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The ITER Vacuum Vessel (VV) is a complex body supported in 9 points below lower ports by restraints in the radial, toroidal and

vertical directions. The applied load produces a combination of reaction forces, which must be consistent with the design of the

supported object. A reasonable sharing of the load among the supports is important for overall performance of the structure and helps to

avoid excessive stress at the joints between the VV and lower ports.

Optimization has been performed of the sharing of the total horizontal load applied to the ITER VV between radial and toroidal

restraints. An effective method of finding simple parametric relationships between the design parameters of supports and the balance of

the reaction forces has been developed. This allows purely analytical prediction of the sharing of the reaction forces for any desired

stiffness of the applied restraints with no need for finite element structural analysis, and also allows control of the sharing by a proper

selection of parameters of the supports. The method is based on the use of elementary mono-directional schemes – equivalent

oscillators built for the main global modes, in static problems. The types of schemes and parameters of their members, related to the

a-priori unknown stiffness of the VV structure under the supports, are found from consideration of the free vibration problem for the

object using a 3D model of the VV with mass simulators – a series of simple eigenvalue analyses with variation of stiffness of the

external restraints, that demands quite moderate computational resources. The equivalent schemes for the main modes not only enable

simple one-line analytical calculation of the natural frequencies at any desired stiffness of the supports, but also indicate the

contributions and balance of stiffness, to be considered in the static problem. The results of assessments of the reaction forces by direct

static structural analyses for several cases are in agreement with values predicted by theoretically obtained curves (the mismatch is

within 1%). The stresses in structures per unit of the reaction force found from these analyses enabled a search to be carried out for the

optimum sharing between radial and toroidal supports corresponding to the least maximum stress over the structure.

The paper describes the implementation of the method for the ITER VV horizontal support sharing problem and presents the

recommendations for the optimum design stiffness of the supports.
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