
The development of the high power, and long pulse
millimeter wave transmission component is inevitable for
the high temperature steady state plasma confinement
experiment in the LHD. In order to accommodate high
power of the order of 1 MW, long pulse or CW transmis-
sion with high reliability, the evacuation of the system
and the developments of the corresponding components
are necessary. Due to the successful development and
the simultaneous operation of the three, 77 GHz and
one 154 GHz 1MW gyrotrons, total injected power of
ECRH into LHD exceeded 5.4 MW in FY2014. Five cor-
rugated 3.5 inch waveguide transmission lines have been
already evacuated using several developed components so
far. These experiences are utilized to develop corrugated
waveguide components with other inner diameter. Evac-
uated corrugated waveguide system is now widely used
and planned to be applied to JT-60SA and ITER ECRH
system, with individual waveguide and corrugation pa-
rameters. We have developed general design and fabrica-
tion method of miter bend.　The miter bend blocks for
63.5 and 60.3 mm inner diameter corrugated waveguide
systems are designed and fabricated for QUEST 28 GHz,
Heliotron-J 70 GHz, and JT-60SA 110/140GHz systems.

The low loss polarizer mirror set is designed for
QUEST 28 GHz system and the polarization setting pro-
gram routinely utilized in LHD is extended incorporated
with the QUEST antenna and transmission configura-
tion.

The development of 28 GHz polarizer miter bend
and extension of polarization setting program

New polarizers with optimized groove shape and mini-
mized ohmic loss are designed and fabricated for QUEST
28 GHz 1MW system1). In order to realize optimum
heating and current drive the optimum injection the po-
larization which is dependent on the plasma parameters
and injection angle and peripheral plasma density. The
program which determine the combination of the setting
angles of λ/4 and λ/8 polarizers was developed utilizing
a similar program routinely used for LHD. The original
program used for LHD needs the configuration of the
transmission line. Here configuration includes the rela-
tive setting angle of miter bends, antenna mirrors and
injection angle as well as positions and characteristics of
λ/4 and λ/8 polarizer. In Figure 1 are shown the realized
polarization state defined by α (angle of long axis of po-
larization ellipse relative to mid-plane of Quest) and β (
ellipticity = tanβ, ± defines right/left rotation seen from

Fig. 1: a)α and b) β contour plot on (ϕ1,ϕ2), here
ϕ1 and ϕ2 are setting angles of λ/8 and λ/4 polarizer,
respectively.

Fig. 2: Schematic diagram of a miter bend cavity.

propagation direction ) for the polarizer setting angles of
(ϕ1, ϕ2)

Development of cavity type loss measurement
system of miter bend

The losses of a miter bend of corrugated waveguide
include polarization dependent ohmic loss, mode con-
version loss. The precise estimation and separation of
ohmic loss and mode conversion loss are generally hard
to measure, since they are so small in one reflection and
normally below estimation error. Quasi-optical cavity
has been utilized to estimate the ohmic loss of mirror
surface. An new idea is to form a cavity with the miter
bend itself and estimate losses by the cavity quality fac-
tor through scanning the input frequency or the cavity
length as shown in Fig. 2. Utilizing the difference of
the propagation constant of eigen modes in a corrugated
waveguide, Ohmic loss of each mode and even mode con-
version coefficient can be estimated by this method using
flat mirror as DUT. Furthermore, if corrugated polar-
izer plate is used as DUT, polarization dependent losses
would also be measured.

1) Ii, T., et al.: Rev. Sci. Instrum. 86 (2015) 023502.
and Tsujimura, T. I. et al.: NIFS Annual Report
2015-2016.

The authors have been developing user-friendly 
environment to analyze the LHD experimental data1). On
this purpose, myView2, a python-based data visualization 
tool has been developed2). MyView2 is written in Python to 
support various platform, and currently it can run on 
Windows, MacOS, and Linux. Therefore, the visitors of 
NIFS can begin to analyze the experimental data using their 
own PC soon after their visit. Also, myView2 adopts 
modular structures, for example, it uses data loader modules 
that loads specific experimental data to visualize. Last year, 
44 new data modules are added to the myView2, and totally, 
162 data modules are available now. However, for the 
visitors, it is difficult to find the data they want. In order to 
find the data easily, the web page was provided to search 
for the summary information of the registered data. In this 
web page, they can learn what kind of data are registered, 
and download the data by the browsers (Fig 2). Furthermore, 
in order to use myView2 from their laboratory, the author 
improved the cache behaviors and network error handling, 
and reduced the frustrations when they use the slow network 
connections from abroad.

The physical data of the LHD experiment is provided 
by the Analyzed Data Server. There is dependency among 
these data. For example, if the equilibrium data is updated, 
all the physical data based on the effective radius, such as 
the electron temperature distribution, must be recalculated. 
To keep the consistency, AutoAna has been developed. 
When a physical data is registered into the analyzed data 
server, AutoAna begins calculation programs to register the 
dependent data automatically. It is often the case that all the 
data acquired in one season is updated because of the 
calibration factor is changed. In such a case, tens of 
thousands data must be recalculated. To enhance the 
calculation speed, 12 calculation servers are prepared for 
calculation. The calculations are executed at once, and the 
number of calculation processes executed at the same time 
becomes more than 100. At that time, the network becomes 
bottleneck of the calculation. For example, the average size 
of the magnetic field geometry data is about 73 MB/shot, 
and this data is required to calculate NBI beam attenuation. 
Therefore, when the number of the processes is more than 
100, the total amount of data passing between the Analyzed 
Data Server and the calculation servers becomes serval GB 
at one time. In order to resolve this bottleneck, the network 
infrastructure was improved. The speed of the network 
connecting the Analyzed Data Server and the calculation 
servers had been 1Gbps, but it was replaced with 10Gbps 
network.

By several reasons, AutoAna fails to register the 
dependent data into the Analyzed Data Server, for example, 

by lacks of the necessary data or by bugs of the calculation 
programs. In order to see the AutoAna status, the web 
interface has been developed. Using the interface, they can
see the registration status and the log files in detail by the 
web browsers.

Fig. 1. MyView2, a flexible data viewer. It is written 
by python language, and it can run on Windows, 
MacOS, and Linux.

Fig. 2. A web interface to search or retrieve the 
registered data into the Analyzed Data Server.

1) M. Emoto, to al. : Fus. Eng. Des., in press.
2) C. Moon et al.: Fus. Eng. Des. 104, 56 (2016).
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