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Introduction
The torus diamond window unit is a sub-component of the EC H&CD UL forming 
a vacuum and tritium confinement boundary between the torus volume and the 
transmission lines (TLs) which guide microwave beams between 1 and 2 MW 
from the gyrotrons to the launcher. The unit is attached to the ex-vessel 
waveguides (WGs) assembly connected from one side to the ceiling of the ITER 
port cell by a frame (ceiling support frame) and to the UL port plug from the other 
side. Movements of the vacuum vessel (VV) due to baking, seismic and plasma 
disruption events, result in forces and moments acting on the units. Furthermore, 
during a seismic event, the unit is subject to additional loads induced by the 
oscillation of the support frame. An outer frame surrounding the unit is thus 
required to withstand these external loads and ensure the structural integrity and 
the confinement function of the unit. The load combination given by the stringent 
ITER SL-2 seismic event occurring during the VV baking is the design driver for 
the unit outer frame. A specific methodology was developed in this work to carry 
out the FEM analyses of the window unit with respect to this load combination. A 
two-step procedure was adopted to calculate first forces and moments acting on 
the units and then stresses and displacements of the units. Different design 
variants of the unit outer frame were investigated in order to find the optimum 
design solution.

Geometry

Methodology

This work was supported by Fusion for Energy under the grant contract No. F4E-2010-GRT161. The views and opinions expressed herein reflect only the author's views. Fusion for Energy is not liable for any use that may be made of the information contained therein.

First step of the analysis

■ Robust design due to very high loads 
acting on the unit in past design versions 
of the WGs assembly and their supports.
■ Equivalent stress higher than 150 MPa.

Inertial effect of the SL-2 event
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Design evolution of the window unit outer frame

Effect due to the VV baking

Example of the resulting load distributions
on the eigth units: vertical force in N

■ Outer frame formed by a 4 mm single 
wall shell.
■ Equivalent stress of 73 MPa and disc-
WG gap reduction of 12 µm.

■ Outer frame formed by a 4 mm single 
wall with two 45° sides.
■ Equivalent stress of 45 MPa and disc-
WG gap reduction of 8 µm.

■ Optimum design solution providing also a 
second tritium barrier and a real-time 
monitoring of all interspaces in the unit.
■ Equivalent stress in the 20-24 MPa range 
and disc-WG gap reduction of 6 µm.

Second step of the analysis

Kinematik effect of the SL-2 event


