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The title of the thesis is “Cluster—Control to Improve Bake—-Hardening with Multi-Step Aging in Al-Mg-Si
Based Alloys for Automotive Body Panels” . The thesis consists of 8 chapters.

In Chapter 1, the background of this study, previous studies, important points of cluster—control in
Al-Mg-Si alloys and the objective of the present study are described.

Chapter 1: The background of this study, previous studies, importance of clarifications of cluster—control
and aim of this study were described.

In Chapter 2, the characteristics and formation behavior of two types of clusters are revealed using the
latest instruments of three dimensional atom probe (3DAP). It is found that the Si-rich clusters are
preferentially formed during the early stage of natural aging.

In Chapter 3, it is revealed that the natural age hardening and formation of Cluster(l) occurs after
prolonged natural aging in the alloys pre—aged at 343-383K. The pre—aging temperature significantly affects
the natural aging and bake—hardenability.

In Chapter 4, two exothermic peaks are observed in the DSC curves after prolonged natural aging in the

alloy pre—aged at 343 and 363K. It is found that the formation of the B’ ’° phase occurs in two stages
because the growth of the 8’ ° phase formed through Cluster(2) is inhibited by Cluster (1) and then new
precipitation of the B’ ° phase occurs after dissolution of Cluster(l).

In Chapter 5, the effects of the clusters on the serration behavior during in tensile deformation are
investigated. The effects of the clusters on the work hardening behavior and the stamping formability
are also investigated. It is revealed that Cluster (1) causes higher work hardening coefficient and better
formability than Cluster(2).

In Chapter 6, the bendability decreases with the formation of the clusters and increased proof stress.
The correlation between bendability and proof stress in both the alloy with natural aging and pre-aging
conditions are described in the same manner.

In Chapter 7, the guideline for the multi-step aging and alloy composition to optimize both of the
bake—hardenability and formability by control of the clusters are proposed.

In Chapter 8, the results of the present study are summarized
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