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Disruptions are a key problem for tokamaks [1], because in future devices like ITER the 

electromagnetic forces that can arise may be a threat even for the integrity of devices. These 

forces are due to the interaction of eddy and halo currents induced in the structures during a 

disruption and the strong magnetic field present in the tokamak. This paper summarizes 

recent results of some theoretical and numerical studies of such global electromagnetic force. 

The starting point of our analysis is one of the findings of [2]: the total global electromagnetic 

force acting on a perfect conductor circumventing the toroidal plasma must be zero, if we 

disregard the plasma inertia (i.e. describe the plasma by equilibrium equation at each time 

instant during a disruption). Since a significant total induced current can circulate in such 

perfect conductors (up to several MA in ITER), a strong local electromagnetic force density 

arises; however, these local forces must sum up to zero, so that the overall global force 

vanishes.  

This paper derives a number of important consequences of this general result. First of all, we 

verify the aforementioned theoretical finding with simulations carried out with the 

CarMa0NL code [3]. Secondly, we show that the arising of a net force on the vacuum vessel 

is due exclusively to the penetration of magnetic field outside the vessel itself. Then, we 

confirm that a representation of the plasma in terms of simple current filaments may be 

completely inadequate to determine the total force on the vessel, because a description 

compliant with the equilibrium constraint is required. Finally, the results obtained suggest a 

possible scheme for mitigating the global force acting on the vessel during a disruption, 

resorting to a highly conducting “disruption force damper” (DFD) circumventing the vessel. 
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