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A real tokamak has non-axisymmetric first wall and magnetic field. Detailed simulations, e.g.

of fast ions, are affected by the toroidal asymmetry. This contribution describes methods related

to reducing the full CAD data to a simplified 3D first wall description and to computing the

3D-error field from arbitrary coil geometry or ferritic material distribution.

Magnetic field from coils with Biot-Savart law and magnetizing materials with FEM

Figure 1: A toroidal∼1/R field magne-

tizes four geometrical solid ferromag-

netic bodies. The color coded line is a

single field line, with color indicating

the local field strength. The cylinder in

the middle excludes the singular area

with R = 0 from the computational do-

main (a pierced cylinder).

In ITER, ferritic inserts will be used to reduce the

magnetic ripple due to the finite number of toroidal

field coils. Furthermore, the tritium breeding modules

(TBM) will be made out of ferromagnetic steel. The

toroidal and poloidal distributions of these magnetiz-

ing masses are irregular and induce a perturbation to

the magnetic field in ITER[1]. We use the commercial

COMSOL Multiphysics engineering, design, and finite

element method (FEM) analysis software environment

to calculate the magnetization of the ferromagnetic

components according to the equations ∇× ~H = ~Je =

0, ~B = ∇×
(
~A+ ~Ab

)
and ~B = µ0µr~H. The background

vector potential ~Ab is calculated from the plasma and

coil as described later in this contribution. The bound-

ary condition is vanishing field from the magnetization

when far away from the machine. A result from a toy

model is illustrated by the Fig. 1.

The B(H) curve models the magnetic properties of a nonlinear material (e.g. saturating ferro-

magnetic metal) in COMSOL. Here B is the magnetic flux density produced by the magnetizing

field H. A set of minimal material parameters to reproduce the key features of the curve are the
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following three: the saturation magnetization Ms, remnant magnetisation Mr, and the coercive

field Hc. With these, one can produce a piecewise linear model, where the magnetization is linear

until saturation is achieved and beyond that increases at the rate of vacuum magnetization µ0.
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Figure 2: Three point model for magne-

tization curve. The simplified model ap-

proximately reproduces the original B(H)

curve. Notice how the simple model

changes Hs.

This approach neglects the detailed form of the

B(H) curve, as well as any contributions of the ma-

terial beyond saturation. The error from the for-

mer approximation is expected to dominate, since

the saturation field Hs can only be calculated us-

ing differential permeability µd(H)≡ ∂B(H)
∂H at low

fields: µd(H < Hs) = Mr/Hc. Therefore, the satu-

ration field Hs = Ms−Mr
µd(H<Hs)

is calculated using low

field values (Fig. 2). The latter error is expected to

be small: µd(H > Hs)/µ0 ≈ 1.001.

The vacuum magnetic field ~B and the magnetic

vector potential ~A is calculated with the recent Bio-

Saw Biot–Savart law∗ integrator from the coil cur-

rents or plasma current, by assuming a thin conduc-

tor ~R(s): ~B(~r) = µ0
4π I

∫ ˆ̀(s)×(~r−~R(s))
|~r−~R(s)|3 ds and ~A(~r) =

µ0
4π I

∫ ˆ̀(s)
|~r−~R(s)|ds [2], where s depict distance along

the coil, ˆ̀(s) is a unit vector along ~R(s) and I the

current. The coil geometry is approximated with a spline (independently in each dimension)

and then numerically integrated [3] over the coil (along s) in each evaluation point~r indepen-

dently.

In addition to the vacuum field, also the plasma current produces a significant magnetic field.

If the current can be assumed toroidally symmetric, the field or vector potential can be acquired

quickly by evaluating directly the well known field due to a current loop [4, 5]. For the involved

elliptical integrals we exploit the SLATEC library [6].

3D-first wall from CAD data with ray-tracing and smoothing

The task is to extract the plasma facing components from an unordered and potentially large

CAD drawing database into a format useful for plasma physics codes. This is done by first

exporting the drawings to a simpler format, then extracting the plasma facing components by

ray-tracing and finally reducing the dataset in to the essential information. The procedure was

∗See also T. Koskela et al. (O4.109 in these proceedings) for employing of BioSaw for ITER ELM coils.
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developed within an EFDA Integrated Tokamak Modelling Task Force† project. The following

is a more detailed description of the method.

Figure 3: The method to pro-

duce the line family: The

red broken-line is manually

drawn. The blue curve is a

spline fit with the red lines

showing the ray directions.

The CAD drawings of all in-vessel components are exported

into a simple list of triangles in 3D-space. To select the rays

for the ray-tracing, a family of radial lines in a poloidal plane

pointing from the plasma to the wall is chosen such that the

entire poloidal cross section is covered. The process to create

the radial line family is illustrated by Fig. 3. The first step is

to manually draw such a guiding curve, that closely follows the

poloidal projection of the first wall, but is slightly offset towards

the plasma. A spline is then fit to this curve. The family of radial

lines is then formed by evaluating the normals of the guiding

spline. The lines are toroidally duplicated to form an arbitrarily

dense rectangular grid in toroidal-poloidal space and used as the

rays. Originally ellipses were used instead of arbitrary curves,

but later more flexibility is required for wider applicability.

Each line is then ray-traced to pinpoint the nearest-to-the-

plasma intersection with the wall. The intersection points now

describe the first wall with the requisite precision and consti-

tute a dense rectangular grid in toroidal-poloidal space. Unfor-

tunately, the grid contains anomalies due to numerical errors

and excessive details, such as screw holes, and hence needs fur-

ther processing. A smoothing spline is fitted to this 2D grid, where the ordinate is the distance

from the curve to the intersection. For different parameters of the smoothing spline fitting, dif-

ferent levels of details can be sustained, as is illustrated by Fig. 4. Since the defeaturing removes

most of the fine details, the final wall mesh can be significantly smaller than the original dense

grid. The guiding spline and smoothing 2D-spline can be evaluated at arbitrary locations to pro-

duce the final grid at arbitrary mesh size. The final wall is compared against the original CAD

data in Fig. 5.

Applications

In ref [7, 8] it was shown that the 3D features of the wall can have a dramatic effect on the

particle deposition patterns in test particle simulations. Recently the JET wall was produced and

†http://www.efda-itm.eu/

39th EPS Conference & 16th Int. Congress on Plasma Physics P5.058



Figure 4: The AUG wall defeatured with the smoothing strengthening from left to right.

the first results [9] show the importance of 3D features also in JET. The next step is to create

a similar wall describing the ITER tokamak, as well as produce a 3D-magnetic background

Figure 5: A detail from a com-

parison of the triangle data from

the CAD and defeatured wall mesh.

The blue triangles of the raw data

partly penetrate the yellow translu-

cent wall that roughly corresponds

to leftmost panel in Fig. 4.
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The first use for the ITER data will be calculation of fast

ion behaviour.
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