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The present thesis described the mechanical integrity of material and structure aspects of the layered metal
sheet bonded by the adhesives. It comprised six chapters. In Chapter 1, the imperative need for weight reduction
in transportation equipment, with a specific emphasis on multi-material structures in automobiles, was
elucidated. Adhesion was introduced as a significant joining method for diverse materials, crucial in the
design of multi—-material structures. A comparative analysis of two adhesive materials, epoxy, and acrylic,
was presented, encompassing their properties and applications. The co—design process of adhesive—bonded
structures, inclusive of testing methods for adhesive strength evaluation and the methodology for shape
optimization of bonded interfaces, was comprehensively reviewed. Additionally, the advantages of bonded metal
laminates and the significance of evaluating the plastic formability of such laminates were discussed. The
chapter delved into the limitations of conventional testing methods and outlines the requisites for
establishing proper testing methodologies. Finally, the chapter elucidated the objectives and purposes of
the study.

Chapter 2 introduced a method for evaluating the strength of adhesive materials under multi-axial stress states
and applied it to establish the failure criterion of epoxy adhesives based on mean stress and octahedral shear
stress. The results were meticulously discussed and compared with those of acrylic adhesives, considering
failure behavior and thickness dependencies.

In Chapter 3, the derived failure criterion of epoxy adhesive was applied to shape optimization methods. The
methodology, encompassing the theory of shape optimization and the construction of FEM models with boundary
conditions, was presented. Results from the optimization process were compared with those of acrylic adhesive,
exploring the influence of material properties and initial conditions on the shape optimization of bonded
structures.

Chapter 4 introduced the conical cup testing method for evaluating the plastic formability of bonded metal
laminates, covering the design of the testing machine and the manufacturing process of specimens. Testing
results for various specimen types were discussed based on load-displacement relations. Further exploration
involved post—testing and on—testing specimens through the conical cup value (C.C.V.) and observation from
the see—through aperture. A comprehensive comparison of different specimen types was conducted to verify the
adhesive’ s effect in enhancing the formability of metal laminates.

In Chapter 5, FEM simulation of conical cup testing using bonded metal laminates was performed to unveil features
unobservable in real testing. FEM models were constructed based on real testing parameters, including material
properties obtained from tensile testing using specimens identical to those used in real conical cup testing.
The results were discussed and compared with real testing outcomes. A specific focused discussion on the stress
states of the adhesive layer concerning mean stress and octahedral shear stress was conducted to identify
the adhesive’s effects established from testing.

Chapter 6 served as the concluding chapter, summarizing the results obtained in each preceding chapter and

providing a comprehensive conclusion to the paper.
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