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Long pulse plasma discharge experiment has been carried out using an ion cyclotron
range of frequencies (ICRF) heating in LHD.  The pulse length was extended up to about 30
minutes.  The plasma was sustained mainly by an ICRF heating of 520 kW with assist of an
ECH of 100 kW and an NBI heating of 60 kW (average).  A total injected heating energy was
1.3 GJ.  A helium plasma with a hydrogen ion as a minority species was used for the ICRF
heating.  The magnetic field was 2.75 T and the wave frequency was 38.47 MHz.  The ion
cyclotron resonance layer was located at the saddle point of the magnetic field and a minority
heating was expected.  The line-averaged electron density was 0.8x1019m-3 and the ion and
electron temperatures were 1.5 to 2 keV.

One of the key factors to the success of the long pulse discharge was a scatter of of  the
heat load on the divertor plate.  Temperature increase of the divertor plate was reduced by the
swing of the magnetic axis inward and outward.  The position of the magnetic axis was swung
18.5 times between 3.67 m and 3.7 m during the longest plasma discharge.  An operation of the
ICRF heating system was improved for the long pulse experiment.  The temperature
measurement of the ICRF antenna was conducted by the IR camera.  The distance between the
antenna and the plasma was set to 12 cm for the steady state operation.  The impedance matching
system was improved for the long pulse operation, during which the reflected RF power
increased gradually.  Methods of the fine frequency change and the shift of the liquid level of the
liquid stub tuner were actually used.

The length of  the plasma discharge is limited by the plasma collapse.  Just before the
collapse of the plasma, the intensity of FeX signal increased abruptly and the electron
temperature decreased rapidly.  This abnormal plasma termination is often in connection with the
spark in the vacuum vessel, which is observed by the visible CCD camera.  It is necessary to
overcome the problem of the metallic impurity penetration into the plasma for the achievement of
the higher power and longer pulse experiment in future.


