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Self-healing metal-matrix composites (MMCs) are considered a promising approach for future lightweight aerospace
structures with improved durability and damage tolerance. This research focuses on aluminium-based MMCs containing
embedded low-melting healing particles capable of repairing microcracks after thermal activation. During the healing
process, the healing agent melts, flows into fatigue cracks, and re-solidifies, thereby restoring local structural integrity

and slowing crack propagation.

One of the main critical challenges in such systems is the thermal
activation process itself. Non-uniform temperature distributions or
excessive thermal gradients may lead to incomplete healing, local
overheating, residual stresses, or degradation of the surrounding
aluminium  matrix. Therefore, understanding the transient
temperature distribution during activation is essential for the
development of reliable self-healing structures.

The objective of this thesis is the development of a transient thermal
finite element model for the investigation of thermal activation
strategies in self-healing aluminium based MMCs.
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[M. Nosonovsky, P.K. Rohatgi, Biomimetics in materials science: self-healing, self-lubricating, and self-cleaning materials
(Springer, New York, 2012)]
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[S.A. McDonal., et.al., Scientific Reports 9, 17773 (2019)]

To this end, a transient thermal finite element
model of a compact tension (CT) specimen
containing self-healing regions will be
developed in ABAQUS. Different thermal
activation cycles will be investigated to analyse
the temperature distribution and thermal
gradients during activation of the embedded
healing particles. Parametric studies will be

performed to identify suitable heating
protocols for homogeneous and reliable
healing.

e Development of a transient thermal FEM model of a CT specimen

e Investigation of the influence of heating duration and heating rate

e Analysis of temperature gradients and temperature uniformity in the healing zone
e Identification of suitable thermal activation protocols for homogeneous healing

e Evaluation of potential overheating risks in the aluminium matrix
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