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The highly heat-loaded area of the target plates of the WENDELSTEIN 7-X (W7-X) divertor is formed by 890 water-cooled target

elements (TEs). This surface is designed to sustain a maximum stationary heat flux of 10 MW/m2 and to remove a maximum power of

100 kW per element. 

Flat tiles made of CFC Sepcarb® NB31 are bonded to a CuCrZr heat sink. This joint is manufactured in two stages. In the first step, an

OFHC copper interlayer is cast onto the tile by active metal casting (AMC®). At this stage, the joint copper-CFC is inspected by X-ray

and lock-in thermography. In the second step, the AMC®-NB31 tiles are joined to CuCrZr. Two technologies have been investigated:

electron beam welding (EBW) and hot isostatic pressing (HIP). The joint copper-CuCrZr is examined by ultrasonic method. At the end

of the fabrication, the bond between the heat sink and the CFC tiles is inspected by thermography methods. The produced CFC NB31

material for W7-X showed a large scatter in the tensile strength in the ex-pitch direction in the range of 50 – 110 MPa. Pre-series TEs

have been manufactured to qualify the design, the fabrication, the relevant non-destructive examinations (NDEs) and the delivered CFC

for the serial production. The whole manufacturing route is validated if the delivered elements whithstand operating conditions similar

to those in W7-X in the high heat flux (HHF) test facility GLADIS without degradation of performance and integrity. HHF tests did not

show any effect that could be attributed to the CFC grade or to the joining method. 

The HHF test results exhibited a high percentage of defective tiles, indicated by hot spots at the border of the CFC surface. Visual

inspections after HHF tests have mostly correlated these spots to the initiation and /or propagation of cracks at the lateral edge of the

tiles in CFC at the interface CFC-copper. The pre-series activities have been extended to reduce the stresses at the critical AMC®

interface. By means of computations using the finite element method, the most effective options with feasible manufacturing effort are

being investigated.

It is a key requirement to develop reliable NDE that can be applied after each manufacturing step of the series production. During the

pre-series phase all TEs are tested in GLADIS. It is intended in this way to evaluate NDE fault criteria that permit reliably to achieve

the nominal heat flux requirements.
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