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The paper presents a new highly sensitive “e-beam” method of determining
misalignments of elements in the ITER magnetic system on the base of magnetic
measurements (MM). For the period of MM experiments it is suggested to make a “tokamak-
stellarator” hybrid (ITER-S) by means of addition to the ITER magnetic system of a new, not
helical  Saw Tooth-shaped Coil1 (STC) in order to provide the creation of “resonance”
magnetic surfaces with the angles of rotational transform t = n/m = 1/2 or t = 1/3. In one of
variants the STC parts can be introduced into the vacuum vessel through the largest port and
assembled into a single coil.

We propose a highly sensitive “e-beam” method using the luminescent rod, i.e. the fastest
and most accurate method giving a direct pictures of magnetic surface structure. In the
method proposed the basic component of the equipment  is a small (∅≈1.5mm  ) metal rod
coated with a thin phosphor layer. In other poloidal cross-section the electron gun, movable
along the minor radius of the torus, is placed. The pictures of many “magnetic surfaces” are
obtained by photographing the light emitted by phosphor due to electrons striking the rod.
Experiments on the Uragan-3M torsatron have shown that up to 15 contours of “magnetic
surfaces” can be registered. The typical resolution δr along the minor radius is of the order of
δr ≈ (3 –5)mm.

The calculations of the ITER-S magnetic configuration show that due to the turn of the
poloidal field coil PF3 (radius Rc = 12.01 m) around the axis X direction at an angle αααα = 1’
the resonance structure is formed with  t = 1/2 and the maximum island width δδδδo ≈≈≈≈50 mm.
Under this tilt the maximum misalignment of coil elements from the design position ∆∆∆∆αααα  is
only 3.5 mm. The vertical and horizontal magnetic field components in the resonance region
are changing by the value bj ≈ (0.5 – 0.6) G, that corresponds approximately to the relative

value of perturbation bj/Bo ≈≈≈≈ 1*10-5. Generally in similar cases one uses the estimation for
the transversal island dimension: δo = 4 (bmn Ro/ m Bo t’)1/2 , where Ro is the major radius,
t’ =dt/dr at the rational surface. For the resonance structure m=2, n=1 with the maximum
island width δδδδo ≈≈≈≈50 mm be created it is necessary to have a perturbing field with an harmonic
amplitude bmn ≈ 0.3 G. The calculations show that the decrease of the coil tilt angle up to
α=1⁄4′ results in the proportional decrease of the bj components and approximately in the 2-

fold decrease of δo in the island structure (δδδδo ≈≈≈≈ 25 mm). Remind, the value  of  “resolution”
(δr) given by the proposed method of MM is equal to δδδδr ∼∼∼∼(3 – 5)mm (i.e. δδδδr << δδδδo).

So, we have found the means for identification of misalignments in the case of
magnetic system elements deviation from the design position to the values ∆∆∆∆αααα ∼∼∼∼ 1 mm that
leads to the relative values of perturbing fields bj/Bo ≈≈≈≈ 3 10 –6.

                                                            
1 The STC winding was proposed and investigated for the first time by A.V.Georgiyevskiy and V.A.Rudakov
together with the scientists of Wiskonsin University in 1995.


