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Consequently, parallel conceptual designs of three RF H&CD systems, Ion
Cyclotron (IC), Electron Cyclotron (EC) and Lower Hybrid (LH), and of a (Negative
Ion) Neutral Beam Injection Systems, have been developed. The installed power per
port is 25 MW/port for EC and LH and 16 MW/port for IC. All systems are designed
for continuous operation.

The RF systems (reviewed in this paper) offer a range of complementary
features satisfying most ITER operational requirements. They will be used to access
the H-mode confinement in D-T ohmic plasmas and subsequently to increase the
plasma temperature to ignition values, to supplement alpha heating in finite Q driven
burn scenarios, to assist plasma start-up and shut-down and to maintain sufficient
plasma rotation to avoid locked modes and to stabilize resistive kink instabilities.

They will also provide on- and off-axis current drive functions to extend bum,
for local control of the plasma current profile, to stabilize resistive MHD instabilities
and magnetic islands and, ultimately, for steady state operation.

The design effort has initially focused on the in-vessel components, as these
are primarily exposed to the severe thermal, electro-mechanical and nuclear loads of
the ITER plasma, but it has been lately extended to most ex-vessel components,
auxiliaries and services.

In all systems, the launcher design incorporates a modular and replaceable port
plug assembly which includes the closure plate of the vacuum vessel port and all
primary windows, providing the torus vacuum and tritium boundaries. All plugs
feature an all-metal construction, do not extend ITER vacuum boundaries or layout,
fit within a standard remote handling transport cask, and are designed to be assembled
and disassembled within the hot-cell.

The plug assembly includes a mechanical structure linking the front end of the
launcher to the closure plate and a heavy nuclear shield which reduces the neutron
streaming to < 5 10^ n/cm^s and the activation dose to "hands on" values (< 100
uS/hr) at the primary closure plate, two weeks after shut-down. The front end of the
launcher and the transmission systems are diversified to fit the different launching
technologies.

The design of the EC system has evolved from an initial single-mirror concept
to a toroidally steerable mirror matrix design (7x8 elements, 20 ° steering, each row of
8 actuated individually) which provides improved beam control and more efficient
neutron shielding.

The IC launcher has evolved from an in-blanket to an in-port concept, at the
expense of a limited flexibility in k// and high voltage operation. The launcher is an
array of 2x4 current straps in a so called "double loop" configuration fed by coaxial
transmission lines and tuned at the two ends by a pair of adjustable pre-tuners.

The LH launcher is based on the concept of a Passive/Active Multijunction
(PAM) wave guide array, constructed by stacking in the toroidal direction thick
copper plates terminated at the plasma end by a short Be groove acting as a short-
circuited passive wave guide.

More general system design and interface issues have also been addressed in
each system. These include the definition of i) the layouts of the transmission systems
through ITER tokamak buildings, ii) the space arrangement for RF sources, power
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supplies and auxiliaries, iii) the requirements for auxiliaries and services, iv) operation
and maintenance related issues, such as control requirements, monitoring and data
acquisition functions and interface with the central control system (CODAC).

EC technology development during the EDA has been very successful in the
area of gyrotrons and dielectric windows . The EDA goal was the demonstration of a
170 GHz, CW, -50% efficient, 1 MW gyrotron, together with windows for use on the
torus and tube. The major tube performance characteristics have been achieved, albeit
not simultaneously in a single tube. Regarding the development of technology to
manufacture large diameter diamond disks, the material quality has been improved to
the point that 2 MW CW windows are theoretically feasible and a water cooled, single
disk, diamond window has been very rapidly developed and installed in test on a tube.

IC R&D during the EDA is focused on the validation of the IC array design,
on the demonstration of the design parameters and on the development of prototypes
for the most critical components. These include the vacuum pre-tuners, the
(transmission line) all metal supports, which avoid the use of ceramic materials within
the ITER primary vacuum and the (dielectric) vacuum window, complying with the
stringent reliability requirements of ITER vacuum and tritium boundaries.

ITER relevant Lower Hybrid technology developments have been performed
in the frame of the European base program and focus on the development of the LH
array components. The operation of the multi-mode hyperguide section and of the
associated TEoi,O3 converters has been demonstrated at 3.7 GHz and the electrical
performance of a full size model of a PAM assembly has been experimentally
evaluated in vacuum tests. Plans are presently being made for the installation in Tore
Supra of a prototype section of the ITER PAM array for intensive tests in long pulse
operation.


