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In a tokamak the toroidal field coils and a large number of poioi-
dal field coils energized according to many different operational sce-
narios produce magnetic fields leading zo complex loading of the ceils.
The forces associated with normal operation modes, occurring at high
frequency during the life of the machine, serve as input -o a fatigue
analysis of the coils. The loads under seldom-occurring extreme or ac-
cidental conditions, on the other hand, determine the design safety fac-
tor of each coil.

Accurate determination of fields and forces requires detailed three
dimensional modeling and computation. Therefore we have decomposed each
of the 16 toroidal field coils into a set of conducting bars of rectan-
gular section whose magnetic fields are known analytically. Comers are
taken into account in a self-consistent manner. The poloidal field coil
system, consisting of 30 coils, is represented by a set of circular fi-
laments, each of whose fields are also known analytically.

The toroidal field system is composed of discrete toroidal field
coils creating a field with R and Z components in addition to the main
toroidal component. The ripple, measuring the deformation of the toroi-
dal magnetic field, is defined as the difference between the maximum and
minimum values at coordinates R, Z as t> is varied , and found to be 3% of
the average field at the outer plasma surface, 0,1% at the plasma center,
and less inside.

The interactions of the two coil sets (toroidal and poloidal) with
themselves and with each other lead to four different types of interac-
tions described below.

The resultant electromagnetic load on each toroidal field coil from
the toroidal field lies in planes which contain the machine axis. These
in-plane loads tend to stretch the conductors and have a net resultant
centering force toward the axis.
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The poloidal field has Z components which have the same magnitude
and direction at corresponding points above and below the equatorial
plane. At these points, the interaction produces equal and opposite
out-of-plane forces, because the radial components of the toroidal field
coil current have opposite signs. These forces generate ar. overtunir.g
moment on each toroidal field coil. Ail combinations of excitations of
poioidai field coil sets have been evaluated.

As the total poloidal field is rotationally symmetric about the ma-
chine axis, the electromagnetic load on a poloidal field coil is uniform-
ly distributed along the coil in the aziisuthal direction. 3y symmetry,
the net radial force is zero. An analysis of the operation diodes provided
all the scenarios to be considered. The forces were calculated for each
of these scenarios and the maximum values extracted for the R and Z direc-
tions of each poioidai field coil.

The R and Z components of the toroidal field ripple interact with
the current of the poioidai field coils to generate radial and vertical
force distributions. There is no r.et load but these forces are nor.ur.i-
form and periodic, and, in some cases, are found to exceed locally the
forces due the interaction with the ooloidal field.
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