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The base methods, algorithms and standard programming tools which using for 3D images and for visualization
by projection of the toroidal stellarator magnetic system screw-type winding were represented in this article. Work
of the computer program for screw-type winding images manipulation and for necessary geometry information

about given object receiving was represented.
PACS: 62.20. ja

1. INTRODUCTION

Considerable technical problems are appearing
under toroidal stellarator magnetic system designing.
These problems connected with construction geometry
description and with creation images of the complicated
construction elements with difficult shape and big
overall size [1]. Such kind of working requires a high
level accuracy and enlists a lots of specialists and it is
also spends a lot of time. Modern computer techniques
make available to find solution onto qualitative new
high level. For this is necessary to develop
mathematical models [2] and algorithms [3] in goal to
create interactive systems for receiving geometry and
computer images of screw-type winding.

The goal of given work is development such kind of
program with possibility to create 2D and 3D images of
screw-type winding.

2. MATHEMATICAL MODELS FOR
GEOMETRY DESCRIPTION

Mathematical modes for geometry description of the
screw-type winding surfaces are describes as solution of
the systems of transcendental and non-lineal first order
differential equations. Such kind equations provide
receiving of the coordinates of the characteristic
elements of screw-type winding as data array.

Under development models it is necessary to taking
into account following features of the stellarator
magnetic systems:
¢ Complex space shape;

* Periodical configuration of screw-type winding pole;

* Huge overall size;

* Screw-type winding surface do not have evolvent;

* Screw-type winding surfaces formation as result of
fixed plate figure movement along winding line;
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where ¢ — meridian cross section angle of winding line;
a, B — modulation coefficients; m;, — numbers of
winding conductor steps; / — numbers of the winding
conductor entrance; £=0,1,....m —1 — numbers of

poles. Coordinates of this point is possible to formulate
by angles § and 9 :
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where §, 0 — coordinates of the point of intersection

of normal plane and winding line; c?,(g — coordinates
of one of normal cross section pole edges. Impart
consequentially §, values 19_1,3_2,...,19_N it is possible
to give coordinates corresponding line points. Such line
is described by one of the vertex of normal cross
section. Array formed by this way is a data about line
formed by pole edge. Similar way it is possible to take
arrays, which was characterized other poles. Length of
the normal cross section middle line by their angle width
is main element, which was defining the shape of pole.

Shaft-bow length of middle line determine from
following formula:
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+[Ry+ (a+ h/2)cosh 7 dh 2,
therefore
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here 4 is pole high Ry, a is longer and shorter tore radius
respectively.

Differential dependences between angle § and shaft-
bow of middle line S are:
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here V x>V ;,V . — components of the velocity of point

with coordinates §, ¥ .

Equations (5) and (6) are possible to consider as
system of two non-linear first order differential
equations. By solving this system taking into account
initial conditions § = §, 0 =9 at $=0 it is possible to

determine dependence 4 = 8(S) and ¢ = ¢§(S). From this
dependences determine desired value S

3. REALIZATION OF ALGORITHM

Realizations of screw-type winding surface model
algorithms are following:

¢ Kinematics designing method with possibility
surface modeling by fixed cross section (pole shape)
moved along winding line. Verge of such kind of
cross section is surface of the pole[3];

* Raster representation of modeled surface. Modeled
surface is mesh lay onto given surface. Mesh
elements are screw-type winding median pole set
and guides. Coordinates of angles of such kind mesh
is calculated and kept as array in computer memory;

e Usage of Bezier spline determining of points
coordinates when points are located arbitrary at
modulated surface [3].

T2

Screw-type winding with trapezoid pole (2) and
magnetic surfaces (1)

Computer program for obtaining images screw-type
winding poles realized by C code and used existing
program libraries MCF 6.0 and Stingray Objective
ToolKit 6.0. For 3D images was using TGS Open
Inventor V2.62 and TGS 3D Mastersuite V3.62.

Results of realizations following algorithms are
represented on figurel. On this figure is shown raster
representation of screw-type winding with trapezoid
shape of pole. Front and horizontal projections of given
of screw-type winding is shown.

4. CONCLUSIONS

Given interactive graphic system make possible
appreciably increase developers labour productivity at
all level of the stellarator system designing. Using
modern computers libraries and standard graphical
systems make possibility to modeling stellarator
systems on computers and after that developing all
necessary technical documentations.
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METO/bI U AIITAPATHO-OPUEHTHPOBAHHBIE AJI'OPUTMbI CHHTE3A N306PA’KEHUS
BHHTOBBIX OBMOTOK CTEJJIAPATOPHBIX CUCTEM

B.I1. Bopoovesa, M.C. Kpyzonw, B.1L. J/Iykvanosa, C.A. Mapmuinos, E.B. Pyoviues, A.F0. FOpkun

B crarbe n3moxeHb OCHOBHEIS MCETO/bI, AJITOPUTMBI U CTAHAAPTHBIC MPOTrPaMMHBIC CPEACTBA, UCIIOJIb3YCMbIC IS
MOJIy4YCHUA 3D—1/1306pa>1<eH1/1;1 u 14306pa>1<eH1/1;1 IO MPOCKUHAM BUHTOBBIX 00MOTOK TOPOUAAIIBHBIX MAarHUTHBIX CUCTEM

CTCJUIapaTOpHOTrOo  THIIA.

Onuncana paboTa KOMIBIOTEPHOH HPOTrpPaMMBL,

MO3BOJIAIONIEN  MaHUITYJIHPOBATh

M300pakeHIEM BUHTOBBIX OOMOTOK M TIOTy4aTh HEOOXOIUMYIO HH(POPMAIIHIO O TEOMETPHH MOJCINPYEMOT0 OOBEKTA.

METO/1 TA AITAPATHO-OPIEHTOBAHI AJITOPUTMU CUHTE3Y 30bPAKEHHS
I'BUHTOBUX OBMOTOK CTEJAPATOPHUX CUCTEM

B.II. Bopoéiiosa, M.C. Kpyzons, B.II. Jlyk’anosa, C.0. Mapmunos, €.B. Pyouues, A.I10. IOpkin

B crarTi HaBe€HO OCHOBHI METO/IH, AJITOPUTMH Ta CTAaHAAPTHI NPOrpaMHi 3aCO0H, 1110 BUKOPUCTOBYIOTHCS JUIS
orpumanHs 3D-300paxkeHHs Ta 300paKeHHS 0 MPOEKIiSIM TBUHTOBUX OOMOTOK TOPOiMajJbHUX MAarHiTHUX CHCTEM
cTenapaTopHoro Tumy. OmucaHo poOOTy KOMII'FOTEPHOI MpPOrpaMu, IO J03BOJISE MAHIMyJFOBATH 300pasKCHHIM
TBUHTOBUX OOMOTOK 1 OTpUMYBaTH HEOOXiAHY iH(QOpMaIlil0 PO TeOMeTpito 00’ €KTY MOIEITIOBAHHSL.
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