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fObjectives:

for virtual sensing

~

* Physics based modeling of impact damage & wave based interrogation

e Datareduction and damage classification for state awareness
» Damage localization using sensor arrays in composite systems
& Sensor scheduling for robust damage assessment
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Damage Modeling

IMPACT ON COMPOSITE BEAM

Data Reduction and Classification

EXPERIMENTAL SETUP

+ [0,90], composite laminate
+ Charpy style impactor

+ Hemispherical tup (35mm dia.)
+ 20 Joule impact

+ Clamped boundary condition
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« Composite components used

+ Localization in composites

Damage Localization

ACTIVE DAMAGE LOCALIZATION USING
GUIDED WAVES

Motivation

Objectives

+ Develop active localization
method for composite

more frequently in critical

hods provide
e ance with
minimal sensors

o e panaen - Calculate damage position

Signals from active method

Key Issues
* Wave propagation complicated
in composites [k o
« Dispersion and wave velocity
must be carefully studied
+ SHM methods must be . A

adapted for composites

Knowledge Sensing

Integrated
Vehicle Health
Management

Testing and Decision

Validation

Sensor Optimization

SENSOR OPTIMIZATION FOR NOTCHED
LAMINATE IN FATIGUE
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PZT sensors

Objective
« Estimate damage growth given sensor measurements

« Select an optimized sensor configuration to reduce
damage estimation error

+ Feature Extraction using
Relevance Weighted Linear
Discriminant Analysis (RWLDA) ..

+ Data reduced by

+ Eliminating interior points in
each cluster

ELLIPTICAL LOCALIZATION DEVELOPMENT

Velocity as function of theta

Time contour map creation
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“Time contour map transformed into
damage map using extracted damage
time

PROBLEM FORMULATION

* Dam odel
Physics based damage progression model [S. M. Spearing etal., 1992]

splitlength (o iniroduced a variable with a log-normal probability density
distribution in the model inorder to to compensate for any
modeling errors ==> parameler model is now siochastic

« Applya different hidden Markov model
(HMM) for each split length based on
different time-frequency features

+ Assumea different energy variation fof 1
with respect to split length for each sensor

+ Assuming S independent sensors, then

IMPACT

« Data not easily
separable or nonlinearly
separable in input space
+ Possible to map to high
dimensional space for
easier separation.

+(0/90)s carbon fiber laminate test
sample

+APC 850 piezoelectric transducers
(diameter = 0.25in)

+20 Joule impact using modified
Charpy style impactor

* Flash Thermography

- Removing exterior pointsthat | - (e Tpe e e
do not affect decision plane \\ . e ¢ is the measurement from the sth sensor.
SUPPORT VECTOR MACHINES EXPERIMENTAL SETUP SIMULATION RESULTS USING 4 SENSORS

Using HMM based measurement model
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CLASSIFICATION RESULTS
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+ 40% computational time
reduction

* 79% data reduction

+ Time required for data
reduction : 0.18s

« Training time with reduced
set : 4.61s
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DAMAGE LOCALIZATION

25 kHz Interrogation
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CONFIGURED SENSORS WITH DAMAGE
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