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Chapter 1 outlines the background and motivation for studying mechanism of hot-press joining between aluminum alloys and
carbon-fiber-reinforced thermoplastics (CFRTPs), driven by the demands of lightweight, multifunctional structural applications.
The limitations of traditional joining technologies are reviewed, and the potential of thermally assisted processes, particularly
hot-press joining, as an ideal platform for mechanistic analysis is highlighted. The chapter also introduces the rationale for
incorporating interpretable, data-driven approaches to model process—structure—property relationships.

Chapter 2 summarizes materials characteristics and experimental methods. A customized stable hot-press joining platform was
constructed to precisely control thermal-mechanical conditions. Various Al alloys and CF/PA6 composites were prepared with
silane-treated interfaces. Mechanical testing, along with microstructural and chemical analyses using SEM, TEM, XPS, and
Raman spectroscopy, were conducted to characterize joint quality. A finite element model was also built to simulate interfacial
temperature history. The data from these experiments formed the foundation for subsequent quantitative modeling.

Chapter 3 describes different thermal conditions and results of hot-pressed joints. The influence of temperature and holding time
on joint morphology, interfacial chemistry, and mechanical strength has detailly been investigated. A systematic parameter
matrix revealed the evolution of bonding mechanisms and defect formation. Experimental results clarified the correlation
between interfacial reaction layer development and joint strength, with Raman and XPS data confirming epoxy—amide reactions
at optimal thermal exposure levels.

Chapter 4 proposes controlled pressure via thinning-control strategy to decouple the role of pressure from other thermal factors,
and then a controlled-thickness joining approach is introduced. By limiting vertical displacement, pressure-dependent behaviors
such as matrix flow, interface thinning, and fiber deformation are studied in detail. This approach enables a clearer understanding
of the interfacial bonding state under realistic load-bearing constraints.

Chapter 5 conducts interpretable data-driven analysis of process—structure—strength relationships. A comprehensive dataset
comprising process parameters, microstructural features, and mechanical properties is used to train gradient-boosted decision
tree (GBDT) models. Dimensionless parameters were constructed to improve generalizability, and model distillation techniques
are also applied to extract human-readable equations. These interpretable functions accurately predicted joint strength and
revealed dominant physical factors governing interfacial bonding.

Chapter 6 uses the results obtained in previous Chapter and predicts the strength of friction spot joining (FSpJ) via tool geometry
design and thermal simulation. The knowledge acquired from hot-press studies was applied to analyze FSpJ, a more dynamic
and complex joining process. Experiments and ALE-based thermal-mechanical simulations evaluated how tool shoulder
concavity affects heat input distribution, melting behavior, and final joint integrity. The interpretable models are shown to retain
predictive power under FSpJ conditions, demonstrating the transferability of the framework.

Chapter 7 summarizes the main findings across all phases of the study, highlighting how idealized experiments combined with
interpretable machine learning contribute to both scientific understanding and practical optimization of hybrid joining processes.
Future research directions include broader application of the proposed methodology to other dissimilar material systems and
more advanced real-time process monitoring techniques.
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PEAME LGSR OIGERRALEN L, ZOIEBRAPESRELZEEMICTRITED Z L 2HA L TV D,
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