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Motivation and Goals 
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A self -aware aerospace vehicle can 
dynamically adapt the way it performs 
missions by gathering information 
about itself and its surroundings and 
responding intelligently. 

Research Goal: Create a multifidelity framework for the DDDAS paradigm . 

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

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

ÅDynamic guidance of sensing strategies 

ÅDynamic, 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 
quantifiable benefits in reliability, maneuverability and survivability. 



Outline 

ÅApproach Overview 

ÅModeling capabilities 

ÅOffline approach 

ÅOnline approach 

ÅDemonstration 

ÅNext steps 
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Approach Overview 

Offline  

 Generate libraries of damage states, kinematic 

states, and capability states using high fidelity 

information 

 

Online  

 Dynamically collect data from sensors to 

classify vehicle damage and capability states 
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Baseline UAV 

ÅWing span: 55 ft 

Å Cruise velocity: 140 knots 

Å Cruise altitude: 25,000 ft 

Å Payload: 500 lb 

Å Range 2500 nmi 
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Source: www.aurora.aero 

ASWING model 
Matlab model 

Orion 



Composite Panel Application 

ÅDemonstrating our methodology 
on a composite panel 
ïPanel located 260ò outboard 

ïSized for strength 

ÅConsists of 4 plies  
ï[45,0,0,45] quasi-isotropic layup 

ïMeets FAR 23 loading 
requirements 

ÅModel offline with NASTRAN 

ÅEnables the generation of 
experimental results 
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муέ Ȅ муέ tŀƴŜƭ  

NASTRAN model 



Damage Considered 

ÅDamage type we consider is delamination 

ïLow speed impacts, interlaminar separation 

ïCan be designed into a specimen for experimentation 

ÅModel delamination in NASTRAN by reducing 
stiffness 

ÅEnables analysis of offline damage library content 
via design of experiments  

7 



Offline Approach 
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Online Approach: Motion Planning 

ÅPlanning Task: Get from A to B as quickly as 

possible subject to a constraint on the probability 

of failure 

ÅPrior to the first turn, we must assess the 

capability of the vehicle with online data 
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Online Approach 
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Online Approach 
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2. Use damage cluster estimate to predict current limits on 

aircraft maneuvers given a prescribed failure index 

threshold  



Online Approach: Bayes Classifier 
ÅAssumed fixed number of sensors  

ÅAssumed damage library is complete 

ÅFor a given maneuver (e.g., sustained turn): 
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