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1.2 Abstract

The main objective of the thesis is the classification and diagnostocs of
damages in ceramic matrix composites by using acoustic emission (AE)
signals and machine learning (ML). Unsupervised clustering by Self-
organizing Maps (Kohonen SOMs) shoudl be used primarily to perform a
classification of different damage classes automatically. Secondary, super-
vised learning should be used to classify the AE signals, based on damage
classifications retrieved from the unsupervised clustering. The main tasks
to be performed is feture selction and the application of standard ML al-
gorithms and models for damage classification.

There are three basic tasks (that can be split into multiple theses): (1)
Feature selection (2) Unsupervised clustering to get a damage-AE classifi-
cation grouping (3) Supervised learning of AE signals to damage classifi-
cation mapping.

1.3 Description

1.3.1 Damage Assessment and Damage Diagnostics in Ceramic matrix
composites

Ceramic matrix composites (CMC) have been developed to improve the
low damage tolerance of ceramic materials. These fiber-reinforced ceram-
ics show considerably high fracture toughness, along other properties like



high hardness and thermal and chemical resistance. The high fracture
toughness and, consequently, damage tolerance of these composites is
normally achieved with the use of either porous matrices or fiber coatings.
This allows for several crack deflection mechanisms to take place before
fiber failure, such as: matrix microcracking, fiber debonding and fiber
pull-out. As a result, CMCs show a quasi-plastic behavior when
mechanically loaded.

Even though CMCs show enough maturity to be present in several indus-
trial applications, crack propagation/deflection during loading of CMCs is
still not fully understood, which is pivotal for the further development of
these materials. Different models relating crack deflection with the fracture
energy ratio of interface and fiber and the difference between the elastic
properties of fiber and matrix can be found in the literature. However,
most of them lack of support from experimental data. In addition, it is still
unclear how crack propagation happens exactly under loading. Therefore,
the objective of this work is to analyze the damage development during
loading with in-situ acoustic emission (AE) monitoring.

AE is a useful tool during mechanical tests since the measured AE signals
can be related to different mechanical responses and damage mechanisms
of the tested material. One of the main challenges of this technique is to
relate the measured AE data to their respective damage mechanisms. For
that, different evaluation methods can be found in the literature; the most
common being related to supervised or unsupervised classification of the
AE signals. On supervised clustering, the data to be classified is compared
to a training dataset containing already labeled signals. In other words,
this method requires a previous knowledge of the features of each possible
group of AE signals, which may not be valid for different composites or
types of mechanical loading. On the other hand, unsupervised classifica-
tion can be considered a more general approach, in which AE signals are
grouped depending on their features and, later, each group is related to a
different mechanism. The main problem of this approach is to identify
each cluster and the relation with the correspondent mechanism. In both
cases, the choice of the correct features used for classification is also a
challenge. Hence, this projects aims on developing a clustering method via
machine learning, which can be used to classify AE signals measured dur-
ing different mechanical loadings of composites. To this end, previously
measured data from quasi-static tensile tests and fatigue tests on different
types of CMCs will be used in the analyses.



1.3.2 AI Methods

Different standard ML methods should be selected, applied to AE data or
derived feature vectors, and evaluated for robust and expressive damage
clustering using AE signals:

« Feature selection
« Identification of significant features of the AE signals

 Selection and derivation of appropriate feature variables (feature vec-
tors) from the AE signals

« Unsupervised Clustering using Kohonen Self-organizing Maps (SOMs)
[11]

« Using pre-processed time-resolved AE signal data
 Using feature vectors from AE signals

« Supervised categorical classification
 Using decision trees and ANN with AE feature vectors
« using the ouput of the SOM clustering (auto labelling)

« Hybrid model combining the above unsupervised clusteruig with super-
vised categorisation

1.3.3 Skills

« Basic programming skills are required. The ML framework used in the
thesis is programmed in JavaScript and JS is the primary programming
language.

« Basic data processing knowledge

 Basic knowledge of materials science
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