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2-5. Transfer Project
Introduction of the Transfer Project

Phase I research work in the Ultra Steel Project (STX-21) began in 1997 and extended over
a period of five years. This was followed by Phase II, which began on April 2002. In spite of a
number of noteworthy achievements in Phase I, society also expects some return on its investment
in the project, for example, by early development of practical applications for new materials and
new technologies which may be useful to society as whole. To respond to these requests, STX-21
launched a new initiative called the Transfer Project as a part of Phase II in order to encourage
industry-university cooperation in necessary basic research and applied technologies with the aim
of developing practical applications. The Transfer Project includes two pre-application research
topics (ultra fine grained steel, new welding wire) and two investigative research topics (high
nitrogen stainless steel, ultra fine grained nonferrous products), which are now being carried out.

To ensure efficient implementation of the Transfer Project, the Products Research Team
was newly established in August 2002 to perform liaison functions with business and research
centers.

Role of the Products Research Team

The Products Research Team, in close cooperation with the Technology Evolving Office,
actively promotes joint research with private-sector companies with the aim of developing
practical applications for materials and technologies developed in STX-21, and also assists
companies with patent strategies.

Private-sector Companies

Joint Research License Negotiation

Products Research Team Intellectual Property Office
Planning & management of
product commercialization
Management of research promotion (Fairs,
Programs
Research for Development of
practical application

Responsible for National Institute
of Materials Science (NIMS) as
whole Patent licenses, licensing
work, patent applications,

patent searches

corporate presentations, market
research). Establishment of strategies for
new business development

Establist of patent

*) For inquiries regarding joint research: Steel Research Center (SRC)
Yasuyuki Katada, Manager, Products Research Team

Promotes development of practical applications for product patents through joint research
with private-sector companies which possess both technologies and commitment.
Development of plans under which the Transfer Project promotes necessary basic
research and applied technologies through industry-university cooperation.

Fig. 1 Concept of product commercialization through cooperation between Products Research Team and
Intellectual Property Office
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A recent example of the activities of the Products Research Team, which has also been
reported in the news media, is the work of the STX-21 Society now being carried out by a joint
business involving metal processing companies in the Suwa region of central Japan and the Steel
Research Center (SRC). The Suwa region is the home of a group of technical experts and
engineers who are among the world’s leaders in the precision machinery industry. These same
persons have shown a keen interest in ultra fine grained steel and high nitrogen steel, which were
developed in the Ultra Steel Project, as important materials for ensuring even stronger
international competitiveness in the future. The Products Research Team intends to give its full
support to commercialization of related products, based on a joint research organization, as a
precedent for wide-ranging activities in the future.

Table 1 Organization of STX-21 Society

Chairperson: Yoshinori Watanabe (Yamato Co., Ltd)

Vice president: Fumito Takagi (Marushin Co.)

Audit: Masaaki Uematsu (Star Seiki Co., Ltd)

Processing committee Use development committee
The head of processing committee The head of use development committee
Takafumi Komatsu Masaaki Matsuzawa
(Komatsuseiki Kosakusho Co., Ltd) (Matsuichi Co., Ltd)

Supporting Organizations

The Nagano small-and-medium-sized-enterprises promotion public corporation
The Nagano precision-machinery-industry experiment station
The Nagano Suwa local office
Suwa City SHINHOUKOKU Steel
The SUWA Chamber of Commerce Industry
Suwa industrial Messe 2004 executive committee

e The STX-21 Society consists of a Processing Committee and Application Development
Committee.

Examples of Research for Commercialization of Ultra Steel Products
(1) Ultra fine grained steel rods

Application of the warm, multidirectional processing method developed as a result of
STX-21 Project research makes it possible to manufacture steel rods with a cross section of 18 x
18 mm and length of 20 m using the grooved-roll rolling mills which are available as existing
equipment in the private sector. Among mechanical properties, these rods possess tensile strength
exceeding 800MPa, as shown in Fig. 2, and have double the strength of SM490 steel with an
average ferrite grain size of 20pm, with the same chemical composition. "
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[1] A.Ohmori, S.Torizuka and K.Nagai, CAMP-ISIJ, 14(2001), pp.1050.
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1) Ultra fine grained machine screw

Screws are generally manufactured from steel wire rod material by header forming and
cutting or rolling as forming processes, followed by hardening and tempering as thermal refining
(heat treatment) processes. However, one major drawback of this manufacturing method is the
expensive, time-consuming hardening/tempering process. A technology which makes it possible
to manufacture screws without heat treatment, thus eliminating these heat treatment processes,
would increase productivity substantially, and would therefore be extremely advantageous from
the industrial viewpoint.

Recently, it has become possible to manufacture some screws with tensile strengths up to
800MPa using as-rolled material, omitting the conventional heat treatment processes. In order to
manufacture high strength screws with as-rolled material, it is necessary to increase the strength
of the material itself, which means that alloying elements such as Cr, Ti, Nb, B, or others must be
added to the material. However, this is not necessarily a desirable method, because these alloying
elements reduce the toughness of the screw.

Ultra fine grained steel possesses high strength simultaneously with high toughness, as
shown Fig. 2, in spite of the fact that it is a single-phase material. Thus, it is considered a suitable
material for high strength screws. Fig. 3 shows a photograph of an M1.6 screw manufactured
using ultra fine grained steel material. This screw was manufactured by header forming and
rolling, and was produced based on joint development with Koya Giken Co., Ltd. The hardness of
the screw core is Hv = 260, and its tensile strength is 800MPa.

It is also considered possible to apply ultra fine grained steel to various other cold rolled
products, in addition to screws.

1000 T T T
Ukrafine—grianed steel Gwarm rolled) |

|
rS=770MFa

Conventional steel

400 ,._/:{ ,,,,,,,,, TE=330MP \\

3

Strass (MPa)

0 01 0.z 0.3 0.4

Strain

Fig. 2 Stress-strain curves of ultra fine Fig.3 Screw manufactured from
grained steel (0.6pm) and carbon steel 10pm [1] ultra fine grained steel (M1.6)

[1T A. Ohmori, S. Torizuka and K. Nagai, CAMP-ISIJ, 14(2001), pp. 1050.
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(2) High nitrogen steel (HNS)
1) Material development

“Development of anti-sea water corrosion stainless steel” was adopted as one topic in the
Ultra Steel Project (STX-21). The guiding principle for the development of this new material was
to realize improved corrosion resistance without extreme increases in the allowing elements Cr,
Ni, and Mo by 1wt% nitrogen enrichment, in combination with high purification of the material
by deoxidation treatment, with the aim of developing a prototype super-stainless grade
resource-saving type anti-sea water corrosion stainless steel. In this project, the first nitrogen gas
pressurized ESR (electro-slag remelting) device in Japan was developed as equipment for
simultaneously achieving nitrogen enrichment and high purification of the material, and was used
successfully in test-melting high nitrogen steel (HNS) without added Mn, which is a cause of
impurities. The alloy system was Fe-23%Cr-4%Ni-2%Mo, and the oxygen content was set at 20
ppm or less in order to reduce impurity elements as less as possible.

The corrosion resistance of the newly developed steel is shown in Fig. 4. The results of a
crevice corrosion test in artificial seawater showed that absolutely no crevice corrosion occurs in
materials with high nitrogen contents. Moreover, no crevice corrosion was observed in this steel
in a field test conducted in the sea over a six month period, demonstrating that the steel possesses
excellent corrosion resistance in chloride solutions.

Fig. 5 shows the elongation and tensile strength of 23%Cr high nitrogen steel with solution
treatment, in comparison with data for conventional materials in the literature. From this figure, it
can be understood that the elongation of austenite single-phase stainless steel is basically similar
to that of SUS304, and materials with tensile strengths on the order of 1000-1200MPa can be
obtained. Thus, these high nitrogen steels are outstanding materials not only in terms of corrosion
resistance, but also in terms of strength.

In addition, this development work also demonstrated the possibility of creating nickel-free
stainless steels using the newly developed manufacturing technology.

1 100
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2) Expected applications of HNS

Because alloying as a 100% nickel-free stainless
steel is also possible, these HNS are also expected to
find use as anti-nickel allergy materials in medical and
bio applications. At present, potential applications as a
high strength, high corrosion resistance material are
being studied in a wide range of fields, including
off-shore structures, chemical plants, machinery and
transportation equipment, bio applications, and others.

Fig. 6 Example of  hip-joint stem
made by Ni-freeHNS

ol

(3) New welding materials
1) Concept of new welding materials
Generally, tensile residual stress occurs at the weld joints using conventional welding
materials. The fatigue strength of weld joints is reduced by this tensile residual stress. In order to
improve fatigue strength of weld joints, new welding materials have been developed. These new
welding materials can remove residual stress from weld joints without using conventional
preheating procedure. High safety welding structures which have high strength are made using
these materials.
2) Low Transformation-Temperature Welding Wire and Electrode
Low Transformation-Temperature Welding materials (LTTW) which can control the
expansion of weld metal have been developed. The expansion by martensite transformation at
room temperature decreases tensile residual stress and furthermore induces compressive residual
stress into welds. As a result, fatigue strength of weld joints improved more than two times shown
in Fig. 7.
The cold cracking does not occurs, although the strength of weld metal is higher than
1000MPa. The preheating procedure is not necessary. These welding materials shown in Fig. 8
are planning to sales.
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Fig. 7 Improvement of fatigue strength by LTTW
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(a)Welding wire (b) Electrode for repair welding

Fig. 8 Developed new welding materials

3) Future development of LTTW
We apply these welding materials to the welding of additional strength parts such as the
automobile foot circumference part, bridges and the construction machine and repair welding. We
develop the welding technology that is able to produce the safe welding structure that is obtained
by a high strength joint.

(4) Creation of ultra high-strength steel bolt
1) Material development
This project aims to fabricate 1800 MPa plus class ultra high-strength steel bolts which
overcome delayed fracture and to propose new design of steel constructions using ultra
high-strength bolted joints.
(Note: The targeted strength level has been updated to a much higher strength limit than the 1100
MPa of conventional bolts.)

2) Ultra high-strength steel bolt

(1) 1800 MPa class prototype steel having high resistance to hydrogen embrittlement was
developed by a simple alloy design for recyclability and a simple heat treatment that was of
quenching and tempering (Fig. 9).

0.6C-2Si-1Cr-1Mo steel

high temperature tempering and utilizing hydrogen trapping
(2) The prototype steel was successfully fabricated to M22 bolt by hot head forming and
cold thread forming (Fig. 10).

3) The future of ultra high-strength steel bolt
We are trying a way of new steel constructions without site welding but with shop welding
and site joining with ultra high-strength bolts.
Furthermore, the aim of our project is to raise fundamental conversion of philosophy of
design through 2000 MPa class high strength steel bolts and build up a model of steel
construction as our country’s own technology being ahead of the world.
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Fig.9 Overcoming of delayed fracture
by nano-size precipitations
(1800MPa steel)

Fig.10 Forming process of ultra-high
strength steel bolts by prototype steel
(1800MPa steel)

(1) Material for bolt

(2) Hot head forming

(3) Cold thread forming

Method of Promoting Product Research

Based on the slogan “the meaning of a material is in its use,” pre-application basic research
is being carried out on plastic workability, fracture toughness, wear resistance, machinability, cost,
and other necessary properties through joint research with business, with the goal of
commercializing actual ultra steel products. However, ultra steel products cannot be
commercialized simply by investigating topics; product applications must also be developed. To
this end, product research, including market research on new products, is being carried out in
cooperation with the Intellectual Property Office.

Public Relations Activities
The National Institute of Materials Science has posted a home page which describes the

background and concept of the Transfer Project.
http://www.nims.go.jp/trp/
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2-6. Special Coordination Funds for Promoting Science and Technology
“Application Project of UFG Steel Sheet to Automobile”
Introduction

NIMS started the “Application of Ultra-Fine Grained Steel Sheet to Automobile” project in
August 2002. This project was selected as one of the research projects which entitled “Effective
Promotion of Joint Research with Industry, Academia, and Government” supported by the
“Special Coordination Funds for Promoting Science and Technology” of the Ministry of
Education, Culture, Sports, Science and Technology. During three research years till March 2005,
three private companies of steel maker (Nakayama Steel Works, LTD), heavy industry (Kawasaki
Heavy Industries, LTD), and car maker (Honda R&D Co., LTD) will collaborate with NIMS for
the aim of developing high-strength steel parts.

UFG steel is a high-strength material, which does not contain precious alloying elements but
is strengthened by microstructure control; grain refinement. From the viewpoint of recycling
and environmental issues, UFG steel is thus fascinating and its application to practical parts is
anticipated in various fields including automobiles. However, high-strength steel sheets with
strength levels over 800MPa, such as Dual Phase steel and TRIP steel, have been intensively
investigated for automobiles. One of important issues for practical application of UFG steel is
thus to find and make clear more merits that are superior to Dual Phase steel and TRIP steel.
Weldabilty and toughness of UFG steel have been well investigated and good properties of them
are widely accepted. In this application project, particular attention will be paid on formability
and high-speed deformation properties. Another important issue is collaboration of private
companies in automotive industry. Joint research with three private companies described above is

the key of this application project.

Fundamental results and various

NIMS

Seeds, Mechanism
Fundamental Research
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Development of High-Strength Steel Parts
UFG steel sheet with 2pum grain size

seeds for UFG steel have been attained in
the first period of the Ultra Steel Project
(STX-21; 1997-2002). With these results /

and seeds, we aim to fabricate UFG steel ‘

sheet with 2pm grain size and apply it to

]

automotive parts. We hope that our

research works result in increasing
demand of UFG steels and further

evolution of basic research for UFG

Steel Maker Parts Maker Car Maker

Advanced
Technology for
Hydroforming

Advanced
Technology for
Safety Evaluation

Advanced
Technology for

materials. UFG Steel
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