie i,
i Meets FAR 23 loading
requirements
A Model offline with NASTRAN ’
A Enables the generation of .
experimental results T



Damage Considered

A Damage type we consider is delamination
I Low speed impacts, interlaminar separation
I Can be designed into a specimen for experimentation

A Model delamination in NASTRAN by reducing
stiffness

A Enables analysis of offline damage library content
via design of experiments
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Offline Approach

Damage parameters Xp

Vehicle kinematics X

asw input file

Tﬂ aur Ll l.'

internal wing loads

interpolated wing section

boundary conditions

NASTRAN

.nas input file

Ta_ il E

Pristine aircraft parameters Xp

structural failure metric Fl, ..




Online Approach: Motion Planning

A Planning Task: Get from A to B as quickly as
possible subject to a constraint on the probability
of failure

A Prior to the first turn, we must assess the
capabillity of the vehicle with online data
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Online Approach

Current AC Damage AC
Kinematic 1 Ry A Cl Ss T R, Kinematic
State Constraints

Panel Strain Failure Index

Strain gages Field Requirements

1. Quickly eval uate current fidamage cl ust
structure based on strain sensors and current maneuver
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Online Approach

Current AC Damade AC
Kinematic 1 Ry A Cl Ss o R, Kinematic
State - Constraints
, Panel Strain Failure Index
Strain gages Field Requirements
2

1. Quicklyeval uate current Nndamage cl ust e
based on strain sensors and current maneuver

2. Use damage cluster estimate to predict current limits on
aircraft maneuvers given a prescribed failure index
threshold
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Online Approach: Bayes Classifier

A Assumed fixed number of sensors
A Assumed damage library is complete
A For a given maneuver (e.g., sustained turn);

Sensors

/ Sensor outputs
Capability Load \
N\
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