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The WENDELSTEIN 7-X (W7-X) is a super-conducting helical advanced stellarator. W7-X is provided with 299 ports, which connect

the plasma vessel with the outer vessel. All the ports are equipped with bellows, which, during bake-out and final adjustment,

compensate the relative movements of the vessels.

The bellows have different shapes and dimensions ranging from 100 mm circular to 1170 x 570 mm rectangular sizes. During various

load-cases the axial and lateral stiffness of all bellows will create a resulting spring-force which acts on the supports of the vessels

directly. The higher the stiffness the more is the significant influence on the supports.

The lateral stiffness which was calculated with the established standard EJMA-code (Expansion Joint Manufacturers Association*)

seemed to be relatively small. This appeared to be not correct in particular for non circular bellows. That is why the stiffness of

rectangular, multi-layer bellows have then been re-calculated with the Finite Element Method (FEM) code ANSYS. 

The maximum difference between the FEM and EJMA code resulted to be up to 250 % in particular with movements along the longer

side of the bellows. 

In order to clarify the differences a test-campaign with the largest rectangular bellows was performed. A special test rack allowed

predefined displacements in pure lateral and axial directions taking into consideration of the friction in the moving elements. During the

tests the load-displacement diagram was recorded permanently. The outcome of the FEM-results was then verified by the tests in axial

and lateral directions.

The EJMA-code is well proved for circular bellows. The tests showed that instead any calculation of rectangular bellows has to be

confirmed by experiments.

The paper summarises the calculation, describes the test activities, the apparatus and reports the final results.

* Standards of the expansion joint manufacturers association, INC. 
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