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論  文  内  容  の  要  旨  

氏  名  （   XIAO NING ）  

論文題名 

Comprehensive Evaluation of Double-Wire Narrow Gap GMAW Process and Dissimilar 

Joint Properties (ダブルワイヤ・ガスシールドメタルアーク溶接によるナロウギャッ

プ異材継手性能の総合評価) 

Abstract of thesis 
The chute structure of scraper conveyors (chute structure) used in mining is assembled by welding 

dissimilar steel materials. Narrow-gap double-electrode gas-shielded metal arc welding (GMAW) is effective in 
improving the welding productivity of thick steel plates. This study systematically investigated the double-wire 
narrow gap GMAW process for dissimilar steel joints of chute structure and aimed to address critical challenges 
such as lack of fusion, low deposition efficiency, and premature wear in thick-walled components. Through 
experimental optimization and microstructural analysis, significant improvements in welding quality, 
mechanical properties, and wear resistance were achieved. Below is the main work summary of this thesis. 

Chapter 1 introduced the research background and significance, focusing specifically on the welding 
challenges associated with the chute structure. It provided a comprehensive review of narrow gap welding, 
including its definition, classification, and difficulties, while comparing the advantages and disadvantages of 
single-wire and double-wire GMAW narrow gap welding processes. Additionally, it summarized the current 
research status in areas such as high strength low alloy (HSLA) steel deposition, dissimilar steel welding, arc 
cladding, and numerical simulation. Finally, it clearly outlined the research objectives and the structure of the 
dissertation. 

In Chapter 2, GMAW experiments were conducted to observe the spray and drop transfer modes of 
droplets into a narrow gap on thick plates and to confirm the stability of the spray transfer mode. Then, GMAW 
process parameters such as the welding wire feed rate and the spacing between the two electrodes (spacing in 
the welding line direction and lateral direction) were optimized through experiments. As a result, in the case of 
a narrow gap 12mm for 30mm thick plates, the optimal welding wire feed rate (8m/min), welding electrode 
travel speed (8–11mm/s), and electrode spacing in the welding line direction (10mm) were determined, 
resulting in a welded joint with a good weld bead shape and no defects. 

Chapter 3 studied the mechanism of interlayer dwell time (IDT) control strategy for the synergistic 
improvement of strength and toughness of deposited metal (ER70-G). Specifically, the IDT control strategy 
refined the microstructure, reduced grain boundary ferrite content, increased dislocation density, and raised the 
proportion of high-angle grain boundaries. These favorable microstructural characteristics collectively ensured 
the synergistic enhancement of both strength and toughness in the deposited metal.  

In Chapter 4, defect-free dissimilar steel joints (NM450/ER70-G/ZG30SiMn) by the double-wire narrow 
gap GMAW process were successfully manufactured. The microstructural evolution was comprehensively 
evaluated through finite element simulation and experimental measurement. Additionally, a comprehensive 
assessment of the mechanical properties of different joints was conducted, including microhardness, tensile 
strength, impact toughness, and bending performance. The mechanical properties of the double-wire narrow gap 
GMAW welded joints met practical application requirements. 

In Chapter 5, Fe-Cr-C alloy welding wire (KB968) as cladding material on the heterogeneous joint surface 
was employed to significantly improve the wear resistance. Furthermore, results indicated that higher dilution 
ratios increased carbide content in the cladding layer with more uniform distribution, which is conducive to 
further enhancing wear resistance. 

Chapter 6 summarized the main findings of this research and discussed prospects for future work. This 
study also supplied important guidance for high-quality efficient manufacturing and enhanced durability of 
welded structures. 
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