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Research Division of Materials Joining Process, Dep. of Energy Control of
Processing

Research summary

The main research subject is the development of the high density energy source for processing
advanced materials having special functions and properties. We undertake fundamental
investigations of the properties of the high energy source interacting with materials, and we study
advanced control techniques for optimizing the energy transport.

Major emphasis is placed on the generation, control and energy transport in arc plasmas, which
are a high density energy source which have been applied to a variety of materials processing
techniques such as welding, cutting, heating, high temperature processing, surface modification
and the creation of powders.

Research subjects

(1) Generation and control of thermal plasmas, and their application to welding and joining
processes

(2) Arc physics, molten pool behavior, and transport theory in fusion welding

(3) Development of new arc electrodes based on the analysis of electrode-plasma interaction

(4) Development of advanced high quality clean welding processes

(5) Development of new generation welding and joining processes employing atmospheric pressure
plasma

(6) Control of arc discharge in lighting and electrical devices
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Major Papers

Numerical simulation on effects of constricted nozzle on arc phenomena in TIG
welding process ((a) Temperature distribution in conventional TIG welding, (b)
Temperature distribution in TIG welding with a constricted nozzle, (c) Heat flux
to the anode surface). In TIG welding with a constricted nozzle, arc temperature
increases due to constriction of arc. Consequently, larger heat flux to the anode
surface is obtained compared with that of conventional TIG welding.

K. Tanaka, M. Shigeta, H. Komen and M. Tanaka, “Electrode Contamination Caused by Metal Vapour Transport
during Tungsten Inert Gas Welding”, Sci. Technol. Weld. Joining, 26, 3 (2021), 258-263.

H. Komen, M. Shigeta, M. Tanaka, Y. Abe, T. Fujimoto, M. Nakatani and A. B. Murphy, “Numerical Investigation
of Heat Transfer During Submerged Arc Welding Phenomena by Coupled DEM-ISPH Simulation”, Int. J. Heat
Mass Transf., 171 (2021), 121062.

S. Tashiro, S. Miki, A. B. Murphy, M. Tanaka, Y. Kisaka, F. Kimura, T. Suwa and Y. Takahashi, “Influence of Groove
on Metal Vapour Behavior and Arc Characteristics in TIG Welding of High Manganese Stainless Steels”, Plasma
Chem. Plasma Process. (2021)

N. Q. Trinh, S. Tashiro, K. Tanaka, T. Suga, T. Kakizaki, K. Yamazaki, T. Morimoto, H. Shimizu,
A. Lersvanichkool, A. B. Murphy, H. V. Bui and M. Tanaka, "Effects of Alkaline Elements on the Metal Transfer
Behavior in Metal Cored Arc Welding”, J. Manuf. Process., 68 (2021), 1448-1457.


https://doi.org/10.1080/13621718.2021.1893024
https://doi.org/10.1016/j.ijheatmasstransfer.2021.121062
https://doi.org/10.1007/s11090-021-10218-y
https://doi.org/10.1016/j.jmapro.2021.06.061

Research Division of Materials Joining Process, Dep. of Energy Transfer Dynamics

Research summary

Our research activities encompass works on development of process control technologies of
surface and interface for advancement of materials joining science and processing technologies
through creation of novel process-energy sources (plasmas and particle beams), and span the range
of applications from to functionalization of materials to their process control. These research
activities are based on fundamental studies on energy transfer dynamics involved in a variety of
materials processing with process-energy sources.

Research subjects

(1) Development of novel plasma sources and particle beams for advanced process technologies
(CVD, PVD)

(2) Development of novel large-area, low-damage and high-density plasma sources for advanced
process control of functional materials

(3) Development of novel large-area, low-damage and high-density plasma sources for advanced
process control of functional materials

(4) Creation of softmaterial processing science for development of advanced green
nanotechnologies with inorganic/organic flexible hybrid structures

(5) Studies on temporal and spatial control of discharge for development of innovative plasma
sources for plasma medicine
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Major Papers

K. Takenaka, Y. Setsuhara, G. Uchida and A. Ebe, “Amorphous InGaZnOy Thin Film Formation by a Plasma-
Assisted Reactive Process”, OYO BUTSURI, 90, 1 (2021), 35-39. m

K. Takenaka and VY. Setsuhara, “Formation of Functional Oxide Thin Film by Plasma-assisted Reactive Process
Using Mist”, J. Smart Process., 10, 1 (2021), 10-14.

J. Hayashi, K. Nagai, Y. Habu, Y. Ikebe, M. Hiramatsu, R. Narishige, N. Itagaki, M. Shiratani, Y. Setsuhara and G.
Uchida, "Morphological Control of Nanostructured Ge Films in High Ar-gas-pressure Plasma Sputtering
Process for Li lon Batteries”, Jpn. J. Appl. Phys., 61 (2021), SA1002. | doi |


https://doi.org/10.11470/oubutsu.90.1_35
https://doi.org/10.35848/1347-4065/ac2b7b

Research Division of Materials Joining Process, Dep. of Manufacturing Process

Research summary

The main research objectives are to analyze the mechanisms of material process including joining
by various energy sources, and to develop advanced processes with high efficiency and high
productivity. Especially, for a micro joining process in electronics packaging, the creation of the
functional joint materials, the development of novel advanced micro processes by various energy
sources, and the enhancement of the highly reliable joints based on the control of interfacial
structure and performance are performed to produce micro joints with superb functionality and
high reliability. In addition, we are resolving the joining problems of newly-developed materials.

And we are aiming to develop new appropriate material processes for these materials.

Research subjects

(1) Development and evaluation of advanced micro joining process
(2) Elucidation of micro joining phenomena and defect suppression
(3) Control and analysis of microstructure at soldered interface

(4) Development of eco-friendly fluxless soldering process using a reducing atmosphere

(5) Formation of high heat-resistance joint using three-dimensional nanostructure
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Major Papers

Microstructure of sintered joint using Ag nanoparticle paste
(a)Serial sectioning of Ag sintered layer by FIB/SEM system
(b)Reconstructed 3D image of Ag sintered layer
(c)Reconstructed 3D pore distribution into Ag sintered layer

Z.Jin, Y.-A. Shen, F. Huo, Y. C .Chan and H. Nishikawa, “Electromigration Behavior of Silver Thin Film

Fabricated by Electron-Beam Physical Vapor Deposition”, J. Mater. Sci., 56 (2021), 9769-9779.

Y. Hirata, C.-H. Yang, S.-K. Lin and H. Nishikawa, “Improvements in Mechanical Properties of Sn-Bi Alloys with

Addition of Zn and In", Mater. Sci. Eng. A., 813 (2021), 141131.

Z.Jin, Y.-A. Shen, Y. Zuo, Y. C .Chan, S. H. Mannan and H. Nishikawa, “Observation of Void Formation Patterns
in SnAg Films Undergoing Electromigration and Simulation Using Random Walk Methods”, Sci. Rep., 11

(2021), 8668.

F. Hou, Z. Jin, D. L. Han, K. Zhang and H. Nishikawa, “Interface Design and the Strengthening-Ductility
Behavior of Tetra-Needle-Like ZnO Whisker Reinforced Sn1.0Ag0.5Cu Composite Solders Prepared with

Ultrasonic Agitation”, Mater. Des., 210 (2021), 110038.

Y.-J. Kim, B.-H. Park, S. K. Hyun and H. Nishikawa, “The Influence of Porosity and Pore Shape on the Thermal

Conductivity of Silver Sintered Joint for Die Attach”, Mater. Today Commun., 29 (2021), 102772.


https://doi.org/10.1007/s10853-021-05862-w
https://doi.org/10.1016/j.msea.2021.141131
https://doi.org/10.1038/s41598-021-88122-w
https://doi.org/10.1016/j.matdes.2021.110038
https://doi.org/10.1016/j.mtcomm.2021.102772

Research Division of Materials Joining Process, Dep. of Laser Materials Processing

Research summary

Fundamental studies are performed concerning welding, joining, cutting, surface modification
and removal processing with laser beams, aimed at advanced fusion between laser science and
production engineering. We focus on clarification of welding or joining mechanisms on the basis of
the visualization of material processing phenomena with high-speed optical observation or X-ray
transmission imaging techniques. Moreover, laser should be utilized with not only high thermal
efficiency but also physicochemical effects induced by interaction between light and material. Thus
we create innovative processes including laser direct joining of metal and plastic, put these
processes to practical use and disseminate achievements of our research to the world.

Research subjects

(1) Development and evaluation of joining and welding processes for the advanced functional
materials

(2) Development of additive manufacturing technologies with blue diode laser

(3) Creation of new function by surface modification with laser

(4) Fundamental studies on laser interaction with materials and fundamental studies of materials
processing utilizing laser

Laser irradiated area

&

PMMA film surface after femtosecond laser irradiation. Copper cladding using blue diode laser (a)Blue diode
(@) SEM image with periodic nanostructures oriented to the laser (b) X ray observation of laser coating with blue
direction perpendicular to the laser polarization vector (The period laser (c) Cross section image (d) Surface image of pure
of the periodic nanostructure is about 230nm) on PMMA film copper coating layer (e) 3D object of pure copper by
surface. Blue diode laser

(b) Fluorescence microscope image of cell cultivation test. Cells
adhered to the periodic nanostructures surface rather than bare
surface.

Major Papers

Y.Sato, N. Shinohara, T. Arita, M. Mizutani, T. Ohkubo, H. Nakano and M. Tsukamoto, “In Situ X-Ray Observation
of Keyhole Dynamics for Laser Beam Welding of Stainless Steel with 16 kW Disk Laser”,
J. Laser Appl., 33 (2021), 042043.

K. Takenaka, N. Shinohara, M. Hashida, M. Kusaba, H. Sakagami, Y. Sato, S. Masuno, T. Nagashima and M.
Tsukamoto, “Delay Times for Ablation Rate Suppression by Femtosecond Laser Irradiation with a Two-Color
Double-Pulse Beam” Appl. Phys. Lett., 119 (2021), 231603.

T. Pasang, B. Tavlovich, O. Yannay, B. Jackson, M. Fry, Y. Tao, C. Turangi, J.-C. Wang, C.-P. Jiang, Y. Sato,
M. Tsukamoto and W. Z. Misiolek, “Directionally-Dependent Mechanical Properties of Ti6Al4V Manufactured
by Electron Beam Melting (EBM) and Selective Laser Melting (SLM)”, Materials, 14, 13 (2021), 3603.

Y. Sato, K. Ono, K. Takenaka, K. Morimoto, Y. Funada, Y. Yamashita, T. Ohkubo, N. Abe and
M. Tsukamoto, “Fabrication of Pure Copper Rod by Multi-beam Laser Metal Deposition with Blue Diode Lasers”,
J. Laser Micro Nanoeng., 16, 3 (2021), 189-193.


https://doi.org/10.2351/7.0000518
https://doi.org/10.1063/5.0073671
https://doi.org/10.3390/ma14133603
https://doi.org/10.2961/jlmn.2021.03.2007

Research Division of Materials Joining Mechanism, Dep. of Welding Mechanism

Research summary

Mechanisms controlling the joint performance of structural and functional materials, which obtained
by fusion welding, liquid-state/solid-state bonding, and solid-state bonding, are metallographically
characterized to establish a scientific basis to produce joint materials featuring superior performance.
The microstructures of the weld-deposited metal, the heat-affected zone of fusion-welded joints, and
the interfacial region of solid-state bounded joint are thoroughly investigated utilizing various methods
such as X-ray diffraction, electron-microscopy observation, elementary analysis, EBSP analysis, and
numerical modeling and simulation. Formation processes of the microstructures and their relation to
joint performance are discussed from the material scientific viewpoint.

Research subjects

(1) Weld microstructure analyses of structural material such as steel

(2) Bonding mechanism of solid-state joining of metals and ceramics, and its application to microstructural control
(3) Application of welding and joining phenomena to development of advanced materials

(4) Synthesis of new functional materials at welding and joining interface

(5) Evaluation of the effect of microstructure on mechanical behavior of structural materials joints
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Major Papers

T. Kakizaki, S. Koga, H. Yamamoto, Y. Mikami, K. Ito, K. Yamazaki, S. Sasakura and H. Watanabe, “Microstructure
Features and Formation Mechanism in a Newly Developed Electroslag Welding”, Weld. World (2021), 1-12.

H. Yamamoto, Y. Imagawa, K. Ito, K. Chen and L. Zhang, "Alloying a Topmost Steel-Plate Layer with WC-tool
Constituent Elements during Friction Stir Processing”, J. Manuf. Process., 69 (2021), 311-319.

J. D. Kulkarni, S. B. Goka, P. K. Parchuri, H. Yamamoto, K. Ito and S. Simhambhatla, “Microstructure Evolution
along Build Direction for Thin-Wall Components Fabricated with Wire-Direct Energy Deposition”, Rapid
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Research Division of Materials Joining Mechanism, Dep. of Joint Interface
Structure and Formation Mechanism

Research summary

In this department, based on the elucidation of the various phenomena at the joint interfaces of

ferrous, nonferrous, non-metal materials at both macroscopic and microscopic levels, the interface
formation mechanisms during various joining processes are clarified to create new interface control
methods.
In addition, novel welding and modification processes are developed, mainly based on fusion
welding methods and friction welding methods such as the friction stir welding, rotary friction
welding and linear friction welding methods, which is the core of the fundamental technologies
having a great potential to produce new values. These developments are going to be used and
focused simultaneously in our society in order to create a new research field and elevate the
continuous growth of industrial competitiveness of our country.

Research subjects

(1) Control of interface and elucidation of formation mechanism during friction welding (FSW,
Friction welding, Linear friction welding)

(2) Development of novel joining and modification processes

(3) Elucidation of formation mechanism of weld interface and molten pool

(4) Analysis of joint interface structure

(5) Control of solid-liquid interface formation
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Research Division of Materials Joining Mechanism, Dep. of Composite Materials
Processing

Research summary

From a viewpoint of the energy saving and environmental problem solutions, the research fields
of this department focus on both of the effective reuse of resources and energy including renewable
ones and reduction of life hazardous materials and air pollutions. In particular, by controlling the
interfacial mechanics and high-performance of materials, atomic/nano-scale composite materials
and processing designs for the environmentally benign are established, and applied to innovative
industrial development.

Research subjects

(1) Powder based titanium materials with static and dynamic high-strength & ductility

(2) Core-shell structured Ti-N composite powders via solid-gas reaction

(3) Selective laser melted titanium alloys strengthened by solid-solution and nano-dispersoids
(4) Nano-carbon materials reinforced metal matrix composites via local interface mechanics

(5) Direct bonding of plastic materials to metals by molecular structure and fine bubbles control
(6) Ni-rich TiNi shape memory alloys with nano-precipitation and application to medical devices
(7) Local surface potential difference in CNTs reinforced metal materials and its applications
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