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The electromagnetic force due to plasma disruptions is one of the main subjects in the design of the
tokamak reactors. The induced eddy currents and the halo currents conductively transferred from the plasma
halo region to the in-vessel components during a vertical displacement event (VDE) disruption are the most
dangerous sources of the electromagnetic forces on tokamaks. Therefore, it is necessary for the design of
future tokamak reactors to analyze these phenomena sufficiently.

One of the essential parts for this analysis is the modeling of the in-vessel components with high
accuracy. For example, the characteristics of halo current significantly depend on the shape of the in-vessel
components since the halo current enters the part of the in-vessel components and the current pattern is the
helical current. Especially, it is important to take into account the three-dimensional shape of in-vessel
components. In TSC modeling code, although the in-vessel components and the plasma are represented by
an axisymmetric model simultaneously, the three-dimensional effect on the in-vessel components is not
taken into account In the analysis by the finite element method, the three-dimensional model and the simple
filament model are adopted for the in-vessel components and the plasma, respectively. However, the plasma
halo region is not modeled and only the value of halo current in poloidal direction is given. In this paper, the
eddy current analysis has been carried out by dealing with the three-dimensional shape of the in-vessel
components and modeling the plasma halo region simultaneously.

The model used on the in-vessel components is the three-dimensional thin shell approximation and the
tool used is the EDDYCAL code by the finite element method! 1]. For the motion of plasma halo region, it is
very difficult to solve the multi-dimensional equation of the motion directly. In this paper, instead of solving
the motion of equation, the plasma halo region is modeled by the thin shell approximation in the same
manner as the in-vessel components and the time evolution is represented by giving the shape and the
resistivity of the plasma halo region at each period. The helical current path of the halo current is modeled
by considering the inhomogeneity of the resistivity in the plasma halo region. That is, it is assumed that the
resistivity on the direction along the magnetic field line is different from the one of the perpendicular
direction with respect to the magnetic field line. Furthermore, the time evolution of the magnetic flux on the
plasma halo region is taken into consideration instead of the velocity.

The parameters used for calculations are the TTER design[2]. Figure 1 shows an example of the mesh
model for the plasma halo region and the in-vessel components used in this study.. In Fig. 1, the model
represents an 18-degree sector of torus and includes the vacuum vessel, the back plate, the blanket modules,
the gas seal, the divertor cassette and the plasma halo region. The plasma halo region is modeled by two
thin shells approximation as shown in Fig. 1. Furthermore, it is assumed that the plasma current decays
linearly to zero in 10 ms.

The calculation results are shown in Figures 2 and 3. Figure 2 shows the time evolution of halo and
eddy currents in some components. In Fig 2(a) and 2(b), the toroidal and poloidal components of the
currents are shown, respectively. As shown in Fig.2, the largest peak toroidal current is found in the back
plate and the largest peak poloidal current is found in the divertor cassette, respectively. In this study, it
makes a special feature of splitting the halo current into the toroidal and poloidal components by applying
the thin shell model to the plasma halo region. Especially, the peak toroidal halo current (t = 5ms) in the
plasma halo region is 30% of the total current and can not be neglected. Figure 3 shows a typical pattern of
current flow in the divertor cassette, which has the largest peak poloidal current. In figure, two large current
densities are found in the wings and the upper part of the divertor. The toroidal distribution of the eddy
current densities in the upper part of the divertor is non-uniform, and this result shows the three-
dimensional characteristics in the in-vessel components. Furthermore, the electromagnetic force per divertor
cassette is about 1.9 MN.

In conclusions, the in-vessel components and the plasma halo region were modeled by the three-
dimensional thin shell approximation and the eddy current analysis has been carried out, and it is essentially
important for the design of tokamak reactors to deal with the in-vessel components three-dimensionally and
to model the plasma halo region.
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FIG.3 Eddy current distribution in divertor


