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Furthermore, the rapid changes in magnetic field during a disruption induce eddy currents in the conduc-

tive first wall. Additionally, so called halo currents flow through the structure when the disrupting plasma 

makes contact with the first wall [17]. In combination with present magnetic field, severe electromagnetic 

forces will be induced. The resulting forces on the structure are significant and have to be considered [18] 

[17]. As already mentioned, the PD events are rapid and occur within a timescale of ~ms. Therefore the 

electromagnetic forces will be applied to the first wall within short time and may cause severe damage. 

Kasada et al. estimated from the calculations of [19] and an approximately blanket structure of a few milli-

meter that a strain rate of 0.1 s-1 can be reached during a PD [20] (see Figure 6). 

 

Figure 6: Possible occurring strain rates at a plasma disruption in relation to other phenomena’s (from [20]).  

To avoid such plasma disruptions, control systems monitor the current plasma conditions. However, such 

control system can only minimize the probability of disruptions but cannot avoid them. Therefore, safety 

consideration for future fusion power plants should include dynamic deformation behavior of the structural 

material as well. 

2.2 Development of reduced activation ferritic/martensitic steels 

In contrary to the vacuum vessel made of austenitic stainless steel 304 containing boron for effective neu-

tron shielding performance [21], new alloys had to be developed for the first wall and the blanket, which 

have to have a good balance of properties under irradiation, i.e., good strength and ductility, high fracture 

toughness, reasonable fatigue and creep resistance as well as limited swelling. Austenitic steels undergo 

high swelling rate at higher neutron doses which produces unacceptable volumetric swelling in structural 

components [22] [23]. Ferritic/martensitic (FM) steels do show a better swelling resistance also at higher 

neutron doses and were therefore preferred. FM steels with a Cr content of 8–12 wt% have been investi-

gated due to their good irradiation resistance. In addition, the microstructure of FM steels can be con-

trolled by applying heat treatments that results in the desired mechanical properties [24]. 

Besides the above mentioned material properties, emphasis was given on the development of so called low 

or reduced activation materials. The idea is to reduce the long term activation behavior to achieve a low 

level waste within a few hundred years compared to several 100 000 years for a conventional steel. There-
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