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The main objective of our research is the development
of revolutionary and new material processing technolo-
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gies in grinding, lapping, polishing, cutting, and forming
for an extensive range of materials. Through advanced
research activities on ultraprecision, nanoprecision, and
ultra-smooth machining processes, required for the fabri-
cation of advanced functional devices such as optical and
electronic components, we launched the research of a new
field of micro-mechanical fabrication technologies in addi-
tion to surface functional modification, measurement and
evaluation techniques, aiming at a wide variety of mate-
rials, and precision and scale ranging from micrometer to
nanometer level, to meet practical and applied industrial
needs.

1. Nanoprecision mechanical fabrication pro-
cesses for micro-structural/functional devices

We promoted the development of peripheral devices for
control of the ELID grinding mechanism for ensuring ultra-
precision mirror finishing, extended the application range
of ELID grinding, and conducted analytical and system-
atic R&D into the effectiveness of ELID grinding. In terms
of actual research, we studied a variety of parameters for
achieving a fine surface finish in ductile mode, and suc-
ceeded in producing highly efficient, high-precision grind-
ing of the following hard, brittle materials:

0 SiC, CVD-SiC, and zerodur X-ray mirror materials

0 Sapphire as a heat filter material

O Crystal oscillators as device materials

0 Aluminum nitride as a semiconductor mounting sub-
strate and heat sink material

O MgF, for use in neutron material lenses

We verified the effectiveness of applying ELID grinding
to the high-grade grinding of the fiber-reinforced plastic
PEEK. We also devised a tape type foil electrode for ef-
ficiently cleaning the surface of ELID electrodes, and con-
firmed that electrolytic dressing properties equivalent to
those of a generally used copper electrode can be obtained.
We are currently extending the application of ELID grind-
ing in the development of dies for Wolter mirror presses, in
large-diameter mirrors intended for space telescope devel-
opment, and in neutron material lenses. To corroborate
IT-aided grinding technology that fuses together ultra-
precision ELID grinding and deformation simulations, we
conducted deformation forecasts of structures using grind-
ing resistance in rib-structure large-diameter SiC ceramic
mirror grinding, and were able to attain optimum higher
precision, more efficient grinding conditions.

Through detailed analysis using TEM or EDX we were
able to clarify a surface modifying function for giving the
surface of biomaterials (stainless steel, titanium alloys,
etc.) a stable oxide layer by electrochemical reaction in
the ELID processes.

We verified that the hardness of the topmost surface
layer of hard materials (carbide alloys or ceramics) in-
creases considerably, and demonstrated the effectiveness
of ELID grinding in improving the fatigue strength and
tribological properties of workpieces. We also conducted
tribological tests directly on surface oxide films using the
ELID grinding wheel itself as the test piece to shed light on
basic friction and wear properties in ELID grinding pro-
cesses. In addition, we proceeded with the development
of environmentally conscious ELID grinding processes to
meet the demand for production systems that are safe for
machine operators and gentle on the global environment.

During the year, we conducted tests and obtained fun-
damental results mainly in the following areas:

(1) Tool technology
(development of metal-free and carbon bond grinding
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wheels, and evaluation of basic grinding properties)
(2) Grinding fluid technology
(development of ethanolamine- and boron oxide
compound-free environmentally friendly grinding flu-
ids, and evaluation of basic grinding properties)
(3) Grinding environment
(expanded practical application of semi-dry ELID
grinding methods using mist supply)
(4) Waste fluid treatment technology
(recycling of grinding waste fluid by electrochemical
reaction-based water soluble ion removal)

We made positive efforts to host seminars and sym-
posiums with the intention of disseminating technical in-
formation and holding discussions in line with the research
system based around the ELID-Project. At the same time,
we were engaged in the building of a machining database
designed for standardizing ELID systems.

In addition, we worked to promote interchange with
research institutions in USA and Asia. As part of our
efforts to further promote the globalization of our business
we made positive efforts to further our activities in Europe,
mainly at research institutions in Germany.

With the advance of IT industry, demands for elec-
tronic and optical parts with higher quality and precision
and lower costs are growing stronger and stronger. The
same is the case with needs for grinding technologies that
are safe for humans to use and friendly to the environment.
To answer to these demands, we are currently studying
ways of recycling grinding fluid, ways of supplying grinding
fluid, and electrode technology in the aim to develop ELID
grinding techniques that are environmentally friendly and
can answer to the needs of the next generation. As one el-
emental technology of this environmentally friendly ELID
grinding technique, we developed a metal-free electrode-
conductive resin bonded wheel using carbon as the conduc-
tive material. We obtained the following results; (1) Elec-
trolytic dressing of the metal-free electro-conductive resin
bonded wheel was found to form an oxygen-rich layer on
the wheel surface. (2) Results of grinding mono-crystalline
silicon with the metal-free electro-conductive resin bonded
wheel was found to produce better surface quality than the
cast iron bonded wheel. We have been conducting stud-
ies to realize high quality ground surfaces of sapphire and
Ti alloy using fixed abrasive grinding methods applying
ELID.

In a micro-mechanical fabrication study, we conducted
investigations on germanium immersion gratings with mi-
cro structures, Fresnel optical elements, neutron lens (flan-
nel shape, prism) machining, glass ceramics grinding, etc.
As micro structure fabrication requires truing process
which can produce sharpness of below several microns at
the truing tip, we also carried out the fabrication of a tool
with sharp edges using plasma EDM. In addition, with the
aim of enhancing the efficiency of micro grooving, we devel-
oped a fully air static pressure non-contact driving device,
and successfully realized micro grooving of a wedge-shape
with a depth of 200 nano meters. We are currently devel-
oping a micro machining desktop machine and micro injec-
tion molding machine, reviewing ways of integrating these
machines, studying in process on-machine measurement,
methods and measurement/simulation softwares, and con-
ducting their evaluations.

2. Applications on micro-fabrication processes

New methods combining photo lithographic and ul-
traprecision mechanical fabrication techniques are being
studied. Through the fabrication of sensors and actuators
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utilizing those micro fabrication techniques, new devices
for biochemical analysis using mechanochemical effect and
electrospray deposition method are being developed and
their performances are tested. In order to commercialize
those analytical devices, Fuence Co., Ltd. was founded as
a RIKEN venture company.

In order to support development of optical elements and
specific devices, improvements and developments in several
types of on-machine measurement devices were conducted.
In the LTP (Long Trace Profiler) with which the slope error
of the large-scale X-ray mirrors can be measured precisely,
the optical system of the measuring head was improved in
order to measure not only flat or nearly flat surface but also
cylinder surface stably. About the contact probe for the
profile measurement, the redesign of the probe structure
and the software improvement in the data acquisition were
conducted in order to use the new high-resolution distance
sensor as the inside sensor of the probe.

3. Forming processes tribological investigations
under micro to nano-scale

The ability and precision of replicating surface microge-
ometry of tool to workpiece by the technology of plasticity
should be advanced to find a new field of application. It
was found that in coining process the precision is below
several nanometer at a local point and several of 10 nm
at an area of several micron square if the global sliding
is restricted. The quantitative evaluation of precision in
replication was enabled by the separate AFM measure-
ments of 3-D microgeometry of tool and workpiece. Sub-
sequent numerical processing in a computer to find a best
geometrical matching gives residual average spacing as a
measure of replication precision. The effect of foreign mi-
crosubstance on the replication was found to be serious
but the behaviour of soft and hard materials are quite
different. Soft microsubstance is compressed to increase
its projected area and leaves wide cavities after process-
ing and the resulting detachment. Hard microsubstance
is partly embedded in the workpiece to leave a projected
head. Clean room processing is required to escape com-
pletely from these problems though it is not common in
actual machine plant.

By using Atomic Force Microscope and Nano-indentor,
the effects of nano scale change of solid surfaces such as ad-
sorption and deformation on tribological phenomena such
as adhesion, friction, and wear, are investigated from three
viewpoints as follows;

(1) The effect of Environmental on microadhesion (pre-
sented in The 63th Autumn Meeting 2002 by JSAP, Nii-
gata, September 2002 and The 50th Spring Meeting 2003
by JSAP and Related Societies, Yokohama, March 2003).
(2) The observation of initial wear of Bearing steel by
Atomic Force Microscope (to be presented in JAST Tri-
bology Conference, Tokyo, May 2003.).

(3) Formation change of contact area melting bridge by
Dry/Wet (presented in JIASC2002, Kagoshima, August
2002.)

4. Computional mechanics of materials forming
processes

3-dimensional simulation codes of finite element
method (FEM) have been developed for metal forming pro-
cess, for stereo-lithography of resin by ultra violet ray and
for dynamic impact problem in a field of sport, which are
called by FDSolid-S, -R and D, respectively. Especially a
treatment of fracture of material has been developed in the
code. In addition, deformation theory of metal has been
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considered from dislocation theory, and a contact condition
and contact evaluation of two surfaces has been examined
numerically in replication of designed surface asperity in
nano-meter scale.

The manufacturing technology of sheet materials rel-
evant to weight reduction and safety measures of auto-
motive body parts and fundamental examination about
material development were carried out. The forming tech-
niques for suppression of springback for high strength steel
sheets and the prediction methods for springback behavior
were examined experimentally and theoretically as cooper-
ative research works with automobile and steel companies.
The formulation of deformation of materials for numerical
simulation was also examined. Developments of the test-
ing methods for spring back evaluation and formability of
hemming were performed, and those will be proposed as
JIS drafts.

Research Subjects and Members of Materials
Fabrication Laboratory

1. Nanoprecision mechanical fabrication processes for
micro-structural /functional devices
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