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ODbjectives

®

AE-based methodology for small crack detection
In SHM applications

Development of a probabilistic AE-model for In-
situ monitoring of small crack growth

Evaluation of size distribution of initiated crack
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AE for Fatigue: Large Crack
Growth Rate Model

Acoustic Emission Fatigue
Amplitude
Energy Crack Growth Rate
Rise time II correlation _
Counts AK=f(stress,crack size)
Frequency d d
d C
Waveform log| — | =, log| — |+, + ¢
dN dN
\
-6
T
log(da/dN) = (0.0316).log(dc/dN) - 11.092 g ~ N (O’ O’ )
T R ey,
% 9 - ___,.’—""* O =Y.1EXP| V5 dN
= . . ;T Hierarchical Bayes
o o .
_,,.—3;’ : Staistcal Standard Compact Tension
| o @ Models .
M I (CT) specimen
12 : ‘ ‘ ‘ : Data > I'_‘ike“h"c’d Al 7075-T6 ,Thickness:
0 20 40 60 80 100 (Data | 9) ’
log(dc/dN) - normalized ) e ﬂ 0125
it :““-e\- s;a;“ﬁl osterior I -
Yeend' >t wrem 1| s || T'me-lapse photography
L A Image processing software

for crack size measurement

Bassim, M.N., St Lawrence, S. & Liu, C.D., 1994. Detection of the onset of fatigue crack growth in rail steels using acoustic emission. ENGORNIRIGECH Q720120 1Modarres

THE A. JAMES CLARK SCHOOL of ENGINEERING



Noise Reduction

= Band-pass filter

passes frequencies within (200 kHz — 3 MHz)

=  AE Amplitude > 45 dB

= AE events occurring during the loading portion of a cycle
Ref.: Morton et al., 1973; Rabiei, 2011; Roberts & Talebzadeh, 2003b

= AE counts occurring close to the peak load
within the top 20% of peak load
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|_oading Ratio and Frequency Effects

Crack Growth rate- log(da/dN)
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Recursive Bayesian crack length
estimation and Model Updating

. '
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AE-Based
Small Crack
Assessment
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i Crack Initiation Definition

®

Subjective definition of crack initiation and small crack
fatigue phenomenon
arbitrarily specified crack size.

US Navy crack initiation: 250 ym
(lyyer et al., 2007; Papazian et al., 2009)

Size of grain diameter, depending on material and scale of interest
(Bhattacharya & Ellingwood, 1998):

51 um for carbon steel,
120 pum for BS250A53 steel
1 mm for En7A steel

The crack length of 50 um was used as the crack initiation
grain diameter for AI7075-T6 is in the range: 70-140 pum
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Experimental Set u
»

XYZ Positioning Stage

e Optical microscopy to measure
small crack length

« uniform cyclic on Al 7075-T6

Flat dogbone: ASTM- E466 — 07
Material: Al7075-T6
Dimensions are in mm.

The edge notch: R=0.5mm.
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Initial Crack Length Distribution

™

Prior data and model
parameters for initial
crack length
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Accounting for Probability of Detection
(POD) & Measurement Error
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A
True Crack Length
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Examples of Small Crack Growth Vs.
AE Features

e A
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'Model Prediction
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New Directions: Information
Entropy of AE
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AE entropy vs. AE count
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Conclusions

®

e Large crack growth and crack length sizing
probabilistic model

* Crack initiation at 50 pm using AE features

e Small crack growth and sizing using
various AE features

e Varied materials, geometries and AE
features tested

e Tests are underway for subsurface pre-
Initiation detection N
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