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In the fusion reaction, light nuclei collides each other in high
speed and creates enormous energy. The fuels of the reaction are
deuterium and tritium. Tritium is created by lithium through reaction
with neutron in the fusion reactor. Since deuterium and lithium
are abundant in seawater, nuclear fusion can be the eternal energy
source if the reactor is realized. Toshiba has been participating in the
fusion development since the 1970 s when nuclear fusion research
started. Toshiba has the ability not only to provide vacuum vessel,
superconducting magnets, plasma heating devices, maintenance
robot, plasma diagnostic devices, etc. but also to integrate these
components into a harmonized system. Toshiba has been intensively
contributing to the ITER project that is the cooperative project
carried out by Japan, European Union and other five parties from
its early stage, Toshiba also has the experiences such as project
management, engineering, design and manufacturing, fabrication,
installation, test and inspection, maintenance in the three large
devices - JT-60 Tokamak, Large Helical Device, Tandem Mirror
GAMMA 10 - and in the middle or small sized plasma experimental
devices.

Posterior to the [TER construction and its operation, fusion research
and development enter the next stage in which the demonstration
reactor plant is built and energy is generated by the controlled
fusion reaction. Toshiba's intensive contribution continues to
realize the energy source devel that is indisg to the
sustainable prosperity of human beings,
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Toshiba is in charge of toroidal field coils, blanket remote handling system and neutron measurement system in |TER project.
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Sl L— B R ATIGEEEEAS D U BIREER Manufacturing technology such as precise coil winding followed by heat

i, ARMEM O H R RPN TR MR L. MIEE tr technology, thick plate welding technology in which laser and
HHTWNFET narrow bevel TIG welding are combined, measuring and machining

" technology for large-scale object, etc, were developed and applied to
product manufacturing.
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A toroidal field coil is the largest superconducting magnets in the
world so far. Its dimensions are 16.5m in height, 9m in width and about
300 ton in weight. It has the coil windings enclosed in the coil case for
reinforcement. The coil windings have the multi-layered structure that
consists of coil units in which D-shaped conductor winding is inserted in
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Remote handling maintenance system is the multi spindle controlled and
precise robot system in which an in-vessel component called blanket that
weighs 4.5 ton in maximum is exch d by the ipul A blanket
is carried by a vehicle along the rail that is deployed in the vacuum vessel.
In ITER, a remote handling system will be introduced for the first time in
the world in which a series of actions included in the blanket exchange
are carried out under the radioactive environment.

In addition, Toshiba is striving for solving the technical issues through
the trial manufacturing of the apparatuses for pipe cutting, re-welding,
positioning system by use of image processing and etc.
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The number of fusion neutrons is measured by a fission counter in
ITER through the inert gas ionization by fission fragments. The counter
manufactured by Toshiba operates stably under the circumstances of
electromagnetic force produced by fusion plasma fluctuations, high heat
flux, radioactivity and low residual gas pressure. As for LHD, neutron
measurement system with fission chamber, Boron-10 Helium-3 counters
has been developed and installed in the facility.
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In the project that is carried out as a joint project between
Japan and European Union in which transformation of JT-60 to
superconductive machine, we have completed the vacuum vessel
and its gravity support manufacturing, The whole assembly is
underway.

A torus vacuum vessel that is 10m in diameter, 6.6m in height
and 150ton in weight was divided into double-walled ten sectors
and each sector was manufactured in the factory. Appropriate
welding methods and their conditions were surveyed to suppress
weld distortion. In addition, manufacturing procedure including
weld distortion correction was devised to reach the demanded
product accuracy.

We have designed assembly procedure including jigs and tools
of all constituent parts such as superconducting magnets, thermal
shields, in-vessel components and etc. As for the vacuum vessel
sector assembly, distortion and position shift of each sector
welding was monitored by 3D laser measuring system and the
position of welded sectors was offset to reach the demanded
accuracy.

We have also designed and manufactured the power supply and
control system for long pulse operation of magnetic coils and
plasma heating device.
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Plasma Experimental Devices for Universities
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Based on the expertise ob d through the i in the
project of large scale plasma experimental devices and ITER, we
can contribute to realize nuclear fusion demonstration reactor in
which several tens of kilowatts or more steady-state and stable
electricity is produced.

In the R&D field of breeding blanket by which energy extraction
from fusion neutrons and fuel production, we are striving to
establish blanket system with high tritium breeding ration and
easier productivity under the higher surface heat load and nuclear
heating than ITER.

In the field of plant safety system establishment, we are
cooperating to set constraint conditions of designing
facilities based on the temperature and pressure evolution
obtained from thermo-hydraulic simulation for several types of
accident scenarios.
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Toshiba has abundant experiences of design, manufacturing,

fabrication and installation of tokamak, helical, mirror or other
magnetic confinement machines and related plasma heating
devices, power supply, control system, etc.

The LHD is the largest class helical devices in the world.

The WT-lll is a tokamak in which frontier experiment of current
drive by electromagnetic wave was carried out,

The GAMMA 10 is the largest tandem mirror machine in the world,

The QUEST is a spherical tokamak for plasma wall interaction
experiment under the steady-state ultra-long pulse plasma
production.

The RT-1 has a levitated high temperature superconducting
magnet in the vacuum vessel without supports to research
advanced plasma confinement mechanism,
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