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論 文 内 容 の 要 旨

An improved combination of strength and ductility is generally a trade-off 
relationship, and it remains a major research topic in the field of structural 
materials. A harmonic microstructure, consisting of a coarse-grained “core” region 
and a surrounding fine-grained “shell” region, exhibits a good balance between 
strength and ductility. Therefore, the strengthening mechanism that contributed to 
the excellent mechanical properties of the harmonic structure was investigated. 
Furthermore, the deformation and fracture behavior were also studied. The 
individual strengthening factor in the Hall-Petch model was investigated using 
nanoindentation technique to understand the strengthening mechanisms in the 
SUS304L stainless steel harmonic structure. Nanoindentation technique was 
applied locally, such as in the “grain interior” to evaluate the matrix strength (σ0) 
and “on grain boundary” and “near grain boundary” to assess the grain boundary 
effect (k) for each region of the core and shell. The grain interior nanohardness was 
found to be higher in the core region than that in the shell, which is explained by 
the higher pre-existing dislocation density in the core region. The nanomechanical 
characterization of the “grain boundary” and the “near grain boundary” regions 
show a higher barrier effect due to the grain boundary in the shell than that in the 
core, which is presumably dominated by the higher internal strain at the shell grain 
boundary. Furthermore, a Hall–Petch plot was constructed using nanohardness, 
Vickers hardness, and grain size to estimate the k value. A higher k value in the 
shell was obtained than that for the core, which is consistent with the higher 
strengthening effect of the shell grain boundary that is evaluated independently in 
the local region. Subsequently, the local deformation and fracture behavior of 
SUS304L stainless steel harmonic structure were investigated by the 
nanoindentation technique. Specific nanoindentation comparison of various strains 



on the deformed sample revealed that core region exhibited a tremendous increase 
in nanohardness with deformation, which reflects its capability for strain hardening. 
Moreover, this also enhances the uniform deformation by avoiding strain 
localization. Therefore, preventing early necking behavior. Furthermore, it was 
found that the nanohardness is the highest at the fractured end. The core and shell 
region can be observed moving towards the same nanohardness level, which 
indicates the degree of strain hardening with nominal strain in the core region is 
decreased. Since SUS304L stainless steel are prone to strain induced martensitic 
transformation (γ→α') when subjected to plastic deformation, it is expected that 
the high amount α' martensite is present at the fractured end area especially at 
the core region. In addition, the deformation behavior of copper harmonic structure 
was investigated owing to its excellent ductility properties with improved 
mechanical properties compared to other materials. Particular attention was given 
to the shell–core boundary because it is the most distinct microstructure in the 
harmonic structure. Dislocation interactions at the shell–core boundary in the 
copper harmonic structure were directly measured using nanoindentation and 
microstructural observations via kernel average misorientation (KAM). KAM 
analysis showed that the dislocation density in the vicinity of the shell–core 
boundary within the core region gradually increases with increasing plastic strain. 
Subsequently, nanoindentation experiments were conducted in the “core grain 
interior”, “core–core boundary”, and “shell–core boundary”, which were determined 
by the KAM map. The nanohardness within the core grain interior near the 
shell–core boundary was found to increase with increasing KAM, indicating that the 
higher strength is primarily caused by the higher dislocation density. Furthermore, 
the critical load for nanoindentation-induced plasticity initiation was lower at the 
shell–core boundary than at the core–core boundary, indicating a higher potency of 
dislocation emission at the shell–core boundary. Because dislocation–dislocation 
interactions are one of the major causes of the increase in the flow stress leading to 
higher strain hardening rates during deformation, the excellent balance between 
strength and ductility is attributed to the higher potency of dislocation emission at 
the shell–core boundary. 
 
 
 
 
 



〔作成要領〕 

 

１．用紙はＡ４判上質紙を使用すること。 

２．原則として，文字サイズ１０．５ポイントとする。 

３．左右２センチ，上下２．５センチ程度をあけ，ページ数は記入しないこと。 

４．要旨は２，０００字程度にまとめること。 

（英文の場合は，２ページ以内にまとめること。） 

５．図表・図式等は随意に使用のこと。 

６．ワープロ浄書すること（手書きする場合は楷書体）。 

この様式で提出された書類は，「九州大学博士学位論文内容の要旨及び審査結果の要旨」

の原稿として写真印刷するので，鮮明な原稿をクリップ止めで提出すること。 

 


