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1. Introduction 

The Commission of the European Communities appointed in mid-1983 the 
Centre d'Etudes Nucléaires de Saclay and the Kernforschungszentrum 
Karlsruhe GmbH to investigate whether large vacuum components for use in 
the fusion machine can be built. The following individual targets have 
been defined for studies under this project: 
- Elaboration of technical specifications for large components. 
- Investigation of the feasibility. 
- Specification of the tests required and planning of a testing facil

ity. 
To perform the work required, an international working group was 
founded; it consists of staff of the CEN Saclay and KfK, assisted by the 
MET team. 
It was decided to design the components so as Co satisfy Che NET 
operating conditions and to adapt work to the NET time schedule. 
However, the objective pursued is not limited to the NET machine. The 
results shall be applicable and capable of extrapolacion Co che machines 
of the later generation, such as DEMO. 

2. Plasma chamber pumping system 
2.1 Functional requirements 

The plasma chamber pumping system shall fullfill the following func
tions. 
. Pumpdown of the7plasma chamber after venting, to an initial base 
pressure of 10 to 10* mbar. In order to outgas the plasma chamber 
the internal surfaces will be heated to temperatures between 200 and 
300 *C. Discharge cleaning will provide for an additional condi
tioning. An outgas sing rate of M O " mbar I/cm2 can be expected. 
Assuming a total surface of the plasma chamber of 10 m 2 the suction 
capacity at the divertor must attain 10 1/s. 

- Pumping out of the helium ash and impurities Inclusive of DT from the 
plasma chamber during the plasma burn time. A static overall gas 
pressure at the dlvertor outlet of 4 to 8 x 10* mbar will have to be 
maintained for a total gas throughput of ̂ 120 mbar 1/s. The corre
sponding helium mass fraction will range from 2.5 to 57. in a DT gas 
mixture. The mass fraction of the Impurities present will be VI7.. 

- Pumpdown of the plasma chamber during the dwell time between the 
individual plasma burn cycles. After the magnetic field has been 
switched off, a static pressure of ^6.7 x 10" mbar is generated in 
the plasma chamber. It is intended-to attain within 20 seconds the 
pre-shot base pressure of 'W x 10" mbar by continuous pumpdown 
including pumping out of the residual plasma gas, outgassing of the 
surfaces and leak points. 
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2.2 Alternative technical solutions 
For pumpdown of the NET plasma chamber two basically different technical 
concepts are being investigated: 
- turbomolecular pumps, 
- cryopumps. 
In both concepts identical solutions have been found for connecting the 
vacuum system to the torus. Sixteen downward directed vacuum evacuation 
ducts are connected to the bottom divertors. These ducts end in a closed 
circular pipe at the bottou level of the reactor building. Connected to 
this closed circular pipe are either 16 turbomolecular pumps with a 
suction capacity of 50,000 1/s for helium per pump, or four cryopumps 
with a suction capacity of "000,000 1/s per pump. 
If turbomolecular pumps are used, one roughing pump each is series-
connected to a pump, this roughing pump generating the necessary inlet 
pressure of the gas purification system of about 1 bar. 
If cryopumps are used, one unit will be in operation, one being re
generated, one acting as stand-by, and one out of service kept in 
reserve. For cryopump regeneration small turbomolecular pumps vill be 
used which evacuate down to a pressure of -U0~ mbar. Further evacuation 
will be provided by the cryopump in operation. 

2.3 Components of the plasma chamber pumping system 
2.3.1 Vacuum vessel 
The vacuum vessel with a total volume of A/1100 nr" will consist of 
32 segments. Sixteen segments will be installed within the toroidal 
field coils, the remaining sixteen segments, which are provided with 
holes for introduction and connection of the components, will be placed 
between the coils. All surfaces of the vacuum system taken together add 
up to M0,000 m2 /I/. 

2.3.2 Impurity control system 
No final decision has as yet been taken regarding the selection of the 
impurity control system for NET: limiter, single-wall or double wall 
divertor are being discussed. 
The divertor fullftlls the function of removing the helium and other 
impurities from the plasma and of recycling DT at the same time..The 
concentration of helium in Che plasma shall be inferior to 5x10" 
whereas the concentration of the heavy impurity species shall be 
Inferior to 1x10" . - Q 

Besides the helium stream to be pumped (2.66x10 atoms He/s), the 
maximum admissible static gas pressure at the divertor outlet and the 
gas composition will have to be specified as the essential basis of 
design. As uncertainties persist regarding the rate of 0T recycling, a 
helium fraction in the exhaust gas between 2.5 and 5% must be expected. 

2.3.3 Vacuum duct 
It is presently envisaged to Install che vacuum pumps of Che torus 
system below che bottom floor of the reactor hall in a lateral position 
outside of the coll area. On account of the relatively large distance of 
the pumps from the torus (> 10 m), this position is not optimum from the 
standpoint of vacuum technology. In order to ensure uniform evacuation 
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of all 16 divertors, all divertor outlets end in a closed circular pipe 
and the pumps are directly connected to it. 

3. Development of large components 
3.1 The problem 
It is intended to investigate under this project the feasibility of 
development work on defined large components to be used in the plasma 
chamber pumping system. The following components will be investigated: 
- isolating gate valves for turbomolecular pumps (nominal dia. 1500 mm) 
and for cryopumps (nominal dia. 2000 mm), 

- turbomolecular pumps (50,000 1/s), 
- roughing vacuum pumps, 
- cryopumps (500,000 1/s). 

3.2 Status of the art 
IT. contrast to components used in conventional engineering, the design 
criteria for the large components of the plasma chamber pumping system 
are governed by the following operating conditions: 
- tritium present in the process gas (55% mass proportion), 
- high magnetic field (> 100 ml), „ 
- high neutron and gamma irradiation (10 rad), 
- acceleration during plasma disruptions, 
- solid particle transport. 
Due to the presence of tritium, no organic materials are allowed to 
contact the process gas. No organic lubricants shall be used. On account 
of radioactive irradiation, use of organic materials for the components 
is likewise restricted. 

3.2.1 Turbomolecular pump units (TMP) 
Although TMPs having suction capacities up to 9000 1/s for air have 
already been built, the technology of these large pumps cannot be 
directly applied to NET units. As lubricants and organic materials are 
precluded from use, completely new ground must be broken in the 
development of TMPs for NET. There is some similarity to the dry-running 
pumps with magnetic bearings available on the market which, however, are 
offered with capacities of only 500 1/s. Consequently, an enormous 
development effort will be required. 
It is not only the size of the pump (rotor diameter <V1500 mm) which 
poses technical difficulties. Some problems must be anticipated in the 
effort to attain the compression ratio for hydrogen of 5x10 . Moreover, 
the pump must deliver to a relatively high outlet pressure of ̂ 10* mbar. 
As the region of molecular flow is left, an extremely great number of 
compression stages must be provided. This increases the rotor length and 
the rotor mass and makes more difficult rotor bearing. 

3.3.2 Cryocompound pump units (CCP) 
For application in fusion technology cryovacuum pumps with suction 
capacities up to 8,000,000 1/s have already been built for handling 
hydrogen Isotopes 111. Hydrogen isotopes can be condensed out in a 
relatively easy manner at low temperatures (<20 K). By contrast, 



helium cannot be pumped in quancicacive terms through condensation. 
Either cryosorpcion on porous materials (activated carbon, molecular 
sieve, ceramic material, sintered metal) or cryotrapping with a gas that 
can be frozen ouc (argon) is used for this purpose. Until this date no 
large-scale vacuum pumps have been built for handling helium. Ten years 
ago work started in the USA on developing three two-stage cryocompound 
pumps of 400 mm nominal diameter to be used for reference tests /3/. 
In recent years systematic investigations have been performed in the USA 
on binding activated carbon to the cryogenic surface /4/. Evidence has 
not yet been furnished chat che presently preferred braze resists 
thermal cycling as specified for NET. 
In the USA and in France systematic studies have been made on helium 
trapping with argon frost /5, 6/. Also in this case the process of 
optimisation has not yet been completed. 
No new systematic investigations have been performed in recent years 
with molecular sieves on helium pumping. As early as in 1979 it was 
reported from the USA /7/ that the molecular sieve exhibits a pulsating 
pressure behaviour in che course of helium pumping. 
One of che Cechnical problems consists in che tritium inventory in the 
cryopumps which has Co be limiCed for safecy reasons. In che NET 
cryopuops a maximum invencory of 100 g tritium is admitted. Conse
quently, the operating time of Che pumps is automatically fixed at 
<2 hours which implies a total number of regeneration cycles of 30,000. 

3.2.3 Gate valves (GV) 
In the all-metal version isolating elements with apercures up Co 1500 mm 
at the maximum have already been builc (rotary valves for JET). In che 
gace valve version no vacuum valves greacer Chan 400 mm in nominal 
diamecer have so far been fabricaced in series. In che as-delivery 
condicion these gate valves attain maximum leak rates of 5x10" mbar l/s 
at 1 bar pressure differential. It appeared, e.g. in JET, that the 
tightness of these gate valves in operation dropped very quickly to 
values around 10~ mbar l/s. The reason seems to be the solid particle 
transport from the plasma chamber. As also in case of NET there will 
probably no technical means be available for complete removal of the 
solid particles, a similar deterioration of tightness must be antici
pated. This can be remedied by installation of double-disk valves with 
differential pumping. 
Besides to the seat tightness, a technical limit is presently set to the 
possible number o" valve closures. For the all-metal gate valves this 
limit is now 5000 cycles. For use at a cryopump the number of 30,000 
cycles must be guaranteed. A novel development will be required. 
As all-metal gate' valves without lubrication and without any organic 
matter are available today, it can be concluded that no difficulties 
will be encountered In development work which could not be overcome. 

3.2.4 Roughing vacuum pumps (RVP) 
Also in the category of the roughing vacuum pumps lubricant free pumps 
are rarely offered on the market. The two positive displacement units 
offered, a piston pump and a spiral pump, both fullfill che condition of 



freedom from lubricant. However, none of the firms offers a unit in the 
required size and with the needed compression ratio. The suction 
capacities of the units would have to be increased by the factor 3, Che 
compression ratio by the factor 100. 

3.3 Status of component development 

Technical specifications are available for the TMP, GV and RVP. 
The contract for a study on TMPs by an industrial firm was awarded in 
early 1986. The term of this study is twelve months. It includes the 
computational and engineered design of the pump and the experiments 
required to develop the high-pressure stage as well as the dynamic load 
tests on sudden venting. After presentation of the study the order will 
be placed for a prototype pump. The development period is expected to 
last three years. 
AS regards the GV, first invitations for bids for a study were sent to 
industrial firms in late 1985. Also in this case the study is expected 
to be completed within one year. The development period for a prototype 
gate valve will be about two years. 
Invitations for bids for a study by industrial firms on RVPs will 
probably be issued in the course of 1986 so that the study should be 
available in 1967. The development period can be estimated at about two 
years. 
Two preliminary projects are presently under way for development of the 
cryocompound pump; in one project the internal pump configuration is 
studied theoretically. It is the goal of investigation to optimise the 
two pumping stages (DT and helium). In the second preliminary project 
the best suited adsorber/binder combinations are selected and optimised 
in experiments. These investigations are to provide in 1989 the data 
necessary for designing the NET cryocompound pump. The construction 
period for Che pump is estimated at about two years. 
Consequently, the following dates can be envisaged for completion of the 
prototypes of the vacuum large components: 

gate valves: 1989 
roughing pumps: 1989 
turbomolecular pumps: 1990 
cryocompound pumps: 1991 

4. Prototype testing 
Before being installed into NET, the prototypes of the large vacuum 
components will have co be subjected to in-depth investigations relating 
to cheir functions in normal operation, fault operation and endurance 
operation under simulated NET operating conditions. The following 
individual tests are planned: 
- Measurement of the operating characteristics of pump systems, espe
cially suction capacity, final pressure and compression ratio. 

- Endurance testing in cyclic operation, in conformity with the NET 
requirements (plasma burn time 100 to 1000 s, dwell time 20 s): 
regeneration after two hours of operation. 

- Investigations into the operating behaviour of components under fault 
operating conditions: sudden venting, loss of electric power, loss of 
pressurised air, etc. 



- Studies about the influence exerted by solid particle transport. 
- Investigation into the function of rotating components in magnetic 
fields. 

- Investigations into the operating behaviour of components exposed to 
vibrations (simulation of plasma disruptions). 

A testing facility vhere these investigations can be made has been 
conceived at KfX. It was proposed to install it into the Karlsruhe 
Tritium Laboratory so that in case of need the components can be 
operated under exposure to tritium (2C0 g at the maximum). 
Should long-term planning of the NET machine provide for a plasma 
chaaber pumping system becoming operational in 1993, series fabrication 
of the components vill have to start in 1994 at the latest. Prototype 
development will take place in several phases: studies, design and 
construction, tests, upgradings and finalising tests. The overall 
development work will take eight years, two years for the studies, two 
to three years for design and construction, and three to four years for 
testing, upgrading and finalising tests. 
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