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H-1 Heliac to be upgraded to a
national facility

On the 6th of December 1995, the Australian Prime
Minister, Paul Keating, announced a grant of AU$8.7M
to upgrade the H-1 Heliac at the Australian National
University (ANU) in Canberrato a“major national
research facility” to be called H-1NF.

This announcement was part of a AU$428M science
innovation package “Innovate Australia” which is
described in more detail on the following World Wide
Web page:

http://www.das.gov.au/~dist/events/innovate/r1.html

“Innovate Australia”’ includes the funding of seven
facilities for atotal of AU$62M, and is the result of the
first formal round of applications for national research
facility funding, for which more than 60 expressions of

The H-1 Team celebrating the grant that was received
from the Australian government to upgrade the
machine.
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interest were received. Previously, national facilitiesin
Australia were funded on a case-by-case basis when the
need or opportunity arose. Plasma physicists were
delighted by the recognition of their work and by the
opportunity to take their research to the leading edge of
advanced magnetic confinement systems. Science pol-
icy commentators were encouraged that the government
considered the science innovation statement to be of
sufficient importance that the Prime Minister should be
directly involved, along with the Science Minister,
Senator Peter Cook.

The major national research facility grant will turn the
H-1 Heliac fusion plasma physics experiment at the
Australian National University into afusion research
facility of truly international importance for scientistsin
the Australian Fusion Research Group (AFRG) and
from overseas. The AFRG is a consortium of scientists
currently working in research associated with high-
temperature plasma physics in six universities (Univer-
sity of Canberra, University of New England, Central
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Queensland University, Flinders University, University
of Sydney, and Research School of Physical Sciences
and Engineering at the ANU). The consortium is asso-
ciated with the Australian Institute of Nuclear Science
and Engineering (AINSE). The AFRG recognizes that a
fusion experiment of international standing, such as an
upgraded H-1 Heliac facility, would be the focus of
innovative plasma physics research in awide range of
areas, in addition to fusion-oriented plasma physics,
such as spectroscopy, laser and optical diagnostics,
real-time data processing, nonlinear dynamics, and
computational physics.

International collaboration will be an important aspect
of the operation as a national facility and is facilitated
by the IEA Implementing Agreement on Stellarator
Research. Collaboration under an ANU-NIFS (National
Institute of Fusion Science, Japan) agreement is well
under way after visitsin both directionsin late 1995.

In the national facility upgrade, electron and ion heat-
ing systems will be added; the laboratory and some of
the other systems will be upgraded to improve perform-
ance so as to reach more fusion-relevant plasma condi-
tions. The upgrade, using the original coil set, will also
increase the machine availability and reliability to
accommaodate collaborating groups efficiently. The
budget for the purchase and installation of the follow-
ing equipment was proposed to be spread over three
years, starting as soon as practicable. The three largest
items, two heating systems and the magnet supply and
line, each account for about 25% of the budget.

The primary enhancements will be

0 1-MW electron cyclotron heating (ECH) gyrotron
source for heating plasma to highest temperatures
(~1 keV) and lowest collisionality.

1-MW radiofrequency source for obtaining highest

plasma pressure beta > 2% and allowing nonreso-

nant heating for magnetic field scans.

O A new primary power line, switching, and a trans-
former will feed 10-MW magnet power supplies to
allow reliable operation at high magnetic fields at a
reasonable repetition rate (1 minute), unlimited by
the magnetic configuration or by external factors
such as grid load.

Also included are vacuum system enhancements and

cryopump, lasers, and millimeter wave sources for

plasma diagnostics and modifications to the machine
hall. The data system will be enhanced, and the net-
work interface upgraded to allow collaboration (remote
analysis and some remote control) directly from remote
sites around Australia and, to alimited extent, from
overseas.

Boyd Blackwell for the H-1 group and the AFRG
E-Mail: bdb112@rsphy3.anu.edu.au

LID experiments in CHS

A series of local island divertor (L1D) experiments has
just started that intends to demonstrate the principle of
the LID on the Compact Helical System (CHS) in
Nagoya, Japan.

Control of the edge plasma is one of the key research
issues for the Large Helical Device (LHD), whichisa
superconducting heliotron-type device under construc-
tion at the National Institute for Fusion Studies (NIFS)
in Toki, Japan. We plan to usethe LID on LHD, prior
to installing a closed full helical divertor.

TheLID isadivertor that uses an m/n = 1/1 island,
formed in the edge region. The advantage of the LID
over the closed full helical divertor is the technical ease
of hydrogen pumping because the hydrogen recycling
is toroidally localized. However, the L1D functions
have not been studied and verified experimentally.

For the CHS experiment, 16 small perturbation coils
are used to form an m/n = /1 island. When a resonant
perturbation field generated by two pairs of perturba-
tion coils located just above and below the CHS vessel
is added to the standard CHS magnetic configuration,
an m/n = 1/1 island appears at thet = 1 surface, together
with m/n = 2/1 islands, which appear because of the tor-
oidal coupling at thet = 0.5 surface. The m/n = 2/1
islands, however, can be almost completely eliminated
by a proper arrangement of the perturbation coil cur-
rents. The outward heat and particle fluxes crossing the
island separatrix flow along the field lines to the back
side of the island, where carbon target plates 10 mm
thick, are placed on a divertor head. The particles recy-
cled there are pumped out by a cryogenic pump with
pumping speed of 21,000 L/s.

The geometrical shapes of the divertor head and pump-
ing duct are designed to form a closed divertor configu-
ration with high pumping efficiency. Unlike conven-
tional pump limiters, the leading edges of the divertor
head (which consists of carbon target plates) are situ-
ated inside the island, thereby being protected from the
high outward heat flux from the core.

Formation of an m/n = 1/1 island was demonstrated
experimentally by a mapping technique of the magnetic
surface. We adopted the fluorescent method, which
uses an electron gun with a tungsten filament and a
fluorescent mesh that emits light when the electrons
strike the mesh. From the distribution of the electron
striking points on the mesh, observed by a CCD TV
camera, the geometry of the flux surface was identified.
By varying the radial position of the electron gun, we
obtained the information on the whole flux surface
structure including an m/n = 1/1 island whose
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Fig. 1. Comparisons of line-integrated electron density
and OV radiation intensity between discharges with (solid
line) and without (dotted line) the perturbation field. The
time seailence of nas niiffina is also shown in the fiaure.

maximum width is about 4 cm. The observed island
structure is consistent with the theoretical prediction.

CHS was operated with atoroidal magnetic field of 0.9
T and a magnetic axis position Ry = 99.5 cm. When Ry
> 97.4 cm, thet = 1 flux surface is well inside the vac-
uum vessel wall. The plasmawas initially produced by
ion cyclotron resonant frequency (ICRF) or by second
harmonic electron cyclotron resonant heating (ECRH)
and heated by the tangential neutral bean injection
(NBI) with 0.82 MW at 38 keV. The temperature pro-
file on the carbon plates was measured by an infra-red
TV camera and shows that the position of the maxi-
mum temperature rise changes as the position of the
divertor head is changed and that it is situated about 1
cm away from the leading edge when the leading edge
iswell inside the island. This finding suggests that
there is no leading-edge problem, as expected. The
maximum temperature rise on the carbon plates during
the discharge was observed to be about 5°C. With the
divertor head in aright position and the perturbation
field on, the neutral particle pressure in the plenum,
measured by an ASDEX style fast-ion gauge, becomes
afactor of 1.5-2 higher than in the case without the
perturbation field. The LID experiment has been done
under a collaboration with Oak Ridge National Labora-
tory (ORNL) from its beginning. ORNL staff have
made significant contributions to the neutral pressure
measurement using the fast-ion gauge.

The H,, radiation intensity behind the divertor head,
monitored by a CCD TV camera with an optical filter,
behaves similarly to the neutral pressure. Furthermore,
the Langmuir probe measurement showed that the ion
saturation current measured behind the divertor head

becomes higher by afactor of 1.5-2 with the perturba-
tion field on, than without the perturbation field. These
results clearly demonstrate that the particle flow is
indeed guided to the back side of the divertor head by
the island magnetic field structure, the fundamental
function of this type of divertor.

The plasma parameters are found to change when the
island is formed. With the perturbation field on and at a
fixed level of gas puffing, the line-average electron
density and the OV radiation intensity decrease, com-
pared with those without the perturbation field, as
shown in Fig. 1. The stored energy measured with a
diamagnetic loop is kept almost constant under this
condition, which is accompanied by an increase in the
electron temperature measured by the Y AG Thomson
scattering system. A comparison of the stored energy
was made between the discharges with and without the
perturbation field at fixed line-average density. We
found that the stored energies in the discharges with the
perturbation field are about 20% higher than those
without the perturbation field, indicating a modest
improvement of the energy confinement.

The experimental data described here are still prelimi-
nary, and further experimental study is needed. But the
results so far are encouraging in terms of the effective-
ness of the LID. The LID experiment will be continued
until the end of March 1996.

To close, we would like to describe the status of the
LID construction for the LHD. The National Diet
passed the bill for the second supplementary budget at
the end of October 1995, and a capital budget was
approved to construct the L1D system for the LHD. In
this fiscal year, we will fabricate 20 copper coils that
generate resonant perturbation fields and 3 electric
power supplies that provide the electric currents into
the coils. The coils will be installed around all upper
and lower ports of the LHD cryostat to generate a maxi-
mum magnetic field of about 30 gauss on the equatorial
plane. With these coils, an island with a full width of
about 15 cm can be maintained in a steady-state dis-
charge with atoroidal magnetic field of 3 T. The three
electric power supplies are designed to eliminate other
unnecessary islands (which are usually formed by toroi-
dal coupling) by a proper arrangement of coil currents.
For pulsed operations, a factor of 1.4 wider island can
be created. This system can also be used to eliminate
the natural islands, which may be produced by error
fields, for example, due to a small misalignment of the
helical or poloidal coils and ferromagnetic material
located near the LHD.

A. Komori and the LID Team National Institute for Fusion Science
Nagoya 464-01, Japan
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lon heat transport in W7-AS
in the Imfp regime

In the W7-AS experiment, access to the ion long mean
free path (Imfp) regime turned out to be a serious prob-
lem even at high heating power. Central ion tempera-
tures were restricted to about 1 keV [1]. Electrons can
be raised to temperatures up to 3 keV using electron
cyclotron resonant heating (ECRH). ECRH thus pro-
vides access to the deep Imfp regime for the electrons.
However, to achieve the Imfp regime for ions, neutral
beam injection (NBI) heating has to be used to provide
direct ion heating in order to obtain the necessary high
ion temperatures. Unfortunately, discharges with high-
power NBI heating lead to high densities, and so the
temperatures generally stay low. Substantial additional
ECRH power was mandatory to obtain density control
and stationary conditions in this case [2]. This result
can be explained by a particle diffusivity D, which
scales roughly as D « P/n at the plasma edge.

Recently, access to the ion Imfp regime was obtained
using substantial NBI heating at fairly low additional
ECRH power with stationary conditions at densities of
about 5 x 10" cm™3. Very good wall conditions are
essential to ensure recycling control under these condi-
tions. At still lower densities, the NB heating efficiency
degrades.
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Neoclassical transport

In the following, we discuss the barrier to obtaining
high ion temperatures within the framework of neoclas-
sical theory. For the flat or even slightly hollow density
profiles characteristic of stellarators, rather small radial
electric fields E; are expected. Only in the density gra-
dient region are significant values E; < 0 predicted.
These neoclassical predictions based on the ambipolar-
ity condition of the particle fluxes are reasonably well
confirmed by active charge-exchange recombination
spectroscopy (CXRS) measurements [3]. Starting from
the plateau collisionality regime, where the ion heat
flux scales as Q « T;*?, the adjacent 1/v regime with the
scaling Q; « T;%2 at very small E; represents the barrier
to obtaining higher ion temperatures and thus lower
collisionalities, v* =

VR o« n/T2, at fixed density (see the right part of
Fig. 1). With increasing negative E,, access to the so-
called Vv regimewith Q « T;¥2is obtained [4]. The
“tokamak-like" v regime with Q; « T;¥? applies for very
low v* only (left part of Fig. 1). In the intermediate
Imfp regime, where the neoclassical electron heat trans-
port coefficients are less than the ion ones, the feature
of the “electron root” [5] with rather strong E; > 0, for
which the neoclassical electron transport coefficients
are significantly decreased, does not appear, and the
electrons stay in the 1/v regime.

Neoclassical transport estimates for the complex 3D
magnetic field topology of W7-AS are based on a
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Fig. 1. Neoclassical electron and ion heat diffusivities (diag'onal term in the transport matrix) for an improved W7-AS
configuration (r = 10 cm, B, = 2.5 T, B, = 200 G) with the radial electric field as parameter. On the left: versus the col-
lisionality v* for fixed temperature (1 keV) and with E, = 1 V/cm (solid lines), 3 V/cm (dashed lines), 10 V/cm (dotted
lines), and 30 V/cm (dot-dashed lines). v* for typical parameters (T. = T; = 1 keV, n. # 5 X 10" cm™®) is marked by
dashed vertical lines. On the right: yi,ye versus temperature for fixed density (i.e., v* increases to the left) and E, < T

(the values given in the left figure apply for T =1 keV).




database of DKES calculations. The DKES code [6]
solves the monoenergetic drift-kinetic equation for gen-
eral Fourier spectra of B on each flux surface, depend-
ing on the collisionality and radial electric field. To
reduce the amount of DKES computations, numerical
fits of the mono-energetic diffusion coefficients to the
DKES results in the different collisionality regimes,
where the functional dependence of these coefficientsis
equivalent to those of traditional analytic theory, have
been developed [4]. This technique leads to a very good
representation of the neo-classical transport properties
for the different W7-AS configurations and is rather
efficient for the energy convolution to calculate the
thermal 2 x 2 transport matrix.

For low t = 1/3, where the higher harmonicsin the
B-Fourier spectrum are less pronounced than for t ~ 1/2,

two different concepts for neoclassically improved con-
figurations have been analyzed [7]: (1) the inward shift
of the plasma column by applying a vertical field simi-
lar to that in torsatrons and (2) the application of alocal
increase of the magnetic field strength in the region of
strong toroidal curvature (elliptical plasma cross-
section), shifting a significant portion of the ripple-
trapped particles to the straighter part of the magnetic
axis (with the triangular plasma cross-section). For both
optimized configurations a transport improvement by a
factor of about 2 was found in the 1/v regime with
respect to the standard configuration in the DKES cal-
culations. Thisimprovement holds also for small E; in
the \v regime [4].

o 3t

L LI A

20
[em]

w7—as3z2
analytic |

LI B S

20
[em]

20

20
[em] [em]

Fig. 2. Profiles, transport analysis, and neoclassical predictions for a stationary discharge with combined ECRH and

NB heating (B, = 2.5 T, B, = 260 G).

Upper row: electron (solid line, full dots from Thomson) and ion temperatures (dashed line, open squares from CX)
on the left; electron density (from Thomson) in the center; and the calculated ambipolar radial electric field E; on the

right.

Lower row: ambipolar neoclassical particle flux on the left; ion heat flux Q; (neoclassical prediction: dashed line, from
power balance: dot-dashed line) in the center; and electron heat flux Q. (neoclassical prediction: solid line, from

power balance: dot-dashed line) on the right.




Combined ECRH and NB heating experiments

In the last experimental campaign, rather high vertical
fields (B, = 200260 G at 2.5 T) had to be used to con-
trol the plasma radius because of the removed upper
and lower rail limiters. This situation resulted in one of
the above mentioned transport-reduced magnetic field
configurations [1], where with T;(0) up to 1.6 keV at
ne(0) = 5 x 10% cm™, the highest ion temperatures have
been obtained so far.

In Fig. 2, measured profiles for such a discharge are
shown together with the results of the transport analysis
and the neoclassical predictions. The discharge was
heated by 400-kW ECRH and by three NB sources with
co-injection. The powers absorbed by electrons and
ions are about 650 kW and 600 kW, respectively. The
FAFNER code Monte Carlo calculations indicate a
fairly peaked ion heating profile with about 2/3 of the
NB power being absorbed by the ions bacause of the
rather high electron temperatures (T¢(0) = 1.8 keV).
With counter-injection, the global NB heating effi-
ciency isreduced, and aflat ion heating profile is

Feft

Fig. 3. Electron (from Thomson scattering, upper plot)
and ion (from CX diagnostic, lower plot) temperature
profiles for a NB heating power scan (B, =2.5T, B, =
260 G). Solid lines: 400 kW ECRH and 1 NB source;
dashed lines: 700 kW ECRH and 2 NB sources; dotted
lines: 400 kw ECRH and 3 NB sources (same dis-
charge as in Fig.2).

predicted. lon temperature data from the active CX
diagnostic are available for r <13 cm only, and so the
transport analysis (Fig. 2) isrestricted to this range. The
ion heat flux Q" only slightly exceeds the experimen-
tal value from the power balance. For these experiments
with H injection into a D* target plasma, a rather high
ratio of H* to D* (roughly 1:1) isindicated. The Q"™
given is estimated on the assumption of pure H*, and
Q" turned out to be about 20% higher for D*. Some
additional uncertainty isintroduced in the neoclassical
prediction because DKES results for B, = 200 G are
used instead of the 260 G in the experiments; further-
more, the monoenergetic transport coefficientsin the \v
regime are scaled by an improvement factor of 2 (see
the first section) with respect to the standard configura-
tion (B, = 0). With these restrictions, fairly good agree-
ment of the neoclassical ion heat flux, where E; from
the ambipolarity condition is included, with the experi-
mental power balance is found. The electron heat flux
estimated from the power balance exceeds the neoclas-
sical prediction by afactor of up to 2. However, some
uncertainty is introduced by the smoothed T profile,
which is used for the neoclassical predictions, in the
region of the ECRH power deposition expected slightly
off axis at about 4 cm because of the Shafranov shift.

The neoclassical particle flux, 1™ = I'."™®, is roughly
consistent with the beam fueling rate in the region of
the flat density profile, r <10 cm. In thisinner region,
fairly small E; values of up to 40 V/cm are predicted
(Fig. 2), and the ambipolar particle flux is mainly
driven by the off-diagonal term (« vT) in the transport
matrix. Nevertheless, these electric fields are sufficient
to reduce the neoclassical ion heat transport by more
than an order of magnitude (see Fig. 1). They allow
access to the \v regime and thus to high T; values. The
strong density gradient at r > 11 cm drives the E,
strongly negative. Here, the particle sources due to
recycling become dominant (almost no external gas
puffing was necessary to maintain the discharge).

Later in this discharge the ECRH was completely
switched off. No fully stationary conditions could be
obtained because the line-averaged density was slightly
increasing. About 40 ms after ECRH switch-off, T; was
nearly unchanged, whereas T¢(0) was decreased by 500
eV (T, > Te). The transport analysis leads to similar
conclusions; i.e., fairly good agreement of the neoclas-
sical predictions with the power balance is found. In
Fig. 3, the electron and ion temperatures are shown for
an NB power scan with 1 to 3 co-sources (about 250 to
300 kW of heating power each), where the density pro-
files are similar to that of Fig. 2. The ion heating by the
NB's is dominant, the collisional power transfer Pq
being of minor importance. Even in the scenario with
700-kW ECRH and 2 NB sources, where the central Te
significantly exceeds T, Ps intheregionr <12 cmis




well below 100 kW. The analysis of the ion heat flux
from the power balance at r = 10 cm (where the density
gradients vanish) leads to a temperature dependence of
about Q o T;32 in agreement with the \y regime scal-
ing. With all uncertainties taken into account, access to
the Imfp regime with improved neoclassical confine-
ment is directly confirmed.

First experiments with a slightly transport-enhanced
magnetic configuration in W7-AS do not allow such
clear conclusions. By increasing the current in the large
special coils located in the region of strong toroidal cur-
vature with respect to the other MF coils system by
30%, higher losses are indicated by the “bounce-
averaging” of the vB drift on flux surfaces [7] than with
the transport-reduced configurations of the first section.
Indeed, both the electron and ion temperatures were
reduced by about 15% in the experiments. However,
the average magnetic field is also 7% smaller for this
configuration, and the neoclassical transport coeffi-
cients scale as B Asthe DKES database and exact NB
heating profiles for this configuration are not available
at present, changes in the neoclassical heat flux due to
the modified magnetic field configuration cannot be
discriminated sufficiently well against changes due to
Qi o8 TiSIZ/BZ.
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Status of the
Large Helical Device (LHD) project

Status of LHD construction at Toki

575 out of 900 turns of the superconducting helical coil
have been completed. The winding accuracy is quite
good, namely within 2 mm. Winding of the lower
outer vertical field coil has been completed, and wind-
ing of the upper coil has commenced. Recently, the
LHD vacuum pumping system was ordered from indus-
try, and delivery is expected next March.

Progress of superconducting coil fabrication
and research on cryogenics and applied
superconductivity

Performance of the helical coil winding machine

A computer-controlled helical coil winding machine
has been developed for the LHD project that signifi-
cantly reduces the technical difficulties of winding the
helical coil. The winding machine primarily consists of
conductor shaping and supply devices, ten up-down
supports, a center stage, a working floor, and a set of
numerical control units.

The conductor is bent and twisted by the shaping and
supply devices. Driving axes for the winding machine
are numerically controlled because the helical coils pos-
sess a complicated three-dimensional structure.

Table 1. Major Specifications of the winding machine

10

<0.82

<0.69
<1200

13

22.0 m x 23.3
12.4

<320

<180

Precision of shaping (%)
Plastic strain (%)

(bending)
(torsion)
Length of a conductor (m)

Number of NC axes

Size of working room (m)

Height of clean room (m)

Work weight (ton)

Load on a up-down support (ton)

Mass production of helical coil conductors

The helical coil conductor, afully cryostable NbTi
superconductor with aluminum stabilizer, has been
developed to satisfy the requirements 13 kA at 7 T and
4.4°K. Itisaso possibleto generate 4 T at 1.8°K in
Phase |1 with superfluid helium.

The conductor consists of 15 NbTi superconducting
strands, aluminum stabilizer covered with a cupro-
nickel sheath, which are enclosed in a copper housing.
The conductor surface is oxidized to enhance the heat
transfer to liquid helium. A total of 38 conductors has
been tested to ensure the performance of this conductor.
These results show that the critical current is more than




1.7 times the operating current and that the recovery
current is higher than the operating current.

Helical coil winding

The helical coil iswound in ahelical coil case made of
thick stainless steel. The case is used as a bobbin as
well as aliquid helium bath. The helical coils have 450
turns each, and the total length is 37 km. Ground insu-
lation is pasted directly on the can and cured by auto-
claving. The on-site winding of helical coils started at
the beginning of 1995 and will be completed by the
summer of 1996.

Table 2. Major parameters of the helical coil

Phase Il
1.8
17.3
9.2
1.64
450 (150 X 3)
30-70
49.2-64.3

Phase |
4.4

13

6.9
0.92

Item

Coil temperature (°K)
Current (kA)

Maximum field (T)

Magnetic stored energy (GJ)
Number of turns

Spacer factor (%)

Spacer pitch (mm)

Positioning error (mm) <2

Stress on the conductor (MPa) <290

Average gap between layers (mm) <65

Fabrication of poloidal coils.

The superconducting poloidal coils are made of cable-
in-conduit forced-flow conductor (CICC). Fabrication
of two pairs of poloidal coils, theinner vertical field
(V) coils and the inner shaping (1S) field coils has been
completed.

The largest poloidal coils, the outer vertical (OV) coils,
are being constructed in the LHD experimental hall.
The coil is composed of eight double pancakes with a
nominal current of 30 kA. The major radius of the coil
is5.5 m, and its thicknessis 0.54 m. The specifications
of the coils are listed in Tables 3 and 4.

Table 3. Specifications of the poloidal coils

[\ IS ov

Forced-
flow

Cooling type «— «—

Inner/outer radii (m) 1.6/2.1

Height (m) 0.46

Number of pancakes 16

Number of turns 15%X16

=240

Operating current (kA) 20.8

Maximum field (T) 6.5

Stored energy (MJ) 68

Conductor length (km) 2.7

Number of flow paths 16

Length of flow paths (m) 170

Table 4. Specifications of the poloidal conductors

v IS ov
Cable- «
in-conduit
NbTi

Type «—

Superconducting «— «—
material
Operating current (kA)

Critical current (kA)

20.8

62.4 at
65T
23.0x27.6

21.6

64.8 at
54T
23.0x27.6

31.3

93.9 at
50T
27.5x31.8

Conduit dimension
(mm)

Thickness (mm)

Void fraction (%)
Strand diameter (mm)
Number of strands

3

38

0.76
3x3x3x3x
6 = 486
1.2.7

15

3.5

NbTi:Cu

Filament diameter
(mm)

Strand surface

Inlet SHe pressure
(Mpa)

Inlet SHe temperature
(°K)

Flow rate per path
(g/s)

Pressure drop per path
(Mpa)

Experiment of a single IV coil (EXSIV)

Theinitial cooldown of the IV-L coil has been carried
out. It took about 250 h to cool the coil from room tem-
perature to 4.4°K. To prevent thermal stresses within
the cail, the coil was cooled with less than 50°K tem-
perature gradient between the inlet and the outlet. Fun-
damental tests for checking the electrical insulation and
the joint between the conductors were performed with
energizing the coil at 2.2 kA. The final test, which ener-
gizesthe IV-L coil with 20.8 kA current, will be con-
ducted within this year.

Activity of the Plasma Heating Division

The development of high-current negative ion beam

A 1/3 model of thereal LHD ion source was used to
extract 16.3 A of current at a current density of

30 mA/cm?. The working gas pressure was reduced to
0.5 Pa. The extracted negative ion beam was acceler-
ated to 125 keV. This beam current density already sat-
isfies the specification required for the LHD neutral
beam injector. Based on the success of the beam accel-
eration and physical study of the beam penetration, the
design value of the beam energy was raised to 180 keV
for hydrogen.




Test of the ICRF power source

The test of the ICRF power source is progressing rap-
idly after improvements were made on the dummy load
and on the cooling of the cavity of the final amplifier.
Long pulse operations, 1.5 MW for 1 h and 1.9 MW for
10 s, have been conducted successfully. The former is
regarded as a steady-state operation. Because the power
source consists of two such tetrodes, this result sug-
gests a capability of 3-MW ICRF power injection in
steady state. R& D of awater cooled-antenna and trans-
mission line is underway.

ECH gyrotron and transmission line development

An 84-GHz gyrotron (NIFS/Varian) was tested success-
fully on the test bench at the Toki site with the follow-
ing records: 400 kW for 10 s and 500 kW for 2.2 s.
Reflection from the dummy load was reduced carefully
prior to the high power test. Thisis essential for devel-
opment of steady state gyrotrons.

Development of atransmission system including a
quasi-optical launcher has been almost finished: (a) suf-
ficiently low transmission loss of the corrugated wave
guide was demonstrated by the use of a 62-m long test
wave guide; (b) a systematic method to design a 3-D
guasi-optical transmission system was established; and
(c) various aspects have been tested in CHS.

The development of high-power microwave windows

needs to be continued.
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