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The WENDELSTEIN 7-X stellarator (W7-X) is the next step device of IPP in the
stellarator line and is presently under construction at the Greifswald branch institute. The
experiment aims at demonstrating the steady state capability of a stellarator machine at reactor
relevant parameters.

The main parameters of W7-X are: average major radius 5.5 m, average plasma radius
0.53 m, magnetic field on the plasma axis 3.0 T, total weight 725 t. The magnetic system of
the machine consists of 50 non planar and 20 planar superconducting coils supported by a
central structure made of 10 sectors. The magnetic system is kept at 4K by liquid helium
inside a cryostat. An important feature of W7-X is the high geometrical accuracy of the
magnetic field configuration: perturbations (_B/B) with a periodicity different from the five-
fold periodicity of the device should be kept below 10-4.

The plasma vessel is composed of 10 half-modules welded together during the assembly
phase. A large number of ports (about 300) are connecting the plasma vessel to the cryostat
with bellows in between to compensate the relative movements of the two vessels during
operation due to temperature differences.

An extensive structural analysis of the magnet system (coils and support structure) is in
progress with two independent finite element models (FE) global created with the ADINA
and ANSYS commercial codes. Another FE global model based on the ANSYS code has
been developed to study the behaviour of plasma vessel, cryostat, ports and relative supports.

Critical components are the support elements connecting the coils each other and to the
central structure. These supports must operate in high vacuum and at cryogenic temperature,
withstand high loads and moments and allow the assembly of the machine with high
accuracy. The stresses are derived from the FE global model. The support elements are a
proper combination of contact sliding elements and welded boxes between the coils in the
inner and outer side, respectively; and bolted connections between coils and central support
ring in the inner side. An experimental test program was launched to validate the proposed
solutions.

Challenges to the design and assembly of W7-X come from the complex 3D geometry;
tight tolerances in-between the coils, between the coils and the support structure, the plasma
vessel and the outer vessel; the high electromagnetic loads and the high geometric accuracy of
the magnetic field configurations. Precautions have to be taken in limiting the deformations of
the coils and the plasma vessel during the welding processes.

The paper will report about the most critical issues related to the W7-X magnet system
and vessel system and the main activities performed with respect to FE analyses and
mechanical tests on mock-ups in order to validate and optimise the adopted design.


