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Strategic International Collaborative Research Program (SICORP)
Japan—V4 Joint Research Program
Executive Summary of Final Report

1. Project title : [Multi Scale Model of the Laser Dieless Drawing Process of Tubes from

Hardly Deformable Magnesium Alloys |

2. Research period : November 2015 ~ March 2019
3. Main participants :

Japan-side
Name Title Affiliation Role in the
research
project
Pl Tsuyoshi Associate | Institute of Industrial | Leader of
Furushima Prof. Science, The dieless
University of Tokyo | drawing
experiment
Collaborator | Naoki Mashiwa | Ms. Tokyo Metropolitan | Development
Student University of
experimental
apparatus
Collaborator | Yutaro Hirose Ms. Tokyo Metropolitan | Fundamental
Student University experiment
Collaborator | Peifua Du Ph.D The University of Microstructure
student Tokyo observation
Collaborator | Shusaku Technical | Institute of Industrial | Fabrication of
Furusawa Staff Science, The thinner tube
University of Tokyo
Total number of participants throughout the research period: 5
Poland-side
Name Title Affiliation Role in the
research
project
Pl Andrij Milenin Professor | AGH University of Leader of
Science and multi-scale
Technology simulation
Collaborator | Piotr Kustra Assistant | AGH University of Macro model
Professor | Science and
Technology
Collaborator | Marek Packo Assistant | AGH University of Micro model
Professor | Science and
Technology
Collaborator | Dorota Byrska- | Assistant | AGH University of Numerical
Wojcik Science and simulation &
Technology optimization
Total number of participants throughout the research period: 4
Czech-side
Name Title Affiliation Role in the
research
project
Pl Jiri Nemecek Associate | Czech Technical Leader of
Professor | University in micro
Prague evaluation
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Collaborator | Matej Leps Senior Czech Technical Optimization
researcher | University in
Prague

Total number of participants throughout the research period: 2

4. Summary of the international joint research

The aim of this study is to manufacturing the magnesium alloy thin and small-tubes with
difficult formability by development of multi-scale model with deformation, heat and
microstructure of laser dieless drawing process. Japan side conducted the experiment of the
laser dieless drawing. The Poland developed the multi-scale model of laser dieless drawing.
Czech evaluated the microscopic material characterization for input material properties for
micro model developed by Poland team. Through the collaborative research works, various
processing factors across dimensions from micro to macro in laser dieless drawing can be
optimized. Based on these results, the magnesium alloy thin and small-tubes with difficult
formability can be manufactured successfully by the optimized laser dieless drawing process.
The results of this research are expected to be applied to lightweight part for automobiles
and biodegradable materials for medical use.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Magnesium alloys has the highest specific strength and rigidity due to the lightest metal
in practical metals. In addition, the use of magnesium alloy hollow structure can realize further
weight reduction and high rigidity of structure part for automobiles and railways. The
magnesium alloy is known as excellent biodegradable metal and is expected as a mother
tube for medical stents. However, the problem of the use of magnesium alloy is their poor
deformability due to hcp crystal structure. Therefore, it is difficult to manufacture thin and
small magnesium alloy tubes with good mechanical properties. The aim of this study is to
develop the multi-scale model with coupled heat, deformation and microstructure of laser
dieless drawing process for manufacturing thin and small magnesium alloy tubes. Japan
team conducted the series of experiments of the laser dieless drawing. The Poland team
developed the multi-scale model of laser dieless drawing. Czech team evaluated the
microscopic material characterization using nano-indentation and component analysis for
input material properties for the micro model developed by Poland team. Through the
collaborative research works, various processing factors across dimensions from micro to
macro in laser dieless drawing can be optimized. Based on these results, the magnesium
alloy thin and small-tubes with outer diameter of 2mm and thickness of 0.2mm can be
manufactured successfully by the optimized laser dieless drawing process.

5-2 Synergistic effects of the joint research

This joint research is based on the Japan team with basic knowledge on laser dieless
drawing, the Poland team with excellent simulation technique based on plasticity theory and
optimization, Czech team with excellent micro mechanical characteristics. By bringing three
important factors of material forming of (1) processing (Japan), (2) theory (Poland) and (3)
evaluation (Czech), which are strong point of each country, the the magnesium alloy thin and
small-tubes can be manufactured successfully.

5-3 Scientific, industrial or societal impacts/effects of the outputs

The achievement of this joint research on the manufacturing magnesium alloy thin and
small tube by the laser dieless drawing is considered to be a foothold leading to the
development of a magnesium alloy biodegradable stent. In particular, if a magnesium stent
can be naturally absorbed, and eliminated in vivo without re-operation after healing, the
quality of life of patients can be greatly improved. The magnesium thin and small tubes for
high-quality stents can be produced more efficiently by the combination of dieless drawing
and conventional cold die drawing. Corroborated work with company is indispensable for
practical application of these, and we plan to aim for quick social implementation.
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