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Objectives
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* Describe damage using surrogate indicators of damage such as
acoustic emission (AE)

* Process raw AE features to prediction fatigue damage
* Define damage and its endurance In the context of AE features

 Search for applications to Prognosis and Health Management
(PHM) of structures




COPYRIGHT © 2017, M. Modarres

Motivation: AE Features and Suggesting Approaches
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Q. How to improve AE features
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Information Entropy: Analysis Procedure
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Information Entropy: Material & Test Setup

‘
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* Material / Specimen: Al alloy 7075-T6 / Doghone ASTM E466

Element Al Zn Mg Cu C Fe Mn Si Ti V  Zr Other U
Composition (wt %) 89.7 57 26 1.4 020 015 0.08 0.06 0.02 0.01 0.0 0.05
Material Property Ultimate Strength (MPa) Yield Strength (MPa) Elastic Modulus (GPa)
Property Value 587 538 67.8

- Dogbone specimen with
round notch (1 mm
radius)

Specimen

Clamped styrene-
butadiene rubber
Wrapped neoprene
strip

Acoustic sensor
Extensometer
Optical microscope
External light source
Testing grip

- K=2.61

- Eraser and neoprene
rubber bands were
used for mechanical
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damper for AE signal
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Information Entropy: Measurement of Damage
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. EEEEEE = R

* Reference damage Is computed by using modulus degradation
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* MDD: Modulus Degradation Damage
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Information Entropy: Cumulative AE Features
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Information Entropy: Cumulative AE Features
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Instantaneous Entropy

during Cyclic Fatigue Loading.” Applied Sciences 7.6 (2017): 562
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Excitation with AE Features: Analysis Procedure
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Excitation with AE Features: Material & Test Setup
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Eq - Dogbone specimen with
Ra. V shape notch

(D Specimen ... e i

(2) AE sensors .E. — =

(3) Clamped erasers .‘ \ E - ‘ " '_' - Kt:405
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@ Extensometer
@ Optical microscope

- Pin-in-hole loading with
eraser damper
renovated noise
reduction
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Excitation with AE Features: Crack Growth Analysis
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* AE Features Analysis

- Selected AE features: hit, count, and absolute energy
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Excitation with AE Features: AE Features
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- For each normal and excitation loads in every loop, cumulative AE features
calculated

- Crack initiation point coincides with AE feature curve change
< This trend is same for all the selected features
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Excitation with AE Features: Fatigue Failure Endurance
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* AE Features summed up to the point of determined fatigue life
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Excitation with AE Features: Load vs. Endurance

T .S

. EEEEEE = R

* The features versus stress amplitude are correlated
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Conclusions
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* Two methods for AE signal analyses were investigated:

. EEEEEE = R

»  Information Entropy

- Information entropy of AE waveforms of a series of fatigue tests show close
correlate with damage prior to crack initiation and ends at same value when
crack initiates

- Information entropy better correlated with damage than the raw AE features

> Excitation with AE Features

- AE features collected from excitation has similar pattern as AE features of
the actual fatigue loading

- Endurance to fatigue failure is determined with log-linear AE absolute
energy
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