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The Pre Compression Ring (PCR) is an important element of the ITER magnetic
system since it improves the force distribution among the Toroidal Field magnets
during plasma operation. An experimental campaign has been planned at ITER
Organization (IO) to characterize the mechanical behavior of the ring in a test rig
able to simulate the ITER assembly conditions. In particular the testing machine
aims at simulating the effect of the preload by means of a system of hydraulic
cylinders capable to deliver 36K ton of radial pushing force. A steel “cushion” flange
acts as interface between the cylinders and the ring distributing the pressure on the
surface and preventing the PCR from local breakage.
In this paper the shape optimization of such flange is addressed, identifying the
optimal geometry basing on the contact stress on the inner surface of the PCR.

The preliminary lay-out of the machine is composed of 18 identical sub-systems: two actuators (vertically arranged) are
connected to a spreader; a steel “cushion” flange acts as interface with the PCR inner surface. The actuators push the
PCR outward simulating the effect of the pre-load in the tokamak assembly; the scope of the cushion is to uniformly
distribute the pressure on the surface preventing the PCR from local breakage.

THE TESTING MACHINE
The TF Magnet and the PCR

The PCR Test Machine main components The preliminary cushion design

FEM MODEL

The FEM model has been developed in Abaqus CAE v6 by means of python scripting. Thanks to the cyclic repetitiveness

and to the symmetry with respect to the mid-plane of each sub-
system, it is possible to analyze the problem representing only 10° of
PCR and half cushion.

Main FEM model features:
- 1.5 mm element size on the contact area;
- solid linear C3D8R elements;
- non-linear contact interaction between cushion and PCR;
- BC: symmetry on α = 0° plane (PCR and cushion) and on α = -10°

plane (only PCR);
- Imposed 28 mm displacement load to the cushion inner face

(corresponding to 2000 tons of force by the cylinders);
- Materials: cushion in steel; smeared properties for the

fiberglass/epoxy PCR (y = fiber direction):

Ex [GPa] Ey [GPa] Ez [GPa] Gxy [GPa] Gyz [GPa] Gzx [GPa] νxy νyz νzx

27.7 59.5 27.7 8.6 8.6 9.6 0.26 0.45 0.26

α = 0
α = -10

The preliminary geometry gives birth to a relevant contact stress peak (about 470 MPa)
corresponding to the area of the cushion far end (α = -10°). This stress concentration poses
a threat for the PCR integrity  a shape optimization of the cushion is necessary.

OPTIMIZED RESULT

α = 0
α = -10

• After the optimization the contact pressure acting on
the PCR surface is within the range 64 ÷ 88 MPa, the
average is 78.1 MPa and the peak disappeared.

• The final geometry has been defined interpolating
the position of the node with a spline; a new FEM
analysis with interpolated shape gives almost the
same results (stress in the range of 60 ÷ 100 MPa)

• The result led to the definition of a 2D profile;
nevertheless the algorithm operates on each node
independently and can solve 3D problems

• The analysis results has been given to the PCRTF
manufacturer that shall machine the cushion
surface accordingly

• The results of the optimization and, in general, the
method adopted, are suitable to be considered also
for optimizing the PCR flange in the TF magnets

OPTIMIZATION TOOL

The developed tool completely manages the
optimization task. After each analysis the cushion
mesh is modified acting on the position of each node
depending on the local contact pressure.

urad = k·(pave. - p)

Interpretation: two extreme cases
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