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[Af%2 1] Ultrafine-grain formation and improved mechanical properties of novel extruded Ti-Fe-W
alloys with complete solid solution of tungsten

Thermomechanical processing and solid-solution strengthening are effective ways to improve the
mechanical properties of Ti alloys. In this study the effect of W on the strengthening of Ti-Fe alloys was
studied by preparation of Ti-4Fe-xW (x = 0-3 wt.%) alloys using spark plasma sintering, homogenization heat
treatment and hot extrusion. The microstructure of the sintered specimens included undissolved W partlcles
distributed in the acicular a + £ matrix. However, ' '
heat treatment at 1300 C for 1 h led to the complete
dissolution of W. After hot extrusion at 850 C, an
ultrafine equiaxed (globular) microstructure was

observed. The main effect of W on the microstructure E P :—?&\\\
was a remarkable grain refinement by activation of  § ‘”’, e
dynamic recrystallization and impediment of the E ""TL"“'#H w“\
grain boundary mobility in Ti-4Fe-(1-3)W (~1 ym) & : | o e
when compared to Ti-4Fe (~3 um). The tensile yield . B

H ol 13 wLs oz = «l

strength increased as W content increased so that the Hominal straia tmm/mm] L
Ti-4Fe-3 W alloy exhibited a remarkably high tensile 1 Microstructure evolution (include crystallographic

strength, yielding at ~1123 MPa with an elongation of orientation) and tensile properties of extruded Ti-
26% 4Fe-(0-3)W alloys.
~. 0.

[#F22 2] Measurement of local material properties and failure analysis of resistance spot welds
of advanced high-strength steel sheets

Safety evaluation of resistance spot welds necessitates accurate measurement of local constitutive
properties. In this study, novel mini-peel and miniature tensile tests were developed for numerical inverse
calibration of constitutive parameters in the nugget and heat-affected zone (HAZ) of DP980 steel welds. A
damage accumulation index D,/C, was put forward to evaluate the crack initiation and propagation. The result
indicates that the increase of nugget diameter from 3.5 mm to 6.8 mm slowed down the damage accumulation
rate in the nugget and accelerated that in the HAZ, resulting in the transition of failure mode from a brittle
interfacial mode to a ductile button pull-out mode.

Failure criteria: f max(e;,0) de?/ €}, = CRIT

-
<

Inwfaclal failure  [ii [

N.D. =3.5 mm

000 0E0 OS6 088 BJ2 0I5 0O
True strain

2000
Mugget 0 UTS paints D
= =
g - b | Pull-out failure
g o (pucisz g : S
g =
P
£ |o¢
e, n] H
d (oze=s1eT) | S
H D, fCy m—
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2 Local material tests and calculated damage accumulation process of DP980 steel resistance spot welds under
tensile-shear loading
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7. 15 Smart MADE 2021: 2nd Global Forum on Smart Additive Manufacturing,
Design & Evaluation
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10th - 12th March 2021 | Osaka University Nakanns-ﬁima Center | Osaka, JﬂﬁN

Additive Manufacturing of Ceramics

Alexander Michaelis (Fraunhofer IKTS, Germany)

First Time Additively Manufactured Advanced Ceramics by Using Two-Photon Polymerizatio for Powder Processing
Johanna C. Sénger and Jens Giinster (BAM, Germany)

Multi-functional Bone Scaffold Fabrication Based on Material Extrusion and Self-setting Reaction

Hui-suk Yun (KIMS, Korea)

Formation of Crystallographic Texture by Metal Powder Bed Fusion

Takayoshi Nakano (Osaka University, Japan)

Strengthening Mechanism of Selectively Laser Melted Ti-Zr Alloys

Katsuyoshi Kondoh, Ammarueda Issariyapat, and Junko Umeda (Osaka University, Japan)

Computer Simulations for Microstructure Control in Powder Bed Fusion (PBF) Type Additive Manufacturing (AM)
Yuichiro Koizumi and Masayuki Okugawa (Osaka University, Japan)

Stimuli Responsive Rheology of Suspensons for 3D Printing and Soft Robotics

Hiroya Abe (Osaka University, Japan)

Additive Manufacturing: A Game Changer in Global Supply Chain

Mrityunjay Singh (Global Alliance for Technology and Society, USA)

Additive Manufacturing of Ceramics using Preceramic Polymers

Paolo Colombo (University of Padova, Italy)

Integrated design and 3D printing of Porous ceramics

Zhangwei Chen (Shenzhen University, China)

Highly Packed Powder Beds For Additive Manufacturing and Hybrid Processing

Andrea Zocca, Raphael Bernardino, Giorgia Franchin, and Jens Giinster (BAM, Germany / University of Padua, Italy)
Single Droplet Assembly of 2D Nanosheets for Additive Manufacturing

Yue Shi and Minoru Osada (Nagoya University, Japan)

Cold Crystallization and Morphology Control of SnO, Nanosheets for Gas Sensors and Chemical Sensors
Yoshitake Masuda, Pil gyu Choi, Kyusung Kim, and Toshio Itoh (AIST, Japan)

Coatings of Protective and Functional Ceramic Layers by CVD Techniques Utilizing Laser

Hirokazu Katsui and Mikinori Hotta (AIST, Japan)

Stereolithographic Additive Manufacturing of Ceramic Components with Electromagnetic Structures
Soshu Kirihara (Osaka University, Japan)
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7. 16 2nd JWRI IMS Seminar on Joining and Materials Science
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(8) JWRIEIEFOY 5 L SR

Wenjing ZHANG

PhD student,
School of Materials Science and Engineering,
Northeastern University,

Shenyang city, Liaoning Province, China

I have completed the JWRI DOJO Program at Department of Joint Interface Structure and Formation
Mechanism, Joining and Welding Research Institute (JWRI), Osaka University under the supervision of Prof.
Hidetoshi Fujii, on “Severe plastic deformation and superplasticity of the titanium alloys”, from January 1 to
August 31, 2020.

I studied the microstructural evolution process of the beta-type and duplex-phase titanium alloys during
friction stir processing. Specifically, I studied the superplastic deformation behavior and mechanism of the
friction stir processed fine-grained Ti-6Al-4V alloy and Ti-15-3 alloy. Based on the investigations mentioned
above, I have published 2 papers including 1 paper on “Journal of Alloys and Compounds” and 1 paper on
“Materials Science and Engineering A” in the period of this program. In addition to these, I still have some
interesting data to write papers.

It was a fruitful and rewarding stay at JWRI and I hope I have the chance to come here again to do more
meaningful and attractive research in the future.

I would like to sincerely appreciate Prof. Hidetoshi Fujii for his supervision and members of his laboratory

for their kind help and support during my stay at JWRI, Osaka University.
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LUO CuUlI

PhD student,
School of Materials Science and Engineering,

Jilin University,

No. 5988 Renmin Street, Changchun 130025, China ]

I have completed the JWRI DOJO Program at Department of Materials Joining Processing, Joining and
Welding Research Institute (JWRI), Osaka University under the supervision of Prof. NISHIKAWA Hiroshi, on
“Corrosion behavior of Zn-based high-temperature solder”, from January 1, 2020 to November 30, 2020 for

eleven months.

We investigated the effect of Bi addition on the corrosion resistance of Zn-based high-temperature solder.
Accordingly, the corrosion mechanism of the ZS-xBi high-temperature solders were studied. Furthering the
understanding of how adding Bi changes the corrosion mechanisms is essential for developing of strong
corrosion-resistant high-temperature solders and advancing functional material connections. In addition, we
also conducted research on another subject (Effect of Ni addition on interfacial reaction and IMC growth of
Sn0.7Cu/Cu soldered joint under laser soldering and aging). The effect of laser soldering and Ni addition on
the microstructure and interfacial growth was investigated. Impact tests were performed and the strength of
soldered joints with different composition were compared. The fracture morphology and fracture location
were analyzed. Accordingly, the correlation between the IMC thickness and impact strength was revealed.

I feel very honored to have this opportunity to carry out JWRI DOJO Program. I learned a lot of knowledge
through this process and broadened my research horizons. In this process, I keep learning and improving
myself. In the following research, I will think more about scientific research problems and practice more, and
actively discuss with teachers when I have difficulties.

I would like to appreciate Prof. Hiroshi NISHIKAWA for his supervision and members of his laboratory for
their support during my stay at JWRI, Osaka University.
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LI BO

Research student,

Joining and Welding Research Institute,
Osaka University,

11-1, Mihogaoka, Ibaraki, Osaka.

DOJO Program at the Department of Joining Design and Dependability, Joining and Welding Research
Institute (JWRI), Osaka University under the supervision of Prof. Seiichiro TSUTSUMI, on “Prediction of
fatigue strength of joints with different welding conditions”, from January 1%, 2020 to September 30", 2020
for nine months.

My research topic, aiming at clarifying the factors that influence the fatigue strength of tapered butt weld
joints with backing plate, consists of two parts, including an experiment part and a fatigue life numerical
simulation part. I reported the results of these two parts at our laboratory seminar weekly, which improved my
Japanese speaking and academic abilities dramatically.

For the first part, experiments, I studied using relative experiment machine, for example, I learned how to
measure profile messages (such as distortion between two welding sides and weld toe) of welded butt joints
specimens by using the VL series 3D scanner which could help us to found FEM models in later steps. Under
the instruction of Pro. TSUTSUMI and laboratory members, I also grasped the method of measuring X-ray
residual stress and capture photos of fracture surface by SEM microscope. For exploring critical fatigue
performances of specimens, I learned the experiment method and conducted several fatigue strength tests by
utilizing 30 Tons servo fatigue test machine.

For the second part, the numerical analysis, I learned not only software to conduct finite element analyses
to calculate stress concentration factors and simulate fatigue life but also studied mechanics theories, such as
the Von Mises theory and the Paris theory, which are essential to welding joint fatigue life simulation. The
fatigue life is usually divided into two parts, fatigue crack initiation life, and fatigue crack propagation life.
Correspond to different fatigue life stages, I studied using FEM method software, ABAQUS 6.14, to found
the FEM model and calculate stresses and strains of models under cyclic loadings, to simulate crack initiation
life. For the crack propagation life part, I studied and acquire proficiency in another France FEM software,
Salome 2017, which is powerful to calculate stress intensity factors and crack propagation path but tough to be
set numerical analysis condition. In the numerical analysis part, I have grasped FEM software utilizing skills
and gathered amount of experiences of fatigue life simulation, which gradually helps me to figure out factors
of fatigue performance. At last, I could compare the results of experiments and simulation combining crack
initiation and propagation, to analyze factors that influence the fatigue performance of welding butt joints. In
the meantime, I could acquire several research results about clarifying factors of fatigue performance between
equal and unequal thickness plate butt joints, which is a lack of researches at present, and I could have the
honor to have a presentation in Material Week held by JSMS October this year.

During the process of this program, I have gained two main harvests about academic. On the one hand,
I knew and learned how to use a vast of advanced experiment machines and enrich my ideas of conducting
experiments. On the other hand, about theories, I did not only gain so abundant mechanics knowledge and
realize the importance of welding fatigue strength but also obtained numerical simulation analyses experiences

that are an effective way to welding fatigue researches. Besides plentiful academic harvests which made me
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feel charming of welding fatigue studying, I also harvested friendships with other researchers from various
countries, which brings me about excellent ideas and opened my horizon of academics and life.

In the end, I would like to express my sincere appreciation to Prof. Seiichiro TSUTSUMI who offered
me the chance to conducting researches here and provided me with academic and life support for me. I also
want to show my thanks to this program, which relieved my worries about the financial problem of studying
abroad. At last, I want to appreciate the laboratory members who helped me a lot in the study at JWRI and live
in Japan first year. It is because of them and their supports, my life of studying abroad could be so colorful and
fruitful. So, thanks again to the people who helped me a lot this year, and I would take my effort to continue

my research here with my gratitude.
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7. 20 SHEIAHIR ST
SHARMA ABHISHEK
Specially Appointed Researcher

Joining and Welding Research Institute (JWRI),
Osaka University, Japan

I first felt the thrill of pursuing a dedicated scientific research, when I read about
the great physicist and a Noble prize awardee Richard Feynman, in his popular book- “Surely You're Joking
Mr. Feynman: Adventures of a Curious Character”, in my sophomore undergraduate year. Since then, the
passion to excel and to innovate has always hosted a hungry and foolish soul in me.

I have completed graduation in Mechanical Engineering from Govt. Engg. College, Vidisha (India) in
year 2011 and then joined as a project fellow in a prestigious CSIR lab - Advanced Materials and Processes
Research Institute (AMPRI), Bhopal (India). This was the turning moment of my life, and for the first
time I was introduced to the details of material science and various processing strategies. The working at
CSIR-AMPRI is full of knowledge with heated arguments, debates, and discussions over various scientific
phenomenon with material scientists from various backgrounds. And within three months itself, I was
fascinated with the research career and decided to go for perusing the higher studies and research at premier
institute of India. The learning about the materials and their metallurgical backgrounds guided me to the
stream of foundry and forge technology at the National Institute of Foundry and Forge Technology (NIFFT),
Ranchi. It is the only institute in all over Asia which provides a specialization in foundry and forge technology.
The curriculum was exhaustive, and I learned about the basics of iron and steel making, metallurgical aspects
of light metals such as aluminium, magnesium etc. In the project work I have carried out the casting of
Austempered ductile iron (ADI) with Cu addition in different weight fractions. The competitive environment
prevalent in my institute along with the research work and the projects done by the faculty motivated me to
pursue Ph.D in the area of material processing.

The Ph.D experience at IIT Kharagpur was entirely different. The world-class exposure and interaction with
the internationally reputed faculties (especially my supervisor Prof. Jinu Paul) bring out the true researcher
in me. My thesis title was “Development of friction based solid state processing strategies for the surface
modification of aluminium alloys”. Here I have developed and modified the existing friction-based strategies
such as friction stir processing and friction surfacing. I have conceptualized, designed and executed the novel
powder metallurgy assisted friction surfacing process for the surface alteration of aluminium alloys. I have
worked with various carbonaceous reinforcement such as graphene, carbon nanotubes and graphite for the
improvement in the tribological performance of the aluminium alloys.

My association with the Fujii laboratory at JWRI, Osaka University begins in January, 2021 when I joined
here as a specially appointed researcher (Post doc). Here, my research topic is the development of Al-graphene
nanocomposites through flake powder metallurgy assisted friction stir processing (FSP). The objective of
the research is to study the microstructural evolution, dispersion characteristics of graphene, and the various
strengthening mechanisms involved when the two very important techniques of composite fabrication i.e.
spark plasma sintering and FSP are combined. Prof. H. Fujii is a very reputed and renowned scientist in the

field of friction stir welding and processing. Working under his guidance and being a member of Fujii lab
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is like a dream come true situation for me. Prof. Fujii and his team are very supportive and introduced me
with the various new aspects of research. Moreover, I am thankful to the JWRI for providing a world class

infrastructure which enhanced the overall quality of my research work.
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