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Classification of Acoustic Emission Signals for Fatigue Crack Opening and
Closure by Artificial Neural Network Based on Principal Component Analysis
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Abstract  This study was performed to classify the fatigue crack opening and closure for three kinds of aluminum
alloy using principal component analysis (PCA). Fatigue cycle loading test was conducted to acquire AE signals which
come from different source mechanisms such as crack opening and closure, rubbing, fretting etc. To extract the
significant feature from AE signal, correlation analysis was performed. Over %% of the variance of AE parameters
could accounted for the first two principal components. The results of the PCA on AE parameters showed that the
first principal component was associated with the size of AE signals and the second principal component was
associated with the shape of AE signals. An artificial neural network (ANN) analysis was successfully used to classify
AE signals into six classes. The ANN classifier based on PCA appeared to be a promising tool to classify AE signals
for fatigue crack opening and closure.
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aluminum alloy
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Table 1 Specimens, mechanical properties, and test
conditions.
Material Al2024-T4 | AIBD61-T6 | AI7075-T6
Tensile Strength (MPa) 540 315 532
Yield Strength (MPa) 412 286 554
Elongation (%) 14 146 9.25
Rolling Direction L-T
Fatigue Cycle 1 Hz
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Table 2 AE parameters extracted from AE signals
AE parameter Meaning

RT rise time
RC ring—down count
EN energy
ED event duration
PA peak amplitude
CP count to peak
RF reverberation frequency
IF initiation frequency
SS signal strength
BE absolute energy
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Fig. 1 A concept of crack opening and closure
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Fig. 2 Cumulative AE hits versus number of fatigue
cycle
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Table 3 Correlation analysis resulis between AE

parameters

RT/RC|EN|ED|PAJCP|RF]| IF|SS

RC {011 1
EN|0.09 1
ED |026|0.78 1
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Table 4 Eigenvalues of principal components and
percentage proportion

Principal Eigen value Percentgge
component proportion
1 75185 85.49
2 0.7664 871
3 0.4409 5.01
4 0.0522 0.59
5 0.0091 0.10
6 0.0071 0.08
7 0.0003 0.02
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Table 5 Resulis of classification analysis belwaen
crack opening and closure by ANN classifier
using whole AE parameters (values in
parenthesis are for validation)

Total recognition rate (%)

Table 6 Resulis of classification analysis between
crack opening and closure by ANN classifier
using the first two principal componenis
(values in parenthesis are for validation)

Class| A20 | A2C | ABO | ABC | A70 | A7C | RR.

A20 oty | 00 | 10) | 00) | 02 | 100(93)
A2C | 00) 0 | 0@ | 0@ | 0() |10098)
A6C | O(1) | o(1) 0 | o@ | o(1) |10001)
ABC | 0 | oty [ o() 1Q) | 04) | 98(75)
A70 | 0@ 1 00 [ o() | OO 0(0) | 100(98)
A7C | 2@ | 04 | 200 | 0O | OO 90(83)

Total recognition rate (%)
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