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Development of Material model and strength
evaluation of welded joints

Development of fast computing method for
welding problems

Analysis of thermal stress and deformation

Mechanism and Design of dissimilar materials
joining by first principle calculation

Numerical modeling of laser metal deposition
process of superalloys

Development of fast computing method for
welding problems
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Digital twin for advanced welding and joining
technologies

Digital twin for advanced welding and joining
technologies

Digital twin for advanced welding and joining
technologies

Digital twin for advanced welding and joining
technologies
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(%2 1] Asymmetric local strain, microstructure and superelasticity of friction stir welded Nitinol

The weldability of powder metallurgy (PM) Ti-51 at %Ni alloy was studied using friction stir welding
(FSW). It was found that FSW triggered the dynamically re-crystallized fine grains in which tangles of
dislocations existed. The crystallographic orientations in the weld zone revealed locally high texture evolution
along with diverse Schmid factors measured for active slip systems of Nitinol in different locations of the
welds. These heterogeneous crystallographic orientations, dislocation density and Schmid factor variations
caused a gradient in local mechanical properties across the welds during the uniaxial tensile test performed by
digital image correlation (DIC). The 350 rpm weld exhibited the excellent mechanical properties, yielding at
~ 720 MPa (~ 37% higher than the base metal and all previously reported Nitinol welds) and reaching an
ultimate strength of ~940 MPa and 8% elongation.
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1 Crystallugraphic orientation mapping (local high texture) and uniaxial tensile properties of friction stir welded Ti—
51at%Ni alloy

[ #F % 2] Microstructure evolution and mechanical performance
of friction self-piercing riveted (F-SPR) AA7075-T6 aluminum

alloy sheets y
. . . mu-l !

F-SPR process uses a semi-hollow rivet, which rotates at TMAZ I

a high-speed and meanwhile penetrates into the workpieces. :

Frictional heat is generated to soften the work materials and

inhibit the cracking induced by large deformation.

The high-speed rotation of rivet introduced high strain rate

E Typed_255 HV = Type-I_597 HV

shear deformation to the work materials, which refines the %12 F ilxiléf’si"& i 1&_53;%
grains adjacent to the rivet shank via continuous dynamic g” - LTy k“i
recrystallization and promotes solid-state bonding at the rivet/ 1OpF=29d-6p" i
sheet interface and the sheet/sheet interface. E or *ﬁ s 3 5
The ultra-fine grain increases the local hardness of the joint, b 3-15! ﬁi' : } : :.“-
which, together with the solid-state bonding in the rivet cavity, E :’ j.-; @ ,L*I'n:- Saa ~12.1 \..?
52 56 80 6.4 68 72

acted as an “anchor” to restrict the deformation and slipping gt e s

of the rivet when the joint is under external loading. This novel 2 Microhardness distribution map, ultra-

joining process improves the joint tensile-shear strength by 120% fine grain zone structure and tensile-
shear performance of AA7075-T6

compared to the traditional self-piercing riveting process.
F-SPR joints
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7. 14 SEAMERERN
Wangnan LI, Ph.D., Lecturer
School of Physics and Electronic Engineering,

Hubei University of Arts and Science,
Xiangyang, Hubei, China

I has worked as a research fellow, at Department of Joining Mechanics and

Analyses, Joining and welding Research Institute (JWRI), Osaka University, from Jul. 2018 to Aug. 30, 2019.

My research includes:

1) Analysis of welding deformation and residual stress in cold metal welding (CMT) lap joints of ultra-high
strength steels. In this study, a thermal elastic plastic finite element model (FEM) for analysis of welding
deformation and residual stress in CMT lap joints of ultra-high strength steels (1180MPa and 1500MPa)
was developed considering the softening phenomena in heat affected zone (S-HAZ). The analyzed
results using the developed model considering S-HAZ are well consistent with the experimental ones.
Both the accuracy and effectiveness of the developed FE model were validated.

2) Analysis and in-situ measurement of transient out-of-plane distortion modes in bead welded thin plates.
In this study, the novelty thermal-elastic plastic finite element method (FEM) was developed based
on JWRIAN-hybrid software and digital image correlation (DIC) method for accurate prediction of
the transient welding distortion. The developed method was used to analysis the effect of the initial
deformation of the thin plate on the welding deformation. The transient distortion and final deformation
of a thin plate in tungsten inertial gas (TIG) welding was successfully measured by DIC method.
Through comparing the measured data and the simulated result, it was found that deformations predicted
by FEM were in good agreement with the experimental results.

It was a fruitful and rewarding stay at JWRI and I am very much hope to continue this collaboration in the
future.
I would like to sincerely appreciate Prof. Ninshu Ma for his invitation and Ma-Lab members for their kind

support during my stay at JWRI, Osaka University.
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Buchibabu Vicharapu, Ph.D

Assistant Professor,
Department of Mechanical Engineering
IIT Palakkad, Kerala, India, 678557

I worked for Joining and Welding Research Institute (JWRI), Osaka University,
Japan for more than two years under the mentorship of Prof. Hidetoshi Fujii. I truly enjoyed the laboratory
environment especially in a way that I had been given a complete freedom of choosing the research topic of
my interest. I was allowed to continue my research in the direction of development of a finite element based
process models for the latest welding techniques. As part of my research at JWRI, I contributed my little
towards the development of an in house thermo-mechanical model (JWRIAN) to compute both temperature
distribution and residual stresses for friction stir welding and its novel variants in collaboration with
Prof. Ninshu Ma laboratory, JWRI. I am glad to express that Prof. Fujii has always been a helping hand in
extending his support for a research collaboration to carry out quality research.

Prior to my joining at JWRI, I obtained Ph.D from IIT Bombay, India with a research specialization in
the area of solid state joining. As part of my research, I also had an opportunity to carry out a collaborative
research work with two well-known research laboratories for the solid state joining, such as I. Physical
Metallurgy Laboratory (LAMEF), Universidade Federal do Rio Grande do Sul (UFRGS), Brazil, and II.
Helmbholtz-Zentrum Geesthacht (HZG), Geesthacht, Germany. I contributed my little towards the understading
of the novel solid state joining and reparing techniques such as girth friction welding (GFW) of line pipe
steels, friction hydro pillar processing (FHPP) and friction taper stitch welding (FTFSW) of C-Mn steels, Cr-
Mo steels and duplex stainless steels.

I committed to continue my research in the broad area of welding and 3D printing of metallic materials
through coupled experimental and numerical approaches. Analyses of heat transfer, material flow,
residual stresses, thermal distortion in welded structures and additively manufactured 3D metallic builds,

microstructure and mechanical property correlations are some of my subject specific interests.
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KAR AMLAN

Specially Appointed Researcher
Joining and Welding Research Institute (JWRI),

Osaka University, Japan

I have always aspired to choose a career that would mean work that gives me
satisfaction and a persistent drive to improve my ergonomics. Today, as I stand at the threshold of new
pathways of learning and contributing, I have, without hesitation, chosen to pursue my professional career in
the field that extracts me the most and draw the best of my abilities.

A strong enthrallment for science in today s ever growing world of technology motivated me to choose
Mechanical engineering, a B.E program at Jalpaiguri Government Engineering College. I see this as a first step
towards achieving my career objective of research in an academic environment. After undergraduate, I decided
to join IIT Madras, India in the specialization of Metal Forming, Department of Metallurgical and Materials
Engineering. I believed that the knowledge I had gained would be a beneficial extension to work associated
with deformation of materials and I joined Indian Institute of Science (IISc) IISc), Bengaluru, India for my
Doctor of Philosophy (Ph.D.) on the topic of “Micro mechanisms associated with Friction Stir Welding (FSW)
of Aluminium with Titanium” . While working on my thesis, I developed a structure property relationship
of dissimilar FSW. The salient features of the different micro mechanism operating during FSW of the
investigated combinations had been discussed in detail. After my Ph.D., I have worked on multiple topics such
as ‘Incremental sheet metal forming of titanium” (sponsored by Boeing, India), “Development of composite
using Friction Stir Processing” (sponsored by IISc Bengaluru, Research Associate) and “Development of
Friction Stir Welding Technique for Joining Dissimilar Light Alloys™ (sponsored by DST, an Indo Russian
joint project). I see myself continuing to learn and grow and take new challenges to establish myself as an
eminent scientist and academician who can solve the problems of today’ s world. Therefore, in 2019, I joined
the Fujii laboratory in JWRI as a Specially Appointed Researcher (post doc) on a project entitled “Dissimilar
friction stir welding of aluminum to steel” . The objective of the project was to study the microstructure,
material flow, dynamic strengthening mechanisms, calculation of growth kinetics of the intermetallics and
mechanical properties of the dissimilar FSW of aluminum and mild steel. Prof. H. Fujii is one of the renowned
experts in FSW in the world. He provides insightful suggestions and guidance about dissimilar FSW using the
adjustable tool, which offers new information to the scientific world. Further, the support of Prof. H. Fujii and
the group discussion enhance my understanding on different aspect s of research. I am thankful to Professor H.
Fujii for allowing me to express myself in his esteemed research group. Finally, I can say that I am fortunate

to be a part of the innovative researches at JWRI and the Japanese Society and Culture as well.
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