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FOREWORD 

In 2005, fusion research in the World crossed a major threshold by reaching an 
agreement on the site of ITER, the next step fusion experiment. This decision was taken in 
June 2005 by 6 parties: the European Union, Japan, the United States of America, the Russian 
Federation, the Peoples Republic of China, and Korea. It is especially pleasing that finally the 
European site proposal was accepted: Cadarache in southern France. This decision will 
strengthen the enthusiasm of the European fusion community and on a long term will 
hopefully represent a major step toward harnessing fusion power. 

ITER will not only be an important experiment, but will also mark the beginning of the 
transformation of fusion research from a laboratory experiment to industrial technology. It 
will hopefully demonstrate the generation of 500MW power for at least hundreds of seconds 
and will develop all technologies needed for a demonstration fusion power plant. 

Work and changes in the Hungarian fusion Association in 2005 reflected the above 
important developments. Besides continuing our traditional plasma physics and fusion 
technology research activities ways of strengthening our engineering capabilities were 
considered to be important. This became possible by acquiring a 3-year nuclear technology 
grant from the National Office of Research and Technology. This gave the possibility to 
establish a fusion engineering group in the Association which will hopefully serve as the root 
of a future fusion industry. 

This booklet contains an outline of the 2005 activity of Association-HAS (Hungarian 
Academy of Sciences), one the 23 fusion Associations in Europe, which represent the 
backbone of European fusion research. Our Association was established in 1999 and since 
then expanded to include several institutions from the Hungarian research scene: 

• The KFKI Research Institute for Particle and Nuclear Physics (KFKI 
RMKI) is the coordinator of the Association, 

• The KFKI Atomic Energy Research Institute is the major institution 
involved in fusion materials and other technology research, 

• The Budapest University of Economics is involved in plasma physics, 
education and fusion technology work, 

• The Research Institute of Technical Physics and Materials Sciences 
participates through the development of electromagnetic testing techniques, 

• The Széchenyi University participates in plasma turbulence studies, 

• The Institute of Nuclear Research of the Hungarian Academy of Sciences, 
the University of Debrecen and the VEIKI Institute for Electric Power 
Research has started to participate in fusion technology research in the 
framework of our nuclear technology grant. 

I believe that the information in this Annual Report gives the reader a comprehensive 
overview of Association-HAS. More details can be obtained by contacting the coordinators of 
the research topics indicated in various chapters.    

S. Zoletnik 

Head of Association 
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Figure 1. The holder of 
the new ion emitter for 

JET. 

EXECUTIVE SUMMARY 

Currently no fusion experiment is available in Hungary, therefore fusion research 
concentrates on experiments in the European fusion programme. Work is dominated by 
experimental studies and supported by theoretical calculations. Rather than focusing on 
certain experiments, we develop diagnostic techniques and conduct studies in a limited 
number of fields on several machines.  

Atomic beam diagnostic techniques using the Beam Emission Spectroscopy (BES) 
scheme are being developed in the Association for the measurement of density profile and 
also fluctuations in the edge of fusion plasmas. The aim of 
laboratory development in 2005 was to create an advanced ion 
source usable in Lithium beam diagnostics. Currently these are 
limited by the approximately 2 mA current of the ion emitter, a 
new type of source has been successfully developed, which can 
reach 4-5 mA from the same surface area. Although some work 
is still needed to reduce the necessary heating power, their 
sources will be capable of delivering 8-10 mA current from an 
increased emitting surface. This development is important for the 
enhancement of the Lithium-beam diagnostic on the TEXTOR 
tokamak (Jülich, Germany) we are currently re-installing. The 
vacuum system and high-voltage part have been completed and a 
complete rebuild of the control system is underway. A 
preliminary observation system with a digital camera has been 
commissioned and the design of a final in-vessel optical system 
has been nearly finished. Additionally to the Lithium emitter, the 
laboratory development provided the possibility of sodium and 
potassium sources as well, from which a sodium source has been 
demonstrated in a laboratory test of the ASDEX Upgrade 
(Garching Germany) Lithium beam. Besides TEXTOR and 
ASDEX Upgrade, this beam development is important for our JET activities as well. 

Besides a strong beam, state of the art light measurement is also an essential part of 
BES experiments. In this field the Association started development of an advanced avalanche 
photodiode (APD) based detector system. The first version has been manufactured and tested, 
a final modified version will be finished in 2006. In 2005 the Association was contacted by 
the MAST tokamak team (Culham, UK) for a possible collaboration on core plasma 
turbulence measurement with BES on heating neutral beam. A design of the experimental 
setup has been done, signals levels simulated. The results showed that the APD system could 
be an optimal detector for this purpose.  

Experiment on pellet-plasma interaction continued on the ASDEX Upgrade tokamak 
(Garching, Germany). A third view on the pellets has been commissioned, this helps in the 
full 3D reconstruction of the pellet trajectory in the plasma. Several dedicated experiments 
were made to clarify the mechanism how the injected pellets can trigger an Edge Localised 
Mode (ELM) instability. This work is extremely important for future fusion devices 
(especially ITER) where regular ELMs are needed for particle exhaust, but their thermal load 
on the divertor plates should be kept within reasonable limits by controlling their frequency. It 
was verified that the pellet triggers the ELM very shortly after it crosses the steep gradient 
region (pedestal) at the plasma edge, when only a small fraction of its material has been 
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evaporated. This calls for injecting pellets with smaller size (to reduce fuelling) and with 
higher repetition rate (to reduce ELM energy). For this purpose the Association collaborates 
with the ASDEX Upgrade team in the development of a “blower gun”; a pellet injector 
aiming at more than 100 Hz frequency and small pellets. The gun reached the state when 
installation on the experiment could begin. The simulation of the pellet ablation process was 
further refined. A module for the calculation of the radiation distribution for carbon-doped 
pellets has been completed and regular simulations were performed for ASDEX Upgrade 
pellet injections. The calculated ablation rate of the pellets is in good agreement with 
experiments. In order to perform a systematic comparison between the theoretical calculations 
and experiments a pellet ablation database has been built in previous years. In 2005, 
measurements from Tore Supra (Cadarache, France) have been added. 

The transport of particles in fusion plasma was investigated by injecting trace elements 
and following their diffusion out of the plasma. Such experiments were done on the TCV 
tokamak in Lausanne, Switzerland. This tokamak has been equipped with additional electron 
cyclotron wave heating capabilities, which enable the study of plasmas in an extremely high 
temperature range. The trace particle injection experiments showed, that the particle 
confinement time behaves very similarly to the energy confinement time, it strongly decreases 
with increasing heating power. As a by-product of impurity injection experiments, small 
micropellets were accelerated into the TCV plasma using the same laser injection equipment. 
Initial studies showed that a cloud of particles can be detected in the plasma at a considerable 
distance. The possibility of flow velocity measurements using this technique will be explored 
in the future. 

Plasma turbulence measurements are one of the most important fields in current fusion 
research. In 2005, experiments and data evaluation were carried out on Langmuir probe 
measurements on the CASTOR tokamak (Prague, Czech Republic). The results showed the 
existence of radially localized, poloidally symmetric random modulations in the poloidal flow 
velocity of the edge plasma. Such modulations (zonal flows) are expected from theoretical 
models, our experiments represent one of the first direct observations of these phenomena. To 
test the interaction between these flows and Reynolds stress drive a special probe has been 
designed and built by the CASTOR team. Initial experiments showed steep gradient in the 
Reynolds stress, a detailed evaluation of the data is underway. Plasma turbulence data was 
also analyzed in measurements from the already closed Wendelstein 7-AS (Garching, 
Germany) stellarator experiment. Transient events were correlated between different 
diagnostics. A phenomenon was identified, which is characterized by poloidally symmetric 
flattenings in the temperature and density profiles and associated bursts in magnetic field and 
small-scale density turbulence. 

In 2005 The Association started two projects in the upgrade of the JET tokamak: 
upgrade of the Lithium-beam diagnostic and installation of a fast digital camera for pellet and 
turbulence observation. 

Several activities aim at preparations for future fusion experiments: the Wendelstein 7-X 
stellarator in Greifswald, Germany and the ITER tokamak in Cadarche, France. For the former 
the Association took full responsibility of a 10-camera survey video camera system, which is 
one of the basic diagnostics of the machine. In 2005, concepts of the mechanical 
implementation and the fast CMOS camera were developed. In the last months of the year 
several ITER technology activites were started in collaboration with the Forschungszentrum 
Karlsruhe: integration of the tritium breeder module into the tokamak environment simulation 
of coolant flows in the breeder modules and preparation of a full-scale test facility for them. 
In the framework of a contract from the European Fusion Development Agreement (EFDA) 
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experiments were performed to study the gas permeation through materials to be used 
between ITER divertor modules. 

Additionally to these engineering design activities, work on the ITER bolometer 
diagnostic system was concluded in 2005: a proposal for an optimized line-of-sight 
arrangement has been finished and the reconstruction quality of both the main chamber and 
the divertor radiation profile was assessed. 

An engineering conceptual work 
has already been started in 2004 for the 
development of optimal maintenance 
scheme for the blanket of the DEMO 
fusion reactor. In 2005, the work 
focused on a new scheme, where 
blanket modules are integrated into 
segments and these are removed as one 
piece from the machine.  

In the field of fusion materials 
technology, two studies were carried 
out. One aimed at studying the 
applicability of materials properties 
extrapolation to different temperature 
and sample size ranges using the so 
called Master Curve method. In the 
other study, the Association 
participated in an Europe-wide effort to compile a materials handbook for ITER engineering. 
The task of our Association was to compile data for Ti-6Al-4V alloy. 

The technology studies were supported by two Underlying Technology (UT) activity: 
development of various electromagnetic testing technologies and reconstruction of materials 
samples. Although interesting results were developed during the first task their application for 
ITER depends on the need of the machine engineering team. Results from the latter UT task 
will be used in future irradiation tests of material samples. 

In addition to the above described fusion physics and technology activities, the 
Association supported EFDA in two special projects: we provided coordination for 
videoconference developments for new Associations and made a survey of the effectiveness 
of fusion information materials for students in New EU Member States. Both tasks were 
completed successfully. 

 

 

 

 

Figure 2. Conceptual design of DEMO fusion reactor 
blanket maintenance scheme. 
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FUSION PHYSICS RESEARCH 

DEVELOPMENTS IN THE REINSTALLATION 

OF THE ENERGETIC 
LI-BEAM DIAGNOSTICS ON TEXTOR 

G. Anda, D. Dunai, B. Mészáros, G. Petravich, S. Zoletnik 

KFKI-RMKI 

Collaboration: IPP FZ-Jülich 
Contact E-mail:petravich@rmki.kfki.hu 

Reinstallation of the Li-gun 

The 35 keV Li-beam diagnostic is being reinstalled by KFKI RMKI researchers on the 
TEXTOR tokamak in Jülich. In 2005 all three parts of the vacuum system – source, 
neutralizer and flight tube – have been installed. Cabling and pneumatic control for the 
vacuum system are ready. Better then 10-6 mbar vacuum in all three parts was achieved. A 
separate backing pump for the turbomolecular pump on the flight tube has been installed to 
allow independent pumping of this unit.  

 

 

The HV enclosure for the source side of the gun has been designed and manufactured. 
The metallic parts inside the HV enclosure are covered with Kapton foil to prohibit sparks. A 
temporary HV safety system has been built up to allow test operation. The power supply for 
emitter heating and the related light/DC converter for its control were placed inside the HV 
enclosure and the fibers to the converter were laid in the cable trace. Emitter heating via fiber 

Figure 3. Schematic view of the Li-gun on TEXTOR. 
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control has been checked. Some missing power supplies arrived and HV cables for the two 
main voltages were made and connected. 

During its last operation in 2000 the Li-beam diagnostic was controlled by a Siemens 
S5 system. Due to the limited manpower at TEXTOR this could not be modified for 
controlling the new system, therefore it was decided that a new control system based on a PC 
controllable Siemens S7 would be built by KFKI RMKI. This will allow remote operation of 
the device. The components for this system were selected, installation and programming will 
commence in 2006. 

Observation 

In its final setup the Li-beam diagnostic will have two observation systems: a CCD 
camera would be used for measuring the Li-beam light distribution on a 5-10 ms timescale in 
order to calculate the plasma density profile, and a fast (1MHz) measurement system for 
plasma turbulence studies. In 2005 a temporary holder for the CCD camera was designed and 
the camera was installed on the diagnostic window of the Li-beam observation port. Fibre 
optical digital data link was laid down to connect the camera to the computer in the control 
room. Programs for automatic control of the observation system during TEXTOR operation 
were developed and measurements were taken during plasma discharges without the Li-beam. 
A Faraday Cup combined with a Titanium plate has been designed and manufactured in order 
to perform testing of the beam outside the TEXTOR vacuum chamber. 

Design of the in-vessel optics 

The Hungarian subcontractor completed the detailed design drawings of the parts of the 
support structure of the in-vessel part of the new observation system. This concept has been 
thoroughly checked by experts from TEXTOR and they found many weak points in the 
design and suggested that it should be redesigned. This has been started by our new colleague 
with the guidance of a local engineer. 

Simulation 

Cooperation on beam simulation - using the AXCEL code - continued. IDL-tools for 
analyzing AXCEL code data were developed. Comparison of measured and simulated beam 
profiles - for operation scenarios used during test at KFKI-RMKI were done. Series of runs 
were made to find out the influence of space-charge compensation on beam parameters. The 
analysis of these systematic runs has helped to identify quantities that reproduce more or less 
the experimentally observed dependencies. This result allows us to assess the capabilities of 
new beam acceleration geometries being developed at KFKI RMKI. 
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Figure 4. Beam parameters at the observation region calculated from AXCEL results 
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AVALANCHE PHOTODIODE DETECTION SYSTEM 

FOR TURBULENCE STUDIES 

D. Dunai, S. Zoletnik 

KFKI-RMKI 

Contact E-mail:dunai@rmki.kfki.hu 

In the plasma turbulence measurements with beam emission spectroscopy (BES) the 
limiting factor is usually the detected number of photons. The turbulence measurement needs 
high time resolution (typically 1 MHz) that also means short integration time. The short 
integration time and the low photon flux cause high photonic noise on the measured signal. 
Therefore it is an essential task to improve the detected number of photons. To enhance the 
quantum efficiency of the detectors is one possible way of the development. Photomultiplier 
tubes (PMT) were used in previous BES fluctuation measurements (W7-AS, JET). Although 
the PMT detectors are commonly used and convenient because of their high gain (~106) they 
have several disadvantages. The quantum efficiency of this detector type is less then 10% and 
additionally they are heavily sensitive to the magnetic fields. 

The development of the modern semiconductor industry made possible the usage of a 
different detector type, the Avalanche PhotoDiode (APD). The APD has the advantage of the 
high quantum efficiency (~85 % at 671 nm, Li2p spectral line) like other semiconductor 
photodiodes. But also has an internal gain mechanism that functions by applying a reverse 
voltage. This gain is in the range of one hundred, so the signal amplitude gained from an APD 
is three orders of magnitude lower than the signal of a PMT with the same light source. 

The main difficulty using an APD detector is the amplification of the tiny signal that 
comes out from the diode (60 nanoamper / 1010 photons). Special amplifier circuit was 
designed and manufactured in KFKI RMKI to overcome this problem using high-bandwidth 

low-noise amplifier chips. The bottom figure 
shows the prototype of this compact detector 
with its amplifier. The calculated noise level of 
the amplifier is in the range of the Johnson 
noise (thermal noise) of the first feedback 
resistor. The other problem is the temperature 
dependent gain of the APD detector; to avoid 
this active temperature control is to be 
developed. The results of the tests are 
promising, however more investigation is 
needed. Cooling of the APD semiconductor is 
a possible way of development and 
additionally provides stable temperature but 
than the detector should be in a vacuum 
chamber.    

Figure 5. The prototype of the avalanche 
photodiode based detector showing the 

compact size. 
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IMPURITY PARTICLE TRANSPORT MEASUREMENTS ON TCV 

G. Veres, J.S. Bakos, H. Weisen 

KFKI-RMKI 

Collaboration: CRPP-Lausanne, 
Association Euratom – Confederation Suiss, 

Contact E-mail:veres@rmki.kfki.hu 

Impurity confinement time measurements 

In the past, on the TCV, the targets of impurity transport measurements were ohmically 
heated plasmas. From 2005 on, impurity particle transport measurements were continued in 
ECRH heated plasmas. The experimental equipment was as before: the blow-off injection 
system for the impurity source and the 200 channel soft X-ray camera system for the 
observation. A key in the success in the impurity transport measurement is that the injected 
impurity had such an ionization state that lives in the plasma longer than the typical transport 
time (i.e. longer than ~ 10-20 milliseconds in TCV). In an ideal case this ion might be the 
helium-like ion of the given impurity. Typical ohmic plasma on TCV has a central electron 
temperature of about 1 keV, whereas in ECRH heated plasmas the central electron 
temperature can reach 3 keV. The line averaged electron density is approximately the same in 
the two regimes, so the lifetime of any ion is considerably reduced by the temperature factor 
only. It was thought that the previously used silicon will be unsuitable for the high 
temperature regimes because of the too short lifetime, and one started to use heavier elements 
with more electrons and higher ionization potential of its He-like ion, titanium and nickel. The 
ablation characteristics of the Ti layer made the injection very unreliable, the signal obtained 
was either huge or very small. It was decided that the silicon should be used again by keeping 
in mind that the temporal change of the measured signal, the decay of which should normally 
give the impurity confinement time, is affected by the lifetime of the silicon ions due to 
further ionization. The results of the investigations are summarized on Figure 6. and Figure 7. 
Figure 6. shows the dependence of the impurity confinement time as a function of the central 
electron temperature, whereas Figure 7. shows the same as a function of the electron energy 
confinement time. It can be seen, that although the impurity confinement time decreases with 
the increasing central electron temperature, so does the electron energy confinement time, and 
the ratio of the two confinement times is practically constant. There is no observable 
dependence on the atomic weight, either. 
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Figure 6. The dependence of the impurity confinement time on the central electron temperature. Blue 

squares – for silicon, red squares – for titanium. 
 

 
Figure 7. The dependence of the impurity confinement time on the electron energy confinement time. 

Blue squares – for silicon, red squares – for titanium. 
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DIAGNOSTIC NEUTRAL BEAM DEVELOPMENT 

G. Anda, S. Bató, S. Zoletnik 

KFKI-RMKI 

Collaboration: IPP-Garching, FZ-Jülich, JET 
Contact E-mail: andag@rmki.kfki.hu 

Injection of 10-100 keV neutral Li beams into magnetically confined fusion plasmas 
causes collision-induced Li line emission at 670.8 nm. By observation of the intensity and of 
the fluctuations of this Li resonance line along the beam, it is possible to infer the density 
profile and the two dimensional correlation structure of the electron density fluctuations. 

The heating process of the new emitter 

 

 

 

The ion emitter of the high energy guns was published in the Annual Report 2004, 23-
25, which is the crucial part of the guns. Our aim was to solve the heating process of the new 
high current thermionic ion emitter. When it was heated by thermal radiation of a Tungsten 
filament, it required considerably more heating power than the conventional HeatWave 
sources. Embedding the heating filament, the heating power could be much lower because of 
the different mechanism of the heat transfer (heat conduction instead of radiation). This 
method is used at the HeatWave ion sources as well, see Figure 8. The material around the 
heating filament is high purity Al2O3 and the empty source is heat treated for 2 days at 2000 
°C in hydrogen to reduce the impurities. It is necessary to avoid the shortcut between the legs 
of the filament due to electrolysis (the most common impurities are the alkaline metals). 
Above 1500 °C the Al2O3 can dissociate, it leads to shortcut, too. The working temperature of 
the emitter is about 1300 °C, while the heating filament reaches the 1500 °C. The temperature 
limit of the Heatwave ion source is 1200 °C, fixed by the manufacturer. At long term 
operation, it can lead to breakdown. The heating filament of our new improved emitter is 

Figure 8. The Heatwave’s thermionic ion emitter. 
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embedded into BeO and Si3N4 powders see 
Figure 9. The BeO exhibits good thermal 
conductivity while also being a good 
electrical insulator. The Si3N4 has the same 
parameters, but it is poor heat conductor, i.e. 
good heat insulator. These powder materials 
are mixed with pure water and then pressed 
into the cup (emitter holder). The first layer 
(dark blue) in the cup is a 0.1 mm thick BeO 
ceramic sheet. It is necessary to avoid the 
shortcut between the filament and the cup. 
This heating set-up was successfully tested in 
the JET duplicate Lithium beam at IPP 
Garching, see Figure 8. The design of the 
new emitter holder for the TEXTOR Lithium 
beam is ready as well. 

Simulation of a new ion optic 

We have seen from the test of the JET Li-beam, that the 
current limit of the ion beam is the ion emitter (see Annual 
Report 2004, 23-25). But at 6 kV extraction voltage the beam 
current could be maximum 3 mA determined by the ion optic 
(see Figure 10.) of the JET Lithium beam. Our new emitter was 
found to be capable of delivering substantially higher ion current 
than 3 mA. Two possibilities are given to increase the beam 
current above 3 mA. The first chance is to change the ion optic; 
the second is to develop a new one. To calculate the path of an 
ion beam we use the CPO (CPO Ltd. UK) beam simulation code, 
the calculated beam path can be seen on Figure 11. Three 
elements of the ion optics are referred as emitter, extractor and 
puller. The puller is connected to ground, the emitter is on high 
positive potential (main voltage, about 50 kV) and the extractor 
is biased negatively relative to the emitter (extraction voltage, 5 
kV → voltage on the extractor electrode: 45 kV). The ion beam 
leaves the gun through the puller electrode and passes through 
the opening of an electron suppression ring. This is connected to 

negative voltage to prevent electrons 
flowing back onto the emitter. At a 
fixed geometry focusing of the ion 
optic is determined by the ratio of the 
extractor-puller and emitter-extractor 
voltage. To verify the applicability of 
the CPO code we compared the test 
results of the TEXTOR Li-beam with 
the result of the beam simulation. It 
was found to be adequate. By the help 
of this code we developed a 
completely new ion optic geometry, 
see Figure 12. In this geometry the 

Figure 9. The new ion emitter. 

Figure 10. The holder of 
the new ion emitter for 

JET. 

Figure 11. Ion optic of the JET Li-beam and the 
simulated beam path by the CPO. 



 14 

extraction and the focusing are in the same 
time, in one step. On the basis of the simulated 
beam path we can assume that a parallel beam 
can be produced by this ion optic geometry. At 
the parallel part of the beam it has to be 
neutralized by Sodium atoms, it is the same at 
the recently used ion optics. The neutralized and 
parallel beam can be shot into the plasma to 
measure different plasma parameters. The next 
step is to build up and test this new ion optic 
geometry in the laboratory.  

 

 

Figure 12. The new ion optic geometry. 
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PREPARATIONS FOR BEAM EMISSION SPECTROSCOPY 

MEASUREMENT ON MAST  

D. Dunai, A. Field, S. Zoletnik 

KFKI-RMKI 

Collaboration: UKAEA Fusion, Culham Science Centre 
Contact E-mail:dunai@rmki.kfki.hu 

 

In the summer of 2006, the heating beam system of MAST (Mega Amper Spherical 
Torus) will be upgraded with PINI beams. The possibility of a new fluctuation measurement 
diagnostic was proposed in respect of the better parameters of the upgraded beams. A similar 
measurement has already been built up and successfully operated at DIII-D some years ago 
with cryogenically cooled APD detector system. The basic idea of this experiment is the 
measurement of collisionally excited, Doppler shifted neutral beam fluorescence, like in all 
beam emission spectroscopy. The main difference is the width of the beam (~10 cm half 
width), and the region where the measurement can be made. An advantage of the heating 
beams that they are penetrating deep into the core region of plasma because of their high 
energy (~100 keV). A serious disadvantage is the width, that means only special tangential 
views are adequate as an observation line of sight. Tangential view means one needs to view 
along the magnetic field lines, because turbulence is highly anisotropic (k|| << k⊥). In a 
spherical tokamak like MAST the angle between the poloidal and the toroidal component of 
the field lines (pitch angle) varies strongly along minor radius. Therefore every channel has a 
different optimal view. From the other side a given observation port defines the achievable 
finite resolution of the turbulent structures. 

The first aim of the feasibility study was to find the appropriate observation port. The 
simulations showed that a new port should be drilled and dedicated optics should be installed 
for the optimal view. Further aims: 

• Estimate achievable radial and poloidal spatial resolution 

• Simulate BES spectrum integrated along lines of sight 

• Determine expected absolute signal level for given configuration 

• Estimate achievable SNR from expected count rate 

To prove the capabilities of this technique the measurement was planned to ‘piggy-
back’ on CXRS optics for 8 channel ‘trial’ system. Though this port is not optimal, the 
simulations predict that the less than 1% fluctuation level in the plasma density would be 
observable with a reasonable resolution. The model of the detection system is based on the 
estimations of the new APD detector system developed in KFKI RMKI.  

Although many parts of the system need investigations, the installation of the ‘trial’ 
system should be finished before September 2006.   
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INVESTIGATION OF PELLET-PLASMA INTERACTION 

AT ASDEX UPGRADE TOKAMAK 

S. Bató, É. Belonohy, S. Egorov, S. Kálvin, G. Kocsis, T. Szepesi 

KFKI-RMKI 

Collaboration: IPP-Garching 
Contact e-mail: kocsis@rmki.kfki.hu 

Recently cryogenic hydrogen isotope pellets were used not only for tailoring the core 
profile but also for edge plasma control (Edge Localized Mode - ELM - pace making) by 
means of frequent small and shallow penetrating pellets. Therefore the detection of the 
distribution of the pellet cloud with high spatio-temporal resolution has more than a pellet-
plasma interaction centered importance. For these ELM control investigations the 
understanding of the underlying processes depends highly on the information regarding the 
localization of the pellet during the ELM. High resolution ablation profiles and pellet path 
measurements at different pellet parameters (mass and velocity) are required to understand the 
mechanism of the ELM triggering. The collaboration between KFKI-RMKI and IPP aims to 
lay emphasis on the investigation of ELM triggering at investigating the pellet-plasma 
interaction. 

Pellet photography: pellet observation system development 

The 3D camera system at ASDEX Upgrade was developed further in 2004 to set in a 
third observation view, new PCO PixelFly cameras and a new imaging setup in the second 
camera box. In 2005 the commissioning of the new observation view, cameras and persistent 
measurement of the pellet penetration depth were performed to enlarge the HFS pellet 
injection database. 

In order to localize the pellet during ELM triggering a new trigger method was 
developed, Figure 13. Photodiodes detect the time evolution of the light emitted by the pellet 
cloud (ablation monitor signal). If this signal exceeds a predetermined comparison level, the 
digital cameras are triggered after a predefined delay (camera trigger time). For each pellet the 
cameras record 3-5 snapshots onto the same frame using an exposure time of 5-10µs and a 
period time of 100µs. This allowed us to determine the position of the pellet cloud attached to 
the pellet on the images and to match the time of the given snapshot. Based on these data the 
time when the pellet crosses a certain flux surface, especially the separatrix can be calculated.  
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Investigation of the ELM triggering mechanism  

Supposing that a pellet triggers an ELM if it reaches a certain position in the plasma 
inside the separatrix, the delay between the time when the pellet crosses the separatrix and the 
ELM onset is an inverse function of the pellet velocity. Therefore we can check our 
assumption experimentally by triggering ELMs using pellets with different velocities. By the 
use of the above mentioned trigger method the pellet trajectory with time markers could be 
reconstructed and the typical result of the evaluation (v=240m/s, shot:20041) is seen on 
Figure 13/d. (supposing that pellets fly in the poloidal cross section of the injection). The 
black rhombs on this figure represent the position of all pellets injected into the discharge for 
the times of the camera exposures. The blue line denotes the designated pellet path (pellets are 
radially accelerated, therefore their trajectories are curved). The red triangles are the crossing 
points of the individual pellet trajectories and the calculated separatrix. The scattering of the 
separatrix position on the pellet trajectory is due to the movement of the plasma and the 
variation of the trajectory itself from pellet to pellet. 

 

Figure 13. The ablation monitor signal (a.), the Mirnov coil signal (b.) and the camera exposure times 
(c.) in a typical discharge. The pellet onset time and the ELM onset are computed by setting an 

appropriate threshold. The positions of all pellets in this discharge at typical times and crossing points 
of the pellet trajectories with the separatrix on the poloidal plane of the pellet injection (d.). 

 

From the results of such evaluations the T flight time (delay time) of the pellets between 
the separatrix and the pellet position at the ELM onset can be calculated and it was found to 
be in the order of 100µs. If the elapsed time after the previous ELM is greater than 5ms - that 
is the plasma had enough time to recover after the previous ELM collapse -, these T 
flight/delay times seem to be constant. The values averaged over several pellets can be seen 
on Figure 14. as a function of the inverse pellet velocity. Error bars indicate the standard error 
of the mean value. It was found that at a higher pellet velocity the delay time is shorter 
therefore one can conclude that at least a part of this delay time is the flight time of the pellet. 
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To estimate the range of the ELM 
"trigger location", as a hypothesis we 
assumed that the perturbation of the 
plasma caused by the pellet can develop 
into an ELM if the pellet reaches a 
certain position, probably in the pedestal 
of the plasma. At this position an 
instability is triggered and after a certain 
t time determined by the spread of the 
perturbation and/or by the growth rate of 
the instability, an ELM is released. As 
the pellet is a moving object, we expect 
that the time delay T (flight time) 
between the time when the pellet crossed 
the separatrix and the detected ELM 
onset to be T=d/v+t, where d is the 

distance of the "trigger location" from the separatrix, v is the pellet velocity and t is the ELM 
growth time elapsed after the seed perturbation. Using the above determined averaged time 
delays, we estimated that t ~ 80µs and d=1.5cm along the pellet path. Additionally we can 
also state that the pellet triggers the ELM when only a minor part of its mass is ablated in the 
plasma. 

High frequency Leidenfrost pellet injector development 

The results of the ELM pace making and mitigation measurements showed that the 
ASDEX Upgrade pellet centrifuge is not well suited for these experiments: pellets are 
oversized causing a mild plasma confinement reduction, the pellet injection frequency 
available is too low and probably LFS injection is favourable for ELM triggering. To solve 
these problems the development of a new Leidenfrost gun type pellet injector began a few 
years ago. The main work was done by the IPP but KFKI-RMKI has contributed to the 
development and characterization of the gun by developing and operating different 
diagnostics and gun parts. In 2005 the Leidenfrost gun development has reached the status 
that it was ready to be installed on ASDEX Upgrade which is foreseen in 2006.   

Figure 14. The mean values of the flight/delay 
times (for elapsed time longer than 5ms) as a 

function of the inverse pellet velocity. 
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High field side pellet ablation database development 

In 2004 a project has started to 
develop a database at the ASDEX 
Upgrade tokamak containing the 
decisive experimental parameters 
describing the pellet-plasma 
interaction for High Field Side (HFS) 
pellet injection experiments with the 
aim to complete the already existing 
international Low Field Side database 
(IPADBASE). A year later the 
database almost doubled its size, and 
it is at the moment the richest of its 
kind internationally regarding the 
HFS injections, the main fueling 
scenario foreseen to be established at 
the ITER as well. Pellet and the 
corresponding plasma data has been 
added concerning the 2004/2005 
campaign extending some of the 
needed parameter regime. 
Furthermore data has been added 
from the Tore Supra tokamak in 
Cadarache, where HFS pellet 
injection was carried out from two 
different injection points since 2004 
producing pellet ablation data being 
of interest for the database. The 
difference in the operating regimes of 
the two tokamaks makes the data 
important in the statistical analysis to 
follow based on the obtained 
improved dataset. Figure 15. shows 
the growth of the database for the 
main plasma- (electron temperature 
and density), and pellet-parameters 
(pellet velocity and mass).  

Based upon the database a statistical analysis is being performed first regarding the 
ASDEX Upgrade dataset alone to determine the statistically relevant parameters of the pellet 
ablation, and establish a scaling law on the pellet penetration depth, that would help us to 
predict the penetration depths for future tokamak experiments.  

Figure 15/a. The main plasma parameters (electron 
temperature and density) for the different datasets. 

Figure 15/b. The main pellet parameters (pellet 
velocity and mass) for the different datasets. 
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In the last years it has been shown that the most promising way of ELM mitigation is 
done by frequent injection of small deuterium ice pieces in fusion plasmas. The simulation of 
the pellet ablation process is helpful in understanding how the pellet vaporizes in shots where 
ELMs were triggered.  

Studies were done for ASDEX Upgrade standard ELMy H-mode shots. One of the 
representative shots is #20043 which has been analyzed in detail both experimentally and by 
simulations. To perform simulations the electron density and electron temperature profiles 
were assumed to be similar as in the shots #20037 and #20113. 

 

 

As the temperature is the 
leading parameter which 
determines the ablation 
process, the electron 
temperature profile along the 
pellet path and the accordingly 
calculated ablation rate are 
shown in Figure 16. for shot 
#20043. In this shot the ELMs 
were triggered by pellets with 
a radius of 0.66 mm and a 
velocity of 600 m/s.  

The pellet monitor 
signal (Hα radiation emitted 
by the pellet cloud) for each 
pellet event in one shot has 
been averaged to compare the 
results of the calculations with 
the experiments.   

One of the most interesting issues regarding the atomic processes in the pellet cloud is 
the understanding of the radiation of the pellet cloud. By doping a hydrogen pellet with 
strongly radiating element like carbon, the total radiation can be enhanced increasing the 
perturbation caused to the plasma. For this purpose a theoretical study of the radiation carbon 
doped deuterium pellets has been done. A new module describing the physics of both 

Figure 16. The calculated ablation rate (red) and the 
corresponding plasma electron temperature (green) along the 

pellet path as a function of the distance from the separatrix and 
as a function of the normalised poloidal flux coordinate (rho 
poloidal). The pellet monitor signal is plotted in blue for shot 

#20043 (velocity 600 m/s). 
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hydrogen and carbon radiation based on the ADAS data has been implemented in the pellet 
code.  

Let us suppose that a pellet 
of 0.6 mm radius and 1000 m/s 
velocity is injected into the 
plasma. The local electron 
temperature is 1600 eV and the 
local electron density is 2·1019 
1/m3 at the position which the 
pellet crosses and the calculation 
is performed. The toroidal 
distribution of the radiated power 
density of the cloud at this 
location is shown in Figure 17. It 
can be seen that the radiated 
power density of already 1 per 
cent of carbon exceeds the 
radiated power density of the 
deuterium.  

  
 

Figure 17. The radiated power density of deuterium (red) 
and carbon (blue) for a pellet having 0.6 mm radius and 
1% carbon content. The ambient plasma parameters are: 

electron temperature 1600 eV, electron density 2·1019 1/m3. 
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What are zonal flows? 

From theoretical point of view drift wave (DW) turbulence consists of unstable 
potential modes (k, ϖ )_, with ⊥⊥ >><< Lkk /1||  , and ciΩ<<ϖ , where (||, ⊥ ) denote 

directions with respect to the confining magnetic field, ⊥L is the perpendicular macroscopic 

size of the system and ciΩ  is the ion cyclotron frequency. The free energy sources of DW 

instability are the gradients of macroscopic profiles (density, temperature etc.). The 
’equilibrium’ spectrum of the fully developed DW turbulence can be unstable in the presence 

of random shear flows or zonal flows (ZF) which are potential modes with ( φθ kkkr ,, ) = 

( 0,0,rk ). The effect of shearing can be described as a diffusion of the DW radial wave 
number in k - space. In order to conserve drift wave action density, the increase of DW radial 
wave number causes a decrease in DW energy and as the energy of the zonal flow-drift wave 
system must be conserved, a zonal flow growth will arise. It has to be noted that the excitation 
of ZF modes - mediated by the radial gradient of the DW turbulent Reynolds stress – is 
completely nonlinear, nevertheless generic process in 2D turbulence named ’inverse cascade’. 

The appearance of ZFs and its effect on 
regulating turbulent transport were first 
observed in numerical simulations at 
fluid, gyro-fluid and gyro-kinetic 
levels. 

Experimental set-up  

Fluctuation measurements have 
been done in the edge plasma of 
Ohmic-heated discharges in the 
CASTOR tokamak ( R = 0,4 m,  a = 8,5 
cm, Bt  <  1,5 T, Ip  <  25 kA, Tshot  <  
50 ms, ne = (0,2 – 0,3). 1019 m-3, Te ~ 
200 eV), using two rake probes, as 
shown in Figure 18. 

If we assume as usual that the 
temperature fluctuations are negligible, using the tip-arrangement described above, we are 
able to measure at the same radial position the radial electric field fluctuations and the density 
fluctuations. 

Figure 18. Experimental set–up. Tips of rake – 
probes are spaced by 2,5 mm, and operated 

alternatively in floating potential and ion saturation 
current mode 
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Correlation – analysis  

From direct measurement of the ion saturation current sampled at 1 MHz sampling rate 
fluctuations we can estimate the autocorrelation function of the density fluctuations. The total 
fluctuating signal of about 15 ms – after an appropriate detrending procedure – was divided 
into 100 µs long sections. These are about 10 times longer than the approximately 10 µs 
observed autocorrelation time. The autocorrelation function was calculated for each section.  

Widths (Wacf) of these autocorrelation functions are proportional to the poloidal flow 
velocity in case, when 
life time of fluctuating 
structures in the flow 
velocity is longer then 
the poloidal transit time. 
We have controlled 
validity of this 
assumption by 

additional 
measurements, and we 
have found, assumption 
is fulfilled in CASTOR 
tokamak. 

Correlation 
analysis of Wacf (t) 
signals from Langmuire-
probes operated in ion 
saturation current mode 

shows 20 % RMS amplitude modulations in the poloidal flow. These modulations are present 
near to LCFS, when plasma column is centered in the vessel.  

From detailed spatio-temporal analysis of Wacf (t) signals, see Figure 19. we can study 
properties of modulations in poloidal flow velocity. 

Figure 19. clearly shows structures in poloidal flow modulations with life time ~ 1 ms 
and with radial size ~ 1cm. These structures are highly correlated (~ 60%) in poloidal 
direction, as one can see on Figure 19/b. These properties suggest, structures found in 
poloidal flow can be identified as random zonal flows described in theory. 

Connection between zonal flows and Reynolds-stress 

From theoretical investigation it follows that 
zonal flows are generated via critical gradient of 
Reynolds -stress. We designed a new probe to 
measure connection between Reynolds-stress and 
generation of zonal flows. First test measurements 
with this new probe show that we are able to 
measure radial profile of Reynolds-stress with high 
temporal resolution (1 µs).  

 
Figure 20. Photo of Reynolds – stress 
probe (Temporal resolution is 1 µs). 

 

 

 
 

Figure 19. Space-time correlation structure of ZF-s. 
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Transient changes in the value and fluctuation amplitude of various plasma parameters 
have long been observed in Wendelstein 7-AS measurements. In 2005 various measurements 
were correlated and their relevance to plasma transport was studied. 

As a first step transients in the electron 
temperature were studied using the Electron 
Cyclotron Resonance (ECE) diagnostic. This 
can detect changes in the electron temperature 
in the horizontal midplane both on the Low 
Field Side (LFS, outside) and High Field Side 
(HFS, inside) of the torus. The temporal 
resolution (>0.5 ms) of the diagnostic does 
not allow the study of turbulence, but profile 
changes can be followed. Deviations from the 
temporal average were analysed in terms of 
correlation functions, an example is shown in 
Figure 21. Similar results can be obtained in 
almost all discharges, with different spatial 

extensions. At the plasma edge anticorrelated 
modulations are seen, which appear in a 
correlated way at the LFS and HFS. The 

maximum correlation between LFS and HFS appears always at the same temperature, 
therefore modulations are bound to flux surfaces. In some cases inward heat diffuson-like 
structures can also be seen. 

The correlation between the above temperature transients and MHD modes was 
detected by correlating ECE signals with the calculated temporal evolution of the RMS 
fluctuation power in magnetic pick-up coil (Mirnov coil) signals. A typical example is shown 
in Figure 22. The temperature flattening seen in the ECE measurement temporally coincides 
with an increase of the magnetic fluctuations. Earlier analyses (see e.g. Association/HAS 

HFS 

LFS 
Profile 
flattening 

HFS-
LFS 
correlati
on 

Inward 
heat 
diffusion 

Figure 21. Typical spatio temporal 
correlation function of electron temperature 

profile changes relative to r=6 cm on the 
LFS. 
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yearbook 2002/2003) revealed, 
that these magnetic fluctuations 
are the result of MHD waves 
with a typical poloidal mode 
number (m) equal to the inverse 
of the rotational transform (q): 
m=q. At the plasma edge the 
density fluctuation associated 
with these waves was well seen 
by the Li-beam diagnostic. 

The RMS amplitude of 
Mirnov signals was also used as 
a reference to check the 
correlation to other 
measurements. As it has already 
been found previously the 

small-scale (k~15cm-1) density 
fluctuation amplitude also 
shows a modulation correlated 
with this signal. A detailed 
analysis revealed, that the 
modulation occurs completely 

correlated on the top and bottom of the plasma therefore is is most probably a poloidally 
symmetric change. Density profile changes at the plasma edge were correlated with the 
Mirnov signal amplitude using the Li-beam diagnostic. An increase at the edge was detected, 
similarly to the temperature profile change. 

The occurrence and amplitude of the above characterized transients were analyzed using 
the ECE measurement in different plasma discharges and confinement transitions. It was 
found than at the L-H transition the amplitude of them drops considerably, but they never 
disappear completely. Considerable changes during other confinement changes are also seen, 
but the clear causal relationship between confinement quality and transients could not be 
proven. 

Different theoretical explanations for the above behavior were considered. The non-
oscillating flattening of the electron temperature profile clearly shows that heat is transported 
accross the magnetic field during these transients. The poloidally symmetric modulation of 
the small-scale density fluctuation might indicate the shear decorrelation effect of poloidally 
symmetric zonal flows, but this marked poloidaly symmetry is in contradiction with the 
appearance of  relatively low poloidal mode number MHD waves, as zonal flows are not 
expected to have a density fluctuation component. A possible explanation might involve heat 
conduction between magnetic flux surfaces by filaments recently seen in tokamaks during 
ELMs. The MHD waves could be excited by the involved poloidal asymmetry, the alignment 
of the filaments along the magnetic field ensures m=q. The enhanced poloidally symmetric 
increase of the small-scale density fluctuation would be a result of the equilibration of the 
plasma parameters along the flux surfaces. 

Correlated drop deeper 
in plasma:  
      profile flattening 

Te increases at edge when 
MHD mode appears 

Figure 22. Correlation between the RMS fluctuation 
amplitude of a Mirnov coil signal and all ECE signals. The 

temperature flattens when the MHD activity increases. 
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In 2005 the design of the Wendelstein 7-X video diagnostics started. This diagnostics is 
devoted to observe plasma and first wall elements during operation, to give warning in case of 
hot spots and dangerous heat load and to give information on plasma size, position, edge 
structure, the geometry and location of magnetic islands and distribution of impurities. 

The video diagnostics will be mounted on the Q-ports of the torus that are not straight 
and have about 2m length and a typical diameter of 0.12m (see Figure 23.) The development 
can clearly be separated into four tasks: design of the optical setup, mechanical design of the 
mechanism which holds and transports the components inside the port, camera development 
and assessment of the radiation damage of the system components. 

 

 
Figure 23. Schematical of  the W7-X  vacuum vessel, outer vessel (one segment) and two Q-ports 

(marked with red). The two lower figures show the concept of the vehicle that transports and holds the 
diagnostic components. 
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The first concept of the transport mechanism is being elaborated. In this first approach 
the diagnostic components will be transported by a vehicle rolling on wheels (see Figure 23.). 
The wheels are pushed against the wall of the port with springs. The vehicle will carry the 
whole instrument and the cables and will be locked at the plasma end of the port near the first 
window. As these ports are independent of the plasma vessel, the device should be loaded 
from the outer vessel end, and during operation the ports will be under vacuum condition. 

In 2005, the functions and the characteristics of the camera to be developed was 
defined. Our aim is a camera that uses high speed and high resolution CMOS sensor which 
stores the full frames at a frequency of about 500Hz and smaller Region of Interests at 
proportionately higher frequency. Internal/hardware image processing capabilities will also be 
developed, because we aim not only to capture the images, but also to filter and evaluate the 
data in real time: the camera will have certain intelligence and will perform evaluation of the 
images and create calculated hardware outputs e.g. for emergency alert. Optical link will 
connect the camera head which contains only the minimal electronics (to minimize the 
radiation damage risk) to the host computer. These details of the camera are under 
development. 
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Spectroscopy of laser-produced plasmas  

The upgrading of the KrF laser system of the Szeged University is to be finished by the 
middle of 2006. The present 15mJ energy of the 600fs laser pulse is to be increased ~4 times 
by using an additional amplifier. A new spatial filter will improve the (spatial) contrast of the 
laser beam in the same time. Experiments in our joint HILL laboratory have been continued 
with the old system in the last year.  

Our interest turned from high-harmonics generation toward spectroscopic investigation 
of laser-plasma produced by ultra short laser pulses, namely heating of the dense matter by 
fast electrons (isochoric heating, which is important at the fast ignitor scheme of inertial 
confinement fusion) and electron heat conduction. We built a von Hamos crytal spectrometer 
using a cylindrically bent PET crystal. We used phosphor-coated CMOS detectors covering 
the spectral range from 1.45 to 2 keV. Using electronic detection is an important step-forward 
in this spectral range, where even now mainly film detectors are used. As the coating was 
mainly prepared for harder x-rays, detector sensitivity was checked using different x-ray 
sources (e.g. Fe and Al fluorescence for the 3 MeV proton beam of the van-de-Graaf 
accelerator of our institute). The results show that the sensitivity doesn’t drop significantly 
when reducing photon energy from 5 to 1.6 keV. Even in this case we needed more than 1000 
laser shots with 1.5*1017W/cm2 for obtaining an acceptable spectrum. Figure 24. illustrates 
the preliminary results. This Al spectrum shows the He-like Al11+ lines with a resolution of 
0.02 Å which can be compared with that of a film-spectrometer.  

 

  

Figure 24. Al spectra with CMOS (left) and film spectrometer (right). 
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It is hoped that in the near future a 
thinner phosphor coating and the higher 
laser power will allow us to improve the 
contrast and to carry out experiments on 
isochoric heating using layered targets. 
Although the keV spectral range is 
necessary for the investigation of 
isochoric heating, some preliminary 
results were obtained as a by-product of 
our harmonics experiments. Figure 25. 
shows harmonics spectrum from a 0.5µm 
thick C layer evaporated on a glass plate. 
Besides the harmonics and the C-lines 
from the recombining plasma (well after 
the laser pulse) spectral lines of multiple 
ionized Si can be observed, too, which is 
probably a consequence of heating by hot 
electrons which penetrate well beyond 
the ablation depth. The long wavelength 
and low resolution however does not give 
decisive evidence for it yet. 

An interesting spectroscopic 
experiment was carried out using 
lower, 1015 W/cm2 intensity using LiF 
targets. As Li has only 3 electrons, 
even low intensities allow the 
observation of K-shell spectra, as 
shown in Figure 26. between 10 and 
22 nm. Besides the strong He-like and 
H-like features a strong continuum is 
present as well.  

 

The Rydberg-series disappears in 
the continuum below the Lyman-α and 
Lyman-β lines. The continuum-
lowering allows one to calculate the 
ion-density, which corresponds to the 
critical electron-density assuming fully 
stripped plasma. Thus measuring the continuum lowering proved to be a usable method to 
determine the plasma density. In the same time this time-integrated spectrum shows that most 
of the radiation originates from the dense plasma during the laser pulse and not from the 
recombining low-density matter at later times. 

Figure 25. VUV spectrum of a C-layer evaporated 
on a glass plate. 

Figure 26. K-shell spectrum of Li 
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Nondestructive indication of plastic deformation of cold-rolled stainless steel by 

magnetic adaptive testing 

The objective of the work was the extension of potential power of magnetic hysteresis 
testing of ferromagnetic materials and the application of this method to concrete situations. 
The relationship between the magnetic hysteresis parameters and the structural changes 
occurring during mechanical loading of magnetic materials was investigated and analysed. 
The basic experimental tool was the measurement of the series of hysteresis loops by the 
special device, developed by us. The basic theoretical tool was the special analytical method 
based on appropriate original modification of Preisach model of the magnetisation process. 
The whole process is called as Magnetic Adaptive Testing (MAT). 

Austenitic stainless steel is a frequently used structural material in nuclear reactors. Any 
mechanical loading, distortion or ageing lead to appearance of ferromagnetic phase. Because 
of this, the method above is believed to be a useful and powerful tool in the nondestructive 
inspection of these materials. 

Cold-rolled austenitic stainless steel samples were investigated by this technique. The 
originally paramagnetic austenite specimens became more and more ferromagnetic, as a 
consequence of the applied cold-rolling. All austenitic stainless steels are paramagnetic in the 
annealed, fully austenitic condition, and the only magnetic phase, which can be induced (e.g. 
by cold-rolling) in the low carbon austenitic stainless steels, is the bcc α′-martensite, which is 
highly ferromagnetic. This process can be followed easily by magnetic measurements. 

Magnetic adaptive testing offers different matrixes, which contains a lot of data about 
magnetic characteristics of the samples. All the descriptors, which were evaluated by MAT 
were useful to characterize the difference between samples. Very similar dependence of the 
magnetic parameters (matrix elements) as a function of plastic deformation was obtained from 
all matrices, compared with the independent major loop measurements. The optimal choice of 
matrix parameters (sensitivity and reliability) should be done by taking into account the actual 
properties of samples. 

Another advantageous and independent outcome of the tested method is the 
confirmation, that without magnetic saturation of the samples, measuring a series of minor 
loops and performing the magnetic adaptive testing method on the obtained data-pool, reliable 
and very sensitive parameters can be determined. Moreover, the relative measurement can be 
done with a ferromagnetic yoke attached to the sample, and the yoke does not even have to be 
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large and very special. The method does not give absolute values of the traditional magnetic 
quantities, because of the non-uniform magnetic circuit and of the not-reached magnetic 
saturation, but evidently it is able to serve as a powerful tool for comparative measurements, 

and for detection of changes, which 
occur in structure of the inspected 
samples during their lifetime or 
during a period of their heavy-duty 
existence. 

As an illustration, Figure 27. 
shows a set of MAT descriptors 
(normalized hysteresis matrix 
elements) as a function of the 
plastic strain for a series of cold 
rolled austenitic stainless steel 
samples. 
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Figure 27. Degradation functions obtained 
by Magnetic Adaptive Testing as functions 
of the plastic strain, measured on a series 

of cold rolled austenitic stainless steel 
samples. 
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RECONSTITUTION TECHNOLOGY FOR EUROFER 

F. Gillemot, E. Houndeffo, M. Horváth, G. Uri 

MTA KFKI Atomic Energy Research Institute, Budapest 

Objective: Fracture toughness testing requires several specimens (min. 8). Sometimes 
the available quantity of the material is limited (Euferr is produced in small heats only). In 
case of testing of irradiated materials the irradiation volume is limited. To reduce the used 
amount of material and reduce the quantity of the radioactive waste the so called reconstituted 
specimens are applied in some nuclear laboratories. The purpose of the task is to extend the 
technology for Eurofer specimens. 

Results: Reconstituted fracture toughness specimen with a cross section of 5*10 mm-s 
is produced from the remnants of similar size specimens. The weld quality is adequate, the 
heat affected zone is only 1.5-2 mm wide (see Figure 28.). Hardness, tensile and fatigue 
testing proved that the reconstituted specimens are equal with the original ones. Figure 29. 
shows the tensile testing of two welds. Both specimens are necked far from the weld in the 
middle of the specimen, showing that the weld is not the weakest zone of the reconstituted 
specimen. Figure 30. shows samples after welding. 

 

   

 

 

 

Methods: The impact testing induced 
deformed zones in the original samples were 
removed, and two new additional parts were 
welded to the ends. After machining two or more 
new specimens can be obtained from the 
remnants original sample. AEKI uses the so-
called stud welding method for welding, and 
developed the technology and the tools to weld 
irradiated specimen. After welding the specimens 
are machined to achieve the original Charpy size. 
In case of irradiated specimens the machining is 
executed in a semi-hot cell using numerical 
controlled milling machine. 

Figure 28. The cross section of welded joint of reconstituted Charpy specimen with the 
imprints (diameter:0,1 mm) of the hardness testing in the heat affected zone. 

Figure 29. Location of contraction on welded 
tensile specimens. 
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Remaining work: 

• Further development of the devices 
and tools used for welding and 
machining 

• Reducing the preparation time of 
procedure 

• Increase the reliability of the welding 
process. 

 

 

 

 

Figure 30. Reconstituted specimens after 
welding 
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JET ACTIVITIES 

In 2005 the shutdown of JET lasted until the end of the year, therefore no measurements 
were done. Voluntary development work have been done throughout the year in connection 
with neutral diagnostic beam laboratory development: components for the duplicate of the 
JET Lithium beam (currently installed in the IPP-Garching Li-beam laboratory) were 
manufactured and the new ion source was tested. 

In summer 2005 two proposals were submitted by the Association to EFDA for the 
second phase of the JET diagnostic development (JET-EP2): upgrade of the Li-beam 
diagnostic and installation of a wide-angle fast camera for pellet and turbulence observation. 
In the first proposal Association-HAS became project leader with the participation of 
Association-IPP. In the second project Association CIEMAT became project leader, HAS and 
IST are participants. The interest of Association-HAS in this latter project is mostly the 
application of the camera for pellet measurements. (Similarly to the pellet diagnostic 
developed for ASDEX Upgrade.) 

The teams of these projects were established in October-November and some 
preparatory work started in 2005, although the contract will be signed only in 2006.  
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ITER ACTIVITIES 

A consortium was established in 2005 for the development of new technologies for 
nuclear power generation, both fission and fusion, consisting of the following entities: the 
KFKI Research Institute for Particle and Nuclear Physics (KFKI RMKI, consortium leader), 
the KFKI Atomic Energy Research Institute (KFKI AEKI), the Institute for Nuclear 
Techniques (BME-NTI) and the Department of Applied Mechanics (BME-MM) of the 
Budapest University of Technology and Economics. The consortium submitted a grant 
application to the National Office for Research and Technology and won 450 million HUF 
support for research for 3 years, starting in September 2005. About half of this support is 
devoted to fusion development. Part of this grant was used to start ITER and DEMO 
development work in collaboration with Forschungszentrum Karlsruhe: 

 

DEMO blanket maintenance scheme development 

ITER Tritium Breeder Module (TBM) integration 

ITER TBM test Helium cooling loop development (HELOKA) 

Flow simulations for the ITER TBM 

Activation database for materials 

Molecular dynamics calculation for irradiation damage in Beryllium 

 

In 2005 these studies were supported exclusively from the above grant, no EURATOM 
or EFDA support was available, except of mobility. It is hoped that in the coming years these 
new research directions will receive considerable funding from EFDA and ITER. The major 
achievement in 2005 was the establishment of a 10-strong fusion engineering group in the 
consortium and the purchase of CATIA and ANSYS workstations and licenses. Below a 
report on two topics is presented, which have achieved considerable advancement in 2005. 

Additionally to the above developments a design study has been finished for the ITER 
bolometer array diagnostic. This work was supported by an EFDA Art.5.1.b contract and it is 
reported in that section. 
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DEMO BLANKET MAINTENANCE 

D. Nagy, T. Ihli, S. Hermsmeyer 

KFKI-RMKI 

Collaboration: Forschungszentrum Karlsruhe (FZK) 
Contact E-mail: daniel.nagy@rmki.kfki.hu 

The contribution of Association/HAS to the DEMO blanket maintenance design started 
in September 2004 and some of its results are summarized here. 

In a fusion power plant the tokamak is lined with blanket elements being the first 
structures to face the plasma. Unfortunately, the neutron bombardment damages steel, the 
structural material of the blanket therefore it must be replaced about every five years. During 
blanket replacement the reactor must be shut down, and depending on the blanket 
segmentation and applied maintenance scheme the operation can last from months to a whole 
year. From the above two figures (five years and 1 year), it is clear that blanket maintenance 
affects the availability of the reactor very much, which is a key characteristic to its 
economical operation and choosing the right blanket maintenance scheme therefore is a very 
important issue. 

The task of Association/HAS in this field was to help to examine or work out different 
remote handling machines that would handle differently segmented blanket elements. Two 
blanket segmentation concepts were worked on in more depth: 

ITER-like blanket segmentation (Figure 31.): the blanket is segmented toroidally and 
poloidally to roughly 350 rectangular elements, with a weight limit of 10 t for each, and above 
these – for the upper region – a number of specially shaped elements. 

Corresponding maintenance scheme: the rectangular elements are to be exchanged 
through the 4 equatorial ports, while the upper blanket elements through the upper ports. The 
task of Association/HAS was the examination of the machine that handles the rectangular 
shaped elements, and for this purpose the adaptation of the ITER remote handling (RH) 
machine was initiated. The machine can be seen on Figure 31. For element exchange and 
installation only the 4 equatorial ports must be opened. The rail segments are inserted through 
these openings and assembled inside the vessel to form a full circle along the major radius of 
the tokamak and is supported from the four equatorial ports. Four manipulators with 
telescopic arms are operating on the rail, each responsible for a 90 degree section of the rail. 
The manipulators deal with the mechanical connections and transport and exchange the 
elements through the ports.  

MMS (Multi-Module Segments) (Figure 32.): several blanket elements are fixed to a 
strong vertical manifold structure by a flexible attachment system forming a maximum 150 
ton “banana” element. This is a preassembled MMS. It is then inserted into the tokamak. 
Poloidally an MMS is segmented to only an inboard and an outboard element. There are 
altogether 54 MMS to replace. 

Corresponding maintenance scheme: for MMS insertion 2 vertical ports could be used 
180 degrees apart, the 2 in-vessel handling machine is inserted through the lower ports. An 
MMS is transported in cask with an overhead crane and then – through the vertical ports – 
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lowered into the tokamak. Then it is placed onto the in-vessel handling machine. This 
machine sits on the divertor rails and transports the MMS toroidally until it could be inserted 
to its place. Removal is the same in the opposite direction. 

The MMS segmentation appears to be preferable as it means much less elements, and that 
means shorter maintenance time and reduced number of cuts/welds (coolant pipes) to be 
performed. Disadvantage, though, is the very heavy MMS, and the fact that during 
unscheduled maintenance 3-9 other MMS must be removed to replace a single faulty MMS.  

 The maintenance machine for MMS seems feasible, simple and robust, while the RH 
machine for the ITER-like segmentation is quite complicated and heavy, although its great 
advantage is that the divertor need not be removed for blanket maintenance. 

 
Figure 31. ITER blanket segmentation and remote handling concept in DEMO conditions. 

 

 
Figure 32. MMS blanket segmentation and corresponding remote handling concept built in 

DEMO 
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ITER TBM INTEGRATION 

O. Bede 

KFKI-RMKI 

Collaboration: Forschungszentrum Karlsruhe (FZK) 
Contact E-mail:otto.bede@rmki.kfki.hu 

Association/HAS contributes to the ITER design activities in the field of Test Blanket 
Module (TBM) Integration. Four different Helium Cooled Pebble Bed tritium breeder TBMs 
will be used in ITER. The aim is to test different tritium breeding concepts for the DEMO 
reactor. Outer shape and contact parts of TBMs will be the same. This will enable us to 
exchange them. The exchange of the different TBMs requires a remote handling system. 
TBM will be installed into a port plug, the supplier system and the equipment are placed 
behind it. The remote handling system will cut and weld the supplier pipes near the back 
surface of the port plug. The task is to design the remote handling system. 

The first step was to define all of the handling procedures. After the inspection of the 
environment, and supplier pipe arrangement and clarifying the requirements the conceptual 
design of the system elements has been started. The approach of the operation place only 
available through an 1m x 1m narrow door on the bioshield. This door limits the dimensions 
of the whole system and its tools. The relative high deformations and shakes during the 
plasma operation the supplier pipes have to be flexible. Consequently before welding the 
pipe, ends will not match without a support tool which can eliminate the hanging, position 
and pull the pipes to each other. This kind of tool is not available on the market, so it has been 

designed on a 
conceptual level, Figure 
33. 

The welding will 
be made by orbital 
welding tool. The 
market offers wide 
range of orbital welding 
tools in three categories. 
The ideal category and 
two adequate types of 
two different 
manufacturers were 
selected. These welding 
tools can work in the 
place which is free 
between the clamps of 
the pipe puller tool. 

 

Figure 33. Pneumatic pipe puller tool. Conceptual design 
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EFDA ART. 5.1.A. CONTRACTS 

TW5-TTMS-005: MASTERCURVE APPLICATION FOR EUROFER 

F. Gillemot, M. Horváth, L. Tatár, G. Uri 

MTA KFKI Atomic Energy Research Institute 

Contact E-mail:gillemot@sunserv.kfki.hu 

Objective: Fracture toughness testing requires large size specimens to get valid material 
characteristic values, especially on elevated temperatures, where the nuclear and fusion 
equipments are operated. In the VTT institute (Finland) Dr. K. Wallin elaborated recently a 
semi empirical testing method to use small size specimens. The method now is used in the 
nuclear research and standardized in US (ASTM E-1921). The base of the method is to test 
the specimen on low temperature to get cleavage fracture and extrapolate the results to high 
temperature and larger size specimens. This method is validated only for low alloyed nuclear 
reactor wall materials with ferrite-perlite microstructure. Fusion research has shown that in 
certain temperature range the method can be applied for ferrite-martensitic type 9% Cr steels 

e.g. for Eurofer. The task is to study the 
limitations of the Master Curve method 
on it. 

Results: The results obtained until 
now have shown that relatively small 
size specimen (10*5*55 mm –half 
Charpy size) can be used with the 
Master Curve method to evaluate the 
fracture toughness trend curve of 
Eurofer. Such results are shown on 
Figure 34. 

Methods: Half Charpy size 
specimens are cut from Eurofer. The 
specimens have been notched and 
prefatigued until the crack initiated at 
the notch tip reached the half thickness 
of the specimen. Special attention was 
made not to get large plastic 
deformation at the propagating crack 

tip. The tests performed according to the ASTM 1921 requirements. Three point bend testing 
is made on a 100 kN capacity electromechanical tensile testing machine. The applied 
temperature range is 150-250 °K. To keep the specimen temperature constant the testing (it 
lasts several minutes) is performed in liquid media cooled by vapour of liquid nitrogen  

Remaining work: Further study is planned to determine the Master Curve testing 
temperature range for Eurofer, and to extend the use for irradiated state.  

Figure 34. Master curve of unirradiated Eurofer 97. 
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EFDA ART. 5.1.B. CONTRACTS 

TW3-TPDS-DIASUP: ITER BOLOMETER PERFORMANCE 

ANALYSIS 

S. Kalvin 

KFKI-RMKI 

Contact E-mail: kalvin@rmki.kfki.hu 

Association/HAS contributes to ITER design activities via an EFDA Art.5.1.b contract in the 
field of tomographic studies for the ITER bolometry diagnostic. The aim of this project is to 
assess the reconstruction capabilities of the bolometer system and optimize the Line of Sight 
(LOS) and camera arrangement. 
 
The bolometer system is an indispensable diagnostic for ITER. The measured total radiation 
can be used to control the plasma namely the amount and distribution of the radiation power. 
This is important to control detachment of the plasma and this way limits the heat load onto 
the divertor tiles. The measurement of the two dimensional radiation profile would also be 
important to validate theoretical models. The determination of the radiation profile requires 
full tomographic reconstruction. Although the possible bolometer-camera locations are fixed, 
the number of lines of sight and the angular spread should be optimized. Detailed objective 
performance analysis of the proposed line of sight arrangement is also needed. The following 
problems which emerge in the analysis of ITER radiation profile were solved: 
- The reconstruction of the whole bulk and divertor radiation in a single step failed because 
the emissivity in the bulk plasma and the divertor chamber are very much different. For the 
lines which view the divertor through the bulk plasma a small error in the divertor radiation 
will cause large variation in the bulk reconstructed radiation profile. 
The proposed line of sight arrangement enables us to separate the reconstruction partially. 
As a first step the bulk radiation was reconstructed excluding the LOS which sees the highly 
radiating (divertor) region. The result of this reconstruction is used for correcting the 
measured signals of the channels which look into the divertor through the bulk plasma: 
Therefore in the next step all lines of sight can be used for reconstructing the radiation of the 
divertor chamber with reasonable accuracy. 
- A significant part of the radiated power loss is carried by the neutrals. To understand the 
physical processes in the divertor region and control the plasma it is important to estimate the 
ratio of the power-loss carried by electromagnetic radiation to the power-loss carried by 
neutral particles produced by charge exchange processes. The divertor bolometers measure 
the CX neutral energy flux in addition to the electromagnetic flux, whereas other bolometers 
are shielded by the bulk plasma and measure only the electromagnetic contribution. 
Comparison of the in-divertor and ex-divertor bolometer measurements gives estimates of the 
CX-neutrals energy flux. The “comparison” can be built into the tomographic reconstruction 
algorithm.  
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The conclusions of the study are the following: 
 

• For reconstruction of the ITER radiation profile the series-expansion 
constrained optimisation tomography method was optimized for the ITER 
case. The prior information which used for compensating the insufficient 
number of lines of sight was the anisotropic smoothness on flux surfaces. 

• It has been demonstrated that the reconstruction of the divertor radiation is 
reasonably good using all proposed lines of sight. The assessment of the 
CX-neutral contribution is also acceptable. The coverage of the bulk plasma 
is sufficiently good with the lines of sight viewing only the bulk plasma, 
therefore the reconstruction of the bulk radiation is reasonably good.  

• The good coverage of the bulk plasma with the proposed LOS arrangement 
can be made use of only if the noise/error of these channels is sufficiently 
low. 

• The reconstruction with fewer lines of sight show that if channels are lost 
the reconstruction is still reasonable. On the basis of these simulations one 
should not conclude that one can use fewer lines of sight. It is likely that the 
number of lines of sight will be reduced by damage due to the hostile 
condition in the ITER vacuum vessel. If one starts with a reduced number of 
lines of sight and a significant number of the channels are lost one can not 
extract sufficient information from the measurements and can not determine 
the characteristics of the ITER plasma. 

• The divertor channels are absolutely necessary to get reasonable 
reconstruction on the divertor chamber. The importance of the inner vacuum 
wall channels is not clear without an exact statement on the requirements for 
the reconstruction quality, but when most of the divertor channels are lost 
the blanket cameras are necessary to extract information on the divertor 
chamber radiation. 
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Figure 35/a An example of the reconstructions of the divertor radiation in attached case. 
 
 

 
 
 

 
 

Figure 35/b An example of the reconstructions of the divertor radiation in detached case. 
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TW3-TPR-RPSUP: COORDINATION OF REMOTE PARTICIPATION 

P. Giese 

KFKI-RMKI 

Contact E-mail:giese@rmki.kfki.hu 
Contact Jabber ID:kfki_piroska_giese 

Coordination of Remote Participation 

The aim of this activity is to extend the Remote Participation (RP) co-ordination activity 
in key areas where the EFDA activities require support at a level sufficient to cover the needs 
of EFDA-JET, the Fusion Associations and elements of the EU’s design and R&D activities 
in relation to ITER. In order to provide a focus for the activity, it is the near and medium term 
aim to improve the RP tools available to EFDA JET and the Fusion Associations, while 
waiting for a clearer definition of the ITER needs to emerge. This approach ensures further 
development of RP capabilities within the EU fusion programme, which should allow it to 
respond to ITER requirements at an appropriate time. 

The task covers Remote Participation technical activities for: 

• Exploitation of the JET facilities under EFDA based on recommendations 
from the JET RP users; 

• Inter-Association collaborations, Support and Technical Development; 

• Collaborations among Associations, including other organizations involved 
in fusion research; 

• EU Activities within the ITER Framework. 

The activities are organised in the following technical topics: 

• Remote Data and Computer Access: 

• Networking: 

• Teleconferencing Infrastructure: 

• Documentation and User Facilities: 

• Remote Engineering Tools 

The work has been a collaborative effort of the two RP coordinators from the 
Associations EURATOM/HAS and Consorzio RFX, Associazione EURATOM-ENEA sulla 
fusione. The overwhelming part of the work has been conducted with the help of remote 
participation tools between the two main players, the laboratories, and other contacts. This 
continuous use of the tools that are themselves subject of the RP tasks has considerably 
contributed to identifying shortcomings and weaknesses of the tools themselves and has often 
served as test bed for new approaches or new tools. 

The working arrangement has been that many topics have been tackled jointly whereas 
some arguments have been conducted with a clear leadership by one of the two coordinators, 
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with the other one deputizing. HAS have dealt in particular with the “new” laboratories” 
whereas RFX has concentrated on the “old” laboratories. In addition the two labs 
concentrated on particular technical fields: 

HAS leads in Teleconferencing, in particular the teleconferencing working group and 
the teleconferencing survey. 

RFX leads in Multiple Site Data Access, in particular the EFDA Data Survey and 
dedicated a considerable effort to Instant Messaging (EFDA Messenger). 

Reports and Remote Participation Technical Contact (RPTC) documents are produced 
which are accessible only to those that have JETnet accounts on the UKAEA’s JET computer 
system. The documents can be found on the shared J drive at 
“J:\RP\Shared\RPTC_documents”. 

Contact with Non-EU Fusion Activities  

Participation in Conferences and seminars at non-EFDA labs were used to support the 
exchange of information and experience.  

The RP coordinators have kept in close informal contact with the activities of the US 
FusionGrid and with the Japanese fusion activities in particular with LHD/NIFS.  

Both RP coordinators actively participated in the 2005 Megaconference demonstration 
of H.323 multi-point videoconferencing.  

The RP coordinators were closely involved in the organization of the 5th IAEA 
Technical Meeting on Control, Data Acquisition, and Remote Participation for Fusion 
Research in Budapest, Hungary: P. Giese as the Chairperson of the Organization Committee, 
and V. Schmidt as Chairperson of the International Program Advisory Committee. 

 

Documents: 

 

• RPTC-180 EFDA Technology Contracts 03-1102 Report M3 “Status report 
of remote participation facilities in the Euratom Fusion Associations ÖAW, 
IPP.CR, HAS, University of Latvia, and MEC, and in the fusion 
programmes Bulgaria, Slovakia, Estonia and Slovenia”, January 2005 

• RPTC-181 EFDA Technology Contracts 03-1102 Report M4: ”Report on 
major tests of EFDA teleconferencing infrastructure in the Euratom Fusion 
Associations ÖAW, IPP.CR, HAS, University of Latvia, and MEC, and in 
the fusion programmes Bulgaria, Slovakia, Estonia and Slovenia” April 
2005 

• RPTC-0182 “EFDA Data and Computer Access Overview 2005” (Lab 
Summary, Data Source Summary) May 2005 

•  RPTC-0184: “EFDA Teleconferencing status overview 2005” June 2005 

• RPTC-0185 Associations teleconferencing infrastructure questionnaire – 
“new” labs, September 2005 

• RPTC-0188 EFDA Technology Contracts 03-1101 and 1102 Report M5 
“Final Report” 
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TW4-TRI-SUPAS1: STUDENT SURVEY 

Ö. Benedekfi, S. Zoletnik 

KFKI-RMKI 

Collaboration: EFDA PR Management 
Contact E-mail:benedekfi@rmki.kfki.hu 

Euratom Association HAS has carried out an EFDA Art 5.1.b. project entitled “Fusion 
Information for Students in the new EU countries”. The target groups of the project were 
classes of students (17-18 years old) in each of 5 new EU countries. The aims of the project 
were: 

• to provide a good level of information to a selected group of classes and 
receive a direct feedback on their opinion about fusion; 

• to receive feedback from this type of audience on the material developed for 
public information purposes with the aim of calibrating it for further use. 

• to compare the results of this investigation with the results of „Awareness of 
fusion in schools across Europe” socioeconomic research made by Euratom 
ENEA in 2003. 

The project comprised travelling to the 5 countries and giving lectures for the selected 
classes in English, distributing the chosen fusion materials to them and after a couple of 
weeks sending a questionnaire to them. After getting back the questionnaires the work 
included holding a workshop in our country, with participation of a couple of students and the 
teachers of the classes. The selected countries were: Czech Republic, Hungary, Latvia, Poland 
and Slovenia. The selected fusion materials were: a CD-ROM, a book on energy, 2 booklets 
and 3 fusion websites. Altogether 109 students were involved in the project. On the basis of 
the results a Final Report was compiled. The project was successfully finished by the end of 
December 2005 and accepted by EFDA. 
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TW5-TVM-LIP: TITANIUM FILES FOR ITER MATERIAL 

PROPERTIES HANDBOOK 

F. Gillemot,  

ASI 

Contact E-mail:gillemot@sunserv.kfki.hu 

Objective: An international team has been organized by EFDA to solve the material 
problems for ITER. The team-leaders are V. Barabash and A. Peacock from EFDA. The team 
collected the available data characterizing the mechanical and physical properties of the 
structural materials used for building the ITER vacuum vessel and the in vessel particles. The 
data have been evaluated and validated for database, and the ITER Material Properties 
Handbook has been prepared. The purpose of the handbook is to supply the necessary 
material properties for the designers, and for the nuclear authority. The task of Hungarian 
Association was to edit the files for Ti-6Al-4V alloy and to participate in the validation 
teamwork.  

Results: The physical and 
mechanical properties of mill-
annealed and irradiated Ti-6Al-
4V alloy have been collected and 
the MPH file sets are prepared. 
Equations have been fitted to the 
data in the function of the 
operating temperature. These 
equations help the designer to 
select the material data according 
to the operational conditions. As 
an example the ultimate tensile 
strength of Ti-6Al-4V in the 
function of the temperature is 
shown on Figure 36. 

Methods: Research report 
and relevant literature have been 
collected and evaluated. High 
quality relevant data are selected. 
Data published in graphical form 

have been digitized and loaded into databases. Polynomial fittings are used to describe the 
temperature dependence of the material properties. The effect of irradiation is considered 
according to the available data sets and according to the general nuclear experience. The draft 
of the files have been checked and discussed by the international ITER material team.  
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Figure 37. Divertor Cassette Showing Location 

of Gas Seals 

Gas seal 

TW4-TVM-GASLEAK: MEASUREMENT OF THE GAS 

PERMEATION THROUGH SEAL MATERIAL AND OUTGASSING 

MEASUREMENTS 

A. Horvath, Gy. Jákli, G.Nagy 

KFKI AEKI - Atomic Energy Research Institute 

Contact E-mail: nagyg@sunserv.kfki.hu 

Introduction 

The ITER divertor is designed to pump exhaust gases from the plasma into the sub-
divertor volume and from there the gas is pumped by the vessel pumping system. Calculations 
show that the existing gaps between the divertor cassettes, defined for mechanical and 
assembly reasons, need to be blocked to reduce gas backflow. One solution that is considered 
for the closure of these gaps is the use of flexible felt type materials based on Carbon Fibre, 
which allows sufficient compliance between the cassettes whilst at the same time closing the 
gap. The other type of material which is specified for the task is stainless steel mesh. The task 
continued this year with the leak tests of the stainless steel mesh. 

Objectives 

This task is aimed at measuring the gas 
permeability of the specified materials under 
the conditions of replicating the vacuum 
conditions in the ITER divertor (Figure 37.). 
In addition the out-gassing of the felt material 
should be known in the operating temperature 
range of the felt material as it affects the ITER 
pump down time and inter-pulse period. The 
Carbon Fibre felt materials have very high 
surface areas relative to their mass, and hence 
they have high out-gassing rates. Two types of 
Carbon Fibre materials were tested: KFA-10 
made of carbon and GFA-10 made of graphite fibres. The other type of material which is 
specified for the task is stainless steel mesh.  

Experiment 

Permeability of the seal materials is measured with constant gas volume and variable 
pressure. The gas permeation apparatus consists of a two-compartment-housing, a smaller gas 
container on the inlet (positive) side and a larger vacuum buffer on the outlet (negative) side. 
The vacuum pump is attached to the negative side of the apparatus. The pressure difference 
between the positive and negative side is measured by a capacitance type differential pressure 
transducer. The permeability is derived from the pressure difference as a function of time.  
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Figure 38. Cross section view of the test cell 
housing used in the gas permeability tests. 

According to the task requirements, the 
felt samples were tested in compressed state. 
The stainless steel mesh consisted of wires 
with a nominal diameter of 30µm and the open 
area of the mesh was about 34%. The total 
number of layers of the steel mesh used for the 
leak test was about 370.  

The gases used for the permeability test 
are H2 and He. The permeability tests were 
carried out at room temperature, but the 
apparatus were heated up to 100°C prior each 
run in order to remove the desorbed species 
from the walls. The pressure range in the tests 
was 1-10Pa. 

In our concept the gas flowed across the test cell and the seal material (Figure 38.), 
while the pressure difference is measured between the inlet and outlet. In this configuration 
the gas flow is not controlled, therefore the pressure decreases in time. The permeability is 
derived from the time derivative of the pressure.  

Results 

We have found earlier that the resistivity of the felt materials against H2 and He gases at 
these low pressures is rather low. The steel mesh had somewhat lower conductivity, and the 
final results can be formulated as 

∗
hteel400messtainlesssC  < 

∗
−10GFAC  < 

∗
−10KFAC  

where C* denotes the conductivity corrected for the different geometry of the seals under test. 
The actual surface of the felt materials (KFA-10 and GFA-10) were measured with BET 
(Brunauer-Emmett-Teller) method and it resulted in almost four times higher specific surface 
value for KFA-10 material. In other words the carbon based felt material has higher 
adsorption capacity than that made of graphite.  

Remaining work 

The task is completed, there is no remaining work left. 
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PUBLIC RELATIONS ACTIVITIES 

Ö. Benedekfi 

KFKI-RMKI 

Collaboration: EFDA PR Management 
Contact E-mail:benedekfi@rmki.kfki.hu 

In 2005 Association HAS executed the following PR activities: 

• The EFDA brochure „Cleaner energy for the future” was translated in 
Hungarian. 

• Press release was compiled and issued for press agencies, newspapers, 
online news portals TV and radio stations about ITER decision. Talks were 
organized in different radio shows about ITER decision with the head of 
association. 

• An article was written into a Hungarian science newspaper about ITER. 

• Association HAS participated on the expo and „Dinner Debate” organized 
by EFDA for MEP’s in the European Parliament. We invited the Hungarian 
MEP’s, helped to show the expo for visitors and had discussions with 
Hungarian MEP’s. 

• A multimedia CD was created by a Hungarian software company by the 
financial support of the Hungarian government for students about nuclear 
energy. Association HAS made the fusion part of the CD. The CD was sent 
to all the Hungarian secondary schools. 

• SUMTRAIC, the Czech-Hungarian experimental training course for 
students was organised in September 2005 for the third time. 

• Participation and PR activities were carried out during the "Sziget Fesztivál" 
a yearly one-week youth festival in Budapest in August of 2005 in 
collaboration with the Hungarian Nuclear Society. 

• English contents of the website of Euratom Association HAS were 
developed. 
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ANNEX 1. 

FINANCIAL INFORMATION 

 
 
 

Key account figures of Association/HAS in 2005 
 
 

  
EXPENDITURE 

(EUR) 

General Support   (20% EU contribution)       799 873 

  Physics 672 317 

  Underlying Technology 65 794   

  Inertial Fusion Energy 61 761  

JET Notification (EFDA Art. 6.3)   (20% EU contribution) 0 

JET Order   (100% EU +EFDA contribution) 0 

EFDA tasks Art. 5.1.b   (40% EU contribution)       132 495  

  
FU06-CT-2005-00020 
Fusion Information for Students in the New EU Countries 

       64 700  

 
FU06-CT-2004-00116 
Measurement of the Gas Permeation Through Seal Material and Outgassing 
Measurements 

 23 095 

 
FU06-CT-2003-00344 
Support to EFDA Remote Participation 

   44 700  

Technology Tasks EFDA  Art. 5.1.a   (20% EU contibution)    90 226  

   TW5-TTMI-003  Materials Properties Handbook for IFMIF. 12 892 

 TW5-TTMS-005  Master Curve Application.     45 882 

 TW5-TRP-008  Feasibility of Hydrogen Production by Fusion Power.     31 451  

Missions and secondements under the Agreement on Staff Mobility       215 897 

Secondments to CSU Culham        6 645  

 TOTAL 1 236 136 

Priority Actions   (Additional 20% EU contribution) 0 

Collaborative actions    (Additional 20% EU contribution) 500 000 



ANNEX 2. 

STAFF 

Structure and Composition of Research Unit 

KFKI-Research Institute for Particle and Nuclear Physics (KFKI-RMKI) 
 
Physics studies: 
 

Name Male/Female Profession  

Prof. J.S. Bakos∗ M researcher 
Dr. K. Gál F researcher 
Dr. P. Giese F researcher 
Dr. B. Kardon* M researcher 
Dr. S. Kálvin M researcher 
Dr. G. Kocsis  M researcher 
Dr. G. Petravich  M researcher 
Dr. G. Veres M researcher 
Dr. S. Zoletnik M researcher 
G. Bürger M Engineer 
M. Szulman M Engineer 
D. Nagy M Engineer 
O. Bede M Engineer 
S. Récsei M Engineer 
B. Mészáros M Engineer 
Á. Molnár M researcher 
G. Anda M Ph.D. student 
A. Bencze M Ph.D. student 
D. Dunai M Ph.D. student 
Ő. Benedekfi* M Physicist 
É. Belonohy F Ph.D. student 
T. Szepesi M Ph.D. student 
T. Nagy M Economist 
Zs. Simon F Technician 
F. Voczelka M Technician 
F. Nemoda M Technician 
S. Bató M Technician 

 
 
Keep in touch activity on inertial confinement: 
 

Dr. I. Földes M Researcher 
E. Rácz M Ph.D. student 
T. Suta* M Researcher 

 
 

                                                 
*Part time workers at KFKI-RMKI 
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Technical University Budapest (BME)  
 
Institute of Nuclear Technology 

 
Physics Studies: 
 

Dr. G. Pór M Researcher 
Dr. Cs. Sükösd M Researcher 
G. Pokol M Ph.D. student 
G. Papp M Graduate student 

 
 

Széchenyi Egyetem (SZE), Győr  

 
Physics Studies: 
 

M. Berta M Researcher 
 

 

Research Institute for Atomic Physics (AEKI) 
 
 
Underlying Technology and EFDA Technology Tasks: 
 
 

Mr. L. Tatar M Researcher 
Dr. A. Simonits M Researcher 
Dr. F. Gillemot M Researcher 
Mr. G. Uri  M Researcher 
Mr. A. Keresztúry M Researcher 
Dr. I. Tóth M Researcher 
Mr. L. Szikora M Researcher 
Mr.T. Máder M Researcher 
Ms. M. Horváth F Researcher 
Dr. Á. Horváth M Researcher 
Dr. G. Nagy M Researcher 
Mr. Z. Hózer M Researcher 
Mr. Gy. Ezsöl M Researcher 
Mr. T. Fekete M Researcher 
Dr. R. Schiller M Researcher 
Dr. G. Jancsó M Researcher 
Mr. Zs. Kerner M Researcher 
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Applied Structural Integrity LLc 

 
Technology: 
 

Dr. F. Gillemot M Researcher 
Dr. S. Pirfo F Researcher 

 

 

Research Institute of Technical Physics and Material Science (MFA) 

 
Underlying Technology: 
 

Dr. G. Vértesy M Researcher 
Dr. A. Gasparics M Researcher 
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ANNEX 3. 
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Technology Coordinator 

F. Gillemot 
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ANNEX 4. 

HUNGARIAN REPRESENTATIVES 

IN THE EUROPEAN COMMITTEES RELEVANT FOR FUSION 

R&D 

 

 

Consultative Committee for the EURATOM Specific Programme on Nuclear Energy 
Research, Fusion (CCE-FU) 

 
Dr. Á. Kovách (ATOMKI) 
Z. Lengyel (Hungarian Atomic Energy Authority) 
Dr. Cs. Sükösd (BME) 
 
 
 
EFDA Steering Committee 
 
Dr. S. Zoletnik (KFKI-RMKI, Budapest) 
 
 
 
EFDA Scientific and Technical Advisory Committee (STAC) 
 
Dr G. Petravich (KFKI-RMKI) 
Dr. F. Gillemot (AEKI) 
 
 
 
EFDA Administrative and Financial Advisory Committee (AFAC) 
 
Dr. B. Kardon (Hungarian Academy of Sciences) 
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