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Abstract of Thesis

This study proposes an “easily disassemblable joining” concept for metals and carbon fiber reinforced
plastics (CFRP) for the first time. It aims to achieve high-strength joints while simplifying end-of-1life
vehicle disassembly and recycling. Inspired by the biomimetic design, the rose thorns pattern was established
for metal surface structuring. Advanced manufacturing techniques such as Fused Deposition Modeling (FDM) and
Selective Laser Melting (SLM) were used to fabricate biomimetic rose thorn structures on the metal surface
Subsequently, the structured metal was joined with CFRP, and the joint morphology, performance, and disassembly
process were evaluated. The study revealed that SLM-fabricated biomimetic micro—protrusions, due to their
precision and mechanical strength, significantly enhance joining strength and ease of disassembly, providing
new insights into lightweight and environmentally friendly manufacturing.

Chapter 1 introduces the research background, the necessity of vehicle lightweight, and the requirements
for end-of-life vehicle recycling. It reviews existing metal and CFRP joining technologies, including
mechanical fastening, adhesive bonding, and welding. The chapter concludes with the research objectives and
the importance of developing easy disassembly joining techniques

Chapter 2 investigates the direct joining of metals and CFRP using traditional ultrasonic welding methods
exploring factors affecting joint morphology and mechanical performance

Chapter 3 details the specific shape design methods for the biomimetic rose thorn structures, abstracted
into a mathematical geometric model. Numerical simulations analyze stress concentrations under various loads
determining the shape of the biomimetic structure for joining applications.

Chapter 4 focuses on manufacturing the biomimetic micro—protrusions identified in Chapter 3. These
structures are fabricated on SPCC surfaces using FDM technology, including modeling, degreasing, and sintering.
This chapter provides insights into the thermal treatment process.

Chapter 5 characterizes and evaluates the joints of surface—structured SPCC (fabricated via FDM) and CFRP,
including joint interface morphology, mechanical properties, and disassembly. It discovered that FDM is
inaccurate when manufacturing millimeter—level products, particularly at the tip of the rose thorn biomimetic
micro—protrusion, causing damage to CFRP. FDM-manufactured micro-protrusions exhibit deficiencies in
mechanical performance, resulting in lower joint strength.

Chapter 6 explores key parameters and influencing factors in the SLM process for fabricating biomimetic
rose thorn structures on metal surfaces. Given the low—power laser system (30W max) used, the interaction
mechanism and influencing factors between the laser and SUS 316L particles are investigated

Chapter 7 further analyzes joints’ mechanical properties and disassembly process with SLM-fabricated
biomimetic rose thorn structures. Experiments show SLM-manufactured joints exhibit excellent tensile strength,
with fractures occurring in the CFRP substrate rather than at the joint interface. Disassembly tests demonstrate
this structure allows complete separation of metal and CFRP with no significant defects post-disassembly.

This study proposes and validates the easily disassemblable joining method through innovative biomimetic
design and advanced manufacturing techniques, providing new insights and pathways for metal -CFRP joining
The results improve joint strength and disassembly efficiency, contributing to the recycling of end-of-life
vehicles and promoting environmentally friendly manufacturing. Future research will further optimize design
and processes, explore broader applications, and drive the application of this technology in lightweight and

sustainable manufacturing
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