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A special correcting winding for the /=2 torsatron toroidal magnetic system with non-standard internal split-type
helical coils and with the coils of an additional toroidal magnetic field is considered. The numerical calculations
have shown that the winding action upon the initial magnetic surface configuration leads mainly to a displacement
of the magnetic surface configuration along the straight z axis of the torus.
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INTRODUCTION

In this paper the /=2 torsatron magnetic system with
non-standard (internal) splitting of the helical coils into
two equal parts is discussed. In this magnetic system
unlike the system with standard (external) splitting of
the helical coils [1, 2], maximum helical coil splitting is
observed on the minor torus equator, and the helical coil
splitted parts have the points of contact on the major
torus equator [3]. To control the position of the closed
magnetic surface configuration in the direction
perpendicular to the equatorial plane of the torus [4] a
non-standard (internal) split-type special correcting
winding (ISCW) is suggested. An idea on ISCW
magnetic field structure is obtained by numerical
simulations on the effect of this field as a minority
magnetic field imposed on the magnetic field of a well-
known configuration.

1. CALCULATION MODEL

The general geometrical characteristics of the
computation model (Fig. 1,a) are close to the design
characteristic of the /=2 torsatron U-2M with the
additional toroidal magnetic field coils [5]: toroidicity
a/R,=0.2618, a is the minor radius of the torus (average
radius of helical coils), R, is the major radius of the
torus; /=2 is the polarity; m=2 is the number of helical
coil pitches along the length of the torus.

The calculation model consists of two single-layer
helical coils, each comprises 12 filament-like conductor
turns. The helical coil is splitted into two equal parts,
each comprises 5 conductor turns of the helical coil. The
currents in the helical coils are similar in direction and
strength, the total current in the coil is equal to /. The
rest of two innermost conductor turns (one in each of
the split parts) are the turns of the ISCW. The ISCW
scheme is shown separately in Fig. 1,b. The ISCW
splitting occurs along the base helical lines 0(q)=mo

(dotted lines in Fig.1l,a,b) by the law
Ap&= | sin(mqo/2) | A@, where 0 is the poloidal angle, ¢
is the toroidal angle, A is current value of the toroidal
angle of splitting, A@=20°. It is seen that the ISCW
currents [ are equal in value but opposite in direction.
Below, it will be shown that | 1] <<f;.

In the present calculations, the transverse
compensating magnetic field B, is considered as
uniform, the additional toroidal magnetic field is
assumed to be axisymmetric (B,=B,R,/R, where B, is
the value of the additional toroidal magnetic field on
the circular axis of the torus and R is the radius of the
point of observation counted off from the torus
rotation axis z). The magnetic surface configuration
in the torsatron with additional magnetic field coils is
affected by the parameter K,=1/(1+B,/b,) too (b, is
the amplitude of the longitudinal component of the
magnetic field generated by the helical coils on the
circular axis of the torus).

2. RESULTS OF CALCULATIONS

Fig. 2 a, b show the poloidal magnetic surface cross-
sections calculated for the initial magnetic surface
configuration (/;=0) and for the case with superposition
of the ISCW magnetic field (/#0). The cross-sections
are spaced round a toroidal angle ¢ (see fig. 1a) within
the limits of a magnetic field half-period, ¢=0°, 22.5°
and 45°. In the figures, the inner circle is the cross-
section of a coaxial torus having the minor radius of
0.5a, and the outer circle is the cross-section of a torus
with traces of the conductor turns of the helical coils
(large black dots) and the ISCW turns (colour dots). All
the cross-sections of the last closed magnetic surface are
at the distance from the torus surface ~0.5a
(Bo/b,=1.56, K,=0.39). For the model under
consideration B,/b,=0.75.

Fig. 1. Top view of split-type helical coils of the computation model (a) with the ISCW indicated by colour lines (b),
Ag@is the toroidal angle of splitting. The helical base lines are shown as dotted lines. The toroidal azimuths of
poloidal cross-sections are indicated. The additional toroidal magnetic field coils are not shown
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As it is seen from Fig. 2 a, in all three cross-sections
the magnetic axis traces in the initial configuration are
disposed in the torus equatorial plane and the magnetic
axis major radius is invariable, R..,/R,=0.945. Unlike
the system with standard splitting of the helical coils,
the magnetic surface configuration shifts inward the
torus as the angle of internal splitting of the helical coils
increases. The value of the average radius of the last
closed magnetic surface is r/a=0.27 (r/R,=0.07), the
rotational transform angle on the magnetic surfaces
1=0.44—0.5 (in 27 units), there is a small magnetic well
—U=0.023 in the configuration, and the mirror ratio
ranges within y=1.004—1.21.

Fig. 2 b shows the magnetic surface cross-sections
for the case when the current | 7] in the ISCW turns is
0.021y. It is seen that all the cross-sections, following the
magnetic axis displacement, are displaced down by
~0.1a relative to the equatorial plane. When the current
direction in ISCW turns changes to opposite one, the
magnetic surface configuration displaces up by the same
distance. As the magnetic axis displaces, it is gradually
changing from a plane one to a spatial one with the
minor radius value of r,,/a<<l. The average value of the
last closed magnetic surface radius is r/a=0.26
(n/R,=0.068), the formation of a magnetic island
structure is observed. The values of rotational transform
angle, i=0.46—0.57, the magnetic well depth, -U=0.02,
and the mirror ratio, y=1.09—1.2, do not differ
substantially from the corresponding parameters of the
initial magnetic surface configuration.

3. MAGNETIC FIELD OF THE ISCW

Some idea on the ISCW magnetic field structure may
be obtained by numerical simulations on the effect of
this field as a minority magnetic field imposed on the
magnetic field of a well-known configuration. To study
the magnetic field of the ISCW (see Fig. 1,b) the
axisymmetric toroidal magnetic field configuration was
chosen. For this purpose it is sufficient to calculate the
model assuming /,=0 without changing the value and
the direction of the additional magnetic field B, and the
ISCW current | 7] . The bo/B,~0.002 ratio is taken to be
a measure of the contribution from the ISCW magnetic
field as a minority magnetic field. Here b, is the
magnetic field generated on the circular axis of the torus
by the ISCW turns with the current /. The numerical
studies were carried out for the geometry of the initial
calculation model of the /=2, m=2 torsatron, taking
A =35°.

Fig. 2,c shows the positions of the traces (dotted
lines) calculated for five field lines of the resultant
magnetic field at the different poloidal cross-sections of
the torus. The starting points in the field line
calculations are at R~R,ta in the poloidal cross-sections
@=0°. The colour points at the torus cross-sections mark
the positions of the ISCW turn cross-sections. It is easy
to see from the figures that the field lines of the
resultant magnetic field look like spirals turning in the
direction of major radius R decrease. The geometric
singularities of spirals allow us to conclude about the
properties of the poloidal components By and By, of the
ISCW magnetic field.

¢=0°

@=22.5°

@=45°

Fig. 2. Characteristic poloidal cross-sections (see Fig. 1a) of the initial configuration of the magnetic surface in the
calculation model of I=2 torsatron (a) and in the case of the imposed ISCW magnetic field (b), traces of field lines
of the toroidal magnetic field in the poloidal cross-sections of the torus in the case of the minority magnetic field of

the ISCW superposition (c). The cross-sections p=0° of the equiconnect [6] are shown by dashed lines
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The spiral pitch is gradually decreases in the
direction of major radius R decrease. It means that the
values of the components By and By, are proportional to
the radius R (Bsz, Bs~R). Besides, the observed
constancy of the tilt angle of the spiral trace lines to the
torus equatorial plane points to the constancy of the
Bg,/Bgg ratio value in these lines. As the trace line shape
of a single spiral remains unchangeable in every
poloidal cross-section, the observed ISCW magnetic
field properties are the same over the full length of the
torus.

In the torus equatorial plane the last spiral pitch is by
a factor of ~10” smaller than the starting pitch. Here, the
component By, is zero and the spiral is the plane curve.
The curve is well described by the equation:

R=R,-a(1-2(tan(¢/8N))*"?),

where 0<@<2nN, and N is the number of spiral
pitches (N=150). With the colliding beam fusion
reactor concept [7] in mind, an interesting possibility
arises in the case of practical realization of the spiral
magnetic field in the torus. The calculated large initial
pitch of the spiral gives a chance for the charged particle
injected from the starting point of field line calculation
to “miss” the injector and to hit it only after many
hundreds of rounds along the torus, being reflected from
the region of enhanced magnetic field. It is necessary to
make clear the peculiarity of charge particle trajectory
in the magnetic field.

CONCLUSIONS

The influence of the magnetic field of the new-
type special correcting winding on the centered
magnetic surface configuration with a plane magnetic
axis and increased clearance between the last closed
magnetic surface and the torus surface has been studied.
The configuration is realized in the model of the /=2,
m=2 torsatron with non-standard internal split-type
helical coils and with additional toroidal magnetic field
coils.

The calculations have shown that the ISCW action,
similar to the split-type SCW action [3], upon the initial
magnetic surface configuration leads mainly to a

displacement of the magnetic surface configuration
along the straight z axis of the torus. The displacements
of ~0.1a are not critical for the magnetic surface
parameters. In the torus equatorial plane the ISCW
magnetic field is directed, predominantly along the
major radius of the torus within torus volume.
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CIIEIIMAJIBHASI KOPPEKTUPYIOIIAA OBMOTKA JJIs1 I =2 TOPCATPOHA C BHYTPEHHUM
PACHIEIVIEHUEM BUHTOBBIX OBMOTOK

B.I'. Komenko

PaccmoTpena cnenmanbHas KOPPEKTUPYIOIIas 0OMOTKA I MATHUTHOM CHCTEMBI JIByX3aXOJHOT'O TOPCATpPOHA C
HECTaHJApPTHBIM (BHYTPEHHUM) pACIIEIUICHUEM BHHTOBBIX OOMOTOK M C KaTyIIKaMd JIOTIOJHUTEIHHOTO
TOPOUJAILHOIO MArHUTHOTO TOJisd. UWCICHHBIC pacyeThl IMOKAa3aliM, YTO JCHCTBHME OOMOTKM HAa HCXOJHYIO
KOH(UTypaIMI0 MATHATHBIX TOBEPXHOCTEH MPUBOANUT MPEUMYIIICCTBEHHO K CMEIICHUIO KOH(OUTYPAIIUH MarHUTHBIX
MOBEPXHOCTEN BJIOJIb MPSIMOM z OCH TOpa.

CIIEINAJIBHA KOPUI'YIOYA OBMOTKA JJISA I =2 TOPCATPOHA 3 BHYTPIIIHIM
PO3IIEIVIEHHSAM I'BUHTOBUX OBMOTOK

B.I'. Komenko

PosrngHyra cremiaspHa KOpUryloda OOMOTKa JUIS MAarHiTHOI CHCTEMM [J[BO3aXOZHOTO TOPCATPOHY 3
HECTaHIAPTHUM (BHYTPIIIHIM) PO3IIEIUICHHSIM TBUHTOBHX OOMOTOK Ta 3 KOTYIIKaMH JOJAaTKOBOTO TOPOINaIbHOTO
MarHiTHOro mnois. YucesnabHi pO3paxyHKH IOKa3ajiu, IO Ais OOMOTKM Ha BHXIJHY KOH(Irypariro MarfiTHHX
HOBEPXOHb 3BOJIUTHCS MEPEBAKHO JI0 3MIIEHHS KOH(Irypaiii MarHiTHUX MOBEPXOHb y3JIOBXK IPAMOI z OCi Topa.
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