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ABSTRACT 

Textor is a technology oriented tokamak of Euratom at the Kern-

forschungsanlage Julich (KFA). Switzerland participates in its 

experimental program within the framework of the IEA agreement 

on Plasma Wall Interaction. A major task of EIR consists in the 

layout, construction and fabrication of a manipulator for the 

remote handling of up to 240 specimen candidate first wall 

materials. This operation has to be done without breaking the 

ultra high vacuum (UHV) and with wall temperatures up to 300 C. 

A great number of preexperiments involving different materials 

had to be carried out; the understanding of the tribology in 

ultra high vacuum could be improved. 

Zusammenfassung 

Die Assoziation EURATOM-Kernforschungsanlage Julich baut 

einen Tokamak (TEXTOR), der speziell fur Plasma/Wand Unter-

suchungen ausgelegt ist. 

Als Beitrag der Schweiz an dem Bau des TEXTOR ist das EIR 

(Eidgenossisches Institut fur Reaktorforschung) verantwortlich 

fur die Fertigung eines Probenmanipulators, der es erlaubt, 

ca. 240 Materialproben unter Ultrahochvakuum und bei Wand-

temperaturen bis zu 300 °C ein- und auszubauen. 

Verschiedene Versuche mu3Sten durchgefiihrt werden und die Tri-

bologie in einem Ultra Hoch Vakuum konnte besser verstanden 

werden. 
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INTRODUCTION 

The Plasma Wall Interactions from a major problem for all 

magnetic fusion devices for the following two reasons: 

- The life time of a fusion reactor first wall is, beside 

other effects like radiation damage, largely dominated by 

the erosion rate. 

- Impurities consisting of heavy ions lead to enhanced radiation 

losses and influence thereby the plasma behaviour. 

The TEXTOR tokamak has been designed for the systematic study 

of plasma wall interaction, in particular for the technology of 

wall materials. (Figure 1). A double-wall structure has been 

chosen. The innermost wall, called the liner, directly faces the 

plasma, whereas an outer second wall provides the vacuum 

boundary . The inner wall has a thickness of 1 mm providing 

the necessary electrical resistance for heating it up to 600 C. 

This liner provides the physical support for the experiments 

Photograph of the EIR-Manipulator being tested at EIR 

Wurenlingen in early 1983. 
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Fig. 1 Photograph of the TEXTOR tokamak at KFA Jiilich 

and is fitted with 40 cups distributed on three different 

poloidal circumferences. Each of these can receive one probe 

holder with six small probes on its surface. (Figure 2). It is 

possible therefore to have simultaneously 240 material samples 

in the tokamak. 

The main objectives of the research connected with the 

manipulator are: 

- Study of compositional, structural and surface morphology 

changes of compound materials and alloys exposed to a Tokamak 

plasma. 

- Long term behaviour of protective coatings in the Tokamak. 

(Low-Z materials). 

- Measurements of impurity fluxes in the limiter shadow. 
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Fig. 2 To the left, the cup with bayonet fixing. It is welded 

to the liner. Right the sampleholder with its six small 

material specimens 

REMOTE SAMPLE HANDLING 

The EIR-Manipulator is a robotic device with sensor and mobility 

capability in UHV and is fully remotely controlled. The operator 

observes a numerical display which gives him the actual position 

of the manipulator and, with joysticks, continuously controls 

the position of the machine and its manipulator arm. Alterna

tively, and that will be mostly the case, the operator employs 

a computer "GIPSY 400", capable of executing the whole manipu

lation fully automatically and having a storage capacity of 

many hundreds of different programs. In both cases the control 

orders are checked by a second computer "SESTEP" which makes 

the connection between hardware (vacuum valves control + 

environment sensors) and software (motion control). 
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In case of failure of the electronic, the operator can use an 

emergency control facility to raise the manipulator out of 

TEXTOR. There are two external sensors mounted to the mechanical 

hand: the first sensors the physical contact with objects and 

the second is a thermocouple which gives the surface temperature 

of the arm. The NC-controller is installed in a room about 

forty meters away from the tokamak. The whole manipulation is 

made without visual control, because of the high temperature of 

the outer vessel and the poor accessibility of the entire 

device. (See Figure 3). 

Fig. 3 Schematic representation of the sample handling at KFA 

Jtilich. The sampleholder with specimens will be transport

ed elsewhere to an analysis station 
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The sample handling at the Textor site will be done as follows: 

the EIR-manipulator takes a probeholder out of the first wall 

and brings it through a vacuum lock into a partable vacuum 
-9 

chamber. The vacuum inside this chamber can be held at 10 mbar 
by means of an ion pump. (Figure 4). 

Afterwards it will be transported to the analysis station which 

can be sited elsewhere. Because of the small weight (30 kp) of 

the apparatus the operation can be made with normal transport 

methods. Note that the specimen will not see any air during the 

whole manipulation because all the measurements have to be done 

under high vacuum. 

EXTREME WORKING ENVIRONMENT 

The manipulator has to work under UHV at temperatures between 

Fig. 4 View of the partable vacuum chamber fitted with a sputter 

ion pump. The vacuum lock between both valves is pumped 

down by means of a rotary pump. 
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100 C and 300 C for the following reasons. First, during 

plasma operation, the liner and the outer vessel will them

selves be heated up to a temperature of 300 °C. Second, to 
—8 

reach the required pressure of 10 mbar, the manipulator 

vacuum vessel has to be baked at 200 C. In addition the vacuum 

valve between TEXTOR and EIR-manipulator will be baked steadily 

at a temperature of 130 C to prevent water deposition. To 

inhibit vacuum contamination, the manipulator's mechanisms can

not be oiled with common lubricants. It is therefore necessary 

to use dry lubrication such as MoS. or BN. In case of seizure 

the manipulator must not prevent the further operation of TEXTOR. 

A very difficult point in the layout of the manipulator was the 

geometrical interface with Textor: the manipulator has to be 

lowered through an elliptical aperture of only 400 mm length 

and 150 mm width. 

DESCRIPTION OF THE MECHANISM 

The manipulator is stored inside a vacuum housing which is 

placed vertically over the tokamak. A high vacuum valve with 

elliptical aperture separates it from Textor. With the valve 

shut, the mechanism can still be moved axially and transverselly 

for specimen deposition through the vacuum lock. (See Figure 5). 

To perform correctly the EIR-manipulator has to have six degrees 

of freedom. The settings to reach a chosen liner specimen are 

as follows: After the vacuum valve has been opened, the whole 

mechanism is lowered 1.8 m into TEXTOR. As the radial arm clears 

the top of the liner the mechanism is turned out 90 about a 

vertical axis to bring the arm into a poloidal plane of the 

liner. The arm then has to be moved to the chosen poloidal plane 

and turned around a horizontal axis towards the specimen. When 

in position, the pick-up gear, at the end of the arm, operates 
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EIR- MANIPULATOR 

Pumps 

- Portable Chamber 

Vacuum Valve 

Liner 

radial arm 

.Textor outer 
vessel 

Fig. 5 View of the manipulator: The big valve in the middle 

separates the manipulator from the torus. 

Overall length: 6 m Weight: 800 Kp 

to deposit or remove the specimen. To get a sufficient accuracy 

the radial arm is fitted with a centering shaft that operates in 

a hole near the cup. (See Figure 6). 

The locking mechanism (Figure 7) has two degrees of freedom, one 

radial translation to reach the liner and one bayonet rotation 

to lock it into the specimen carrier. This two movements are 

made by means of air pressure. 

The air cylinder is a one way cylinder with a strong spring 

returning it to its initial position. It is fitted with a 

\sf 
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Fig. 6 Sequential pictures showing the deposition of a probe-

holder into the cup. The manipulator is seen being 

tested at EIR Wtirenlingen in early 83 
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Fig. 7 View of the gripping tool. The bayonet rotation of the 

sampleholder is obtained from the linear motion by means 

of an oblique groove 

switch that gives an electrical signal to the control unit when 

the manipulator arm has returned to its initial position. The 

linear displacement of the piston is regulated by means of air 

pressure which is fed by a flexible metal tube containing the 

sensor and contact wires. As can be seen in Figure 8 the 

mechanical principle of the air cylinder is very simple. The 

metal bellows are used as a piston and will work well if the 

following two steps are considered : First the angular rotation 

of the spring has to be cancelled out by an axial ball bearing 

and second the metal bellows have to slide with very small 

tolerance on an internal shaft with air conduction grooves. 

This is necessary to avoid large friction due to the inherent 

instability of the bellows under pressure. 

A significant point in the design of the EIR-manipulator is that 

all the power drives are mounted outside the vacuum. The reason 

for this is that for the high vacuum requirements, the number 

of vacuum penetrations has to be a minimum. Another reason is 
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c c that the reliability of the whole 
tJ O 

system will be greater because of 

a smaller number of interfaces and 

a better accessibility. 

The drives which set the manipula

tor in motion are made from 

4J standard machine parts. The 
J2 rotation of the motor is transmitted 
(0 
_ over a ball screw to a rack and 
o> 
•H pinion system which rotates a shaft 
% inside the vacuum. The rack is 
c 
<j> sealed with metal bellows and the 

fluted shaft slides through the 

pinion and operates the radial 

arm of the manipulator. All the 

rotating parts of the manipulator 

are fitted with ball bearings 

using dry lubrication. 

The lift drive raises the mechanism 

to a chosen vertical position. It 

is made of a rolled ball screw 

turned by means of a vacuum rotary 

feed-through. 

TRIBOLOGY AND ULTRA HIGH VACUUM 

The unlubricated movement of 

rubbing components in an ultra 

Fig. 8 Drawing of the pneumatic 

cylinder with gripping 

tool and centering shaft 
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high vacuum is a known cause of seizure. The surface of a metal 

that nas been exposed to a normal atmosphere consists of a 

number of chemically and physically attached layers. The 

friction between rubbing components can remove the physisorbed 

layers easily; the chemisorbed layers can be broken up locally 

into small islands and thereby allow the two metal surfaces to 

come into atomic contact producing high erosion rate (seizing). 

At temperature up to 300 C, it is not possible to remove all 

the oxide layers and so to get two parts welded together. 

However, the wear rate in an ultra high vacuum will be much 

greater than in the atmosphere. Due to the lack of oxygen the 
2 

oxide layers need time to be renewed and so the erosion will 

be possible with less energy. In an ultra high vacuum dry 

friction between metal rarts will always lead to failure of the 
3 

surface. It is only a question of time. (See Figure 9). 

M -
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Fig. 9 Measurements of the coefficient of friction as a function 

of the number of cycles for a cylinder sliding on a 

plate. The plate is made of ETG 100 and the cylinder is 

of hard metal coated with TiC. With MoS2 lubrication the 

protective oxide layers cannot be removed and the 

friction is very low 
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One way to avoid this effect is to use a noble metal such as 

silver since it has no oxide layers and cannot react with the 

partner. But higher wear and smaller possible surface pressure 

have to be taken into account. 

Another solution for good dry running is to use a ceramic 

compound Zirconiumoxide (ZrO,) coupled with heat-treatable steel 
4 

ETG 100 (Patent CH 2810/83-5). With such a combination it is 

possible to go to high surface pressure without the appearance 

of seizing. A practical application is for example a shaft 

running into a bearing of ceramic. 

If very long parts have to slide into complicated pinions or 

bearings, we advise the use of dry lubrication. As can be seen 

in Figure 9 molybdenium disulfide (MoS2) dry lubrication has a 

very good effect on sliding friction. 

A great number of experiments involving different materials 

have been carried out and the best results were obtained by the 
5 

combination ETG 100 - Poro bronze MN . (Figure 10). 

Due to vacuum incompatibility, note that the bronze must not 

contain any trace of zinc and in order to get good results the 

MoS2 has to be sprayed (available off the shelf) and after drying 

it must be rubbed into the pores of the surface. Because of its 

high reliability and low fabrication cost, the combination ETG 

ETG 100 - Poro bronze has been chosen for all the bearing and 

sliding parts of the manipulator. 

The ball bearings of the EIR-manipulator were also processed 

with MoS2- This is a good lubrication, very effective up to 

300 °C but only for small loading. For high loading the use of 

boron nitride grease is recommended. (Barrierta L 55/3 HV 

KLUBER). 



Fig. 10 Photograph of the chosen metal combination. The 

bearings are made of Poro bronze and the running shaft 

of ETG 100. During the test at 300 °C the shaft was 

loaded with a weight of 14,1 Kp (surface pressure: 

9.36 N/mm2) 

The ball screw of the lift drive was a very difficult part of 

the manipulator design. The ball nut has to be an all metal 

construction including the transfer liners. In this case we 

advise against the lubrication with MoS_ because it will 

accumulate in the threads and due to its vacuum hardening 

tendency, it will harm the ball motion. For small loadings 

the ball screw can work dry without any lubrication whereas 
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for high loading the screw has to be lubricated with boron 

nitride grease. 

A CONTRIBUTION! FOR THE ACHIEVEMENT ,7 MAGNETIC CONTROLLED FUSION 

Devices such as TFTR (US), JET (Euratom), JT-60 (Japan) are 

perhaps going to prove in the next few years the feasibility of 

magnetic confinement fusion. But there is still a long way to 

a commercial reactor. 

Impurity control in reactor plasmas ans first wall plasma erosion, 

are two great problems which have still to be solved. 

The scientific aim of the Swiss manipulator staff is to help in 

this field and to put this special tool at the disposal of 

different laboratories. 

Due to neutron activity and to the hostile environment, new 

manipulators and robots will be necessary for the next generation 

of fusion devices. 

The experience which was gained during the construction of the 

EIR-manipulator will be useful for the lay-out of these new 

machines. 
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The EIR-Manipulator after erection on the TEXTOR tokamak 

in December 1983. 


