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. . . . Il. SPIRAL SUPERQUADRIC GENERATRIX
Spiral Super-Quadric Generatrix and Bodies of Two

Generatrices in Automated Parameterization
of 3-D Geometries

Very often, the generatrix has the form of a circle, ellipse, square,
rectangle, or rhomboid. Any of these primitives can be described by
the super-quadric function. This function can be represented in the
local ps-coordinate system as

N2/t i\ 2/t
(2) +(i) =1, a.b>0  t>0. 6]

a b
Abstract—Most of the methods that solve the surface integral equation ; .
(SIE) by the method of moments (MoM) use triangles and flat quadrilat- 2a ar!d 2 represent lengths of the_ main axes alopg and s .
erals for geometrical modeling. Many complex structures can be easily CoorQInates, and the paramet.eiete.rmlnes. the general shape of this
modeled by quadrilaterals combining spiral super-quadric generatrices function. For example, an ellipse is obtained for 1, a rectangle
and the concept of the body of two generatrices (BoTG). A BoTG is is obtained fort = 0, and a rhomboid is obtained for= 2.
any body that can be obtained from two generatrices by applying a | order that arcs and spirals can also be defined, (1) is modified

certain rule. Four simple rules for obtaining BoTG'’s are: 1) generalized . : -~ . : . .
rotation; 2) translation; 3) constant cut; and 4) connected generatrices. into the spiral super-quadric function, described by the following

Spiral super-quadric generatrices enable efficient modeling of circles, Parametric equations:
arcs, ellipses, squares, rectangles, spirals, etc. Thus, a simple but fairly

Branko M. Kolundzija and Antonije R. Djordjei

general algorithm for geometrical modeling is obtained, convenient for p = ga(l + cp) cosp, s = ¢b(1+cp)sing
implementation in electromagnetic-field solvers. (Cos‘p)z/[ + (sing)z/t = q_z/ﬂ o1 < <p (2
I. INTRODUCTION

Starting from the equivalence theorem, any composite metall-l—(pe parametep is an angle measured from thecoordinate axis,

and dielectric structure can be analyzed by using an surface inte and takes values from 1o w2. If o2 — 1 < 360°, various types

equation (SIE). Such integral equations are usually solved by ?Rg?‘rcs are obtalneq. tis dn’fgrent from zero ang, — ¢ > 3607,
- various types of spiral functions are obtained.
method of moments (MoM). Most of the existing MoM methods . . .
In order that a generatrix can be used for creation of bodies

use triangles [1], and ﬂ‘.”lt quadrilaterals [.2] for geometrical rnOde“ngbnsisting of quadrilaterals, it should be defined by a set of nodes

Any of these patches is completely defined by three or four nodés . o, )

. . . n the ps-plane. In this paper, positions of these nodes are defined

in space. In the case of user-friendly algorithms (e.g., WIPL [2] ]

nodes are defined by their-, y-, and z-coordinates, and patches y angles:

are defined by indices of the corresponding nodes. However, for

relatively complex structures, such a way of defining a geometry

can be very time-consuming. This difficulty can be overcome by invheren is the number of nodes.

troducing an automated parameterization of three-dimensional (3-D)n order that the executable code be user friendly, the following

geometries. default values for the above parameters are recommerided=
Most commercial electromagnetic-field solvers [3]-[5] modeltwot, + = 1, ¢ = 0, ¢; = 0° and g2 = 360°. In that case,

dimensional (2-D) and 3-D geometries in a similar way as AutoCARifferent shapes can be easily defined, as shown in Fig. 1(a): circle

[6], or can import structures from it. Many bodies of interest fofn = 16, « = 1), (b) ellipse(n = 16,a = 1, b/a = 0.3), (c)

electromagnetic modeling are represented by these solvers as boddegangle(n = 16,a = 1,b/a = 0.5,¢t = 0), (d) rhomboid

of revolution (BoR’s) and bodies of translation (BoT's). BoR'Sn = 16,a = 1,b/a = 0.5,¢t = 2), (e) spiral with circular

and BoT’'s are usually obtained by revolution and translation efirns (n = 32, ¢ = 04, ¢ = 1, g2 = 720°), and (f) spiral with

2-D objects. In addition, there are particular options for creatissyuare-shaped turrig = 32, @ = 0.4, ¢ = 1, 2 = 720°, t = 0).

of 2-D objects in the form of circles, arcs, ellipses, rectangles,

etc. For example, a circular waveguide, simple and stepped coaxial

Y1

<;¢=¢1+(i—1)w%. i=1,,n ©)

Ill. BoODIES OF TWO GENERATRICES
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A generalized body of revolution (GBoR) is obtained if the
. 4 first generatrix is rotated about theaxis according to the second
9 generatrix, as shown in Fig. 2(a). The first generatrix is placed in the
p-plane, i.e.pOz-plane, wherer andp are cylindrical coordinates.
The p;- and s;-coordinates coincide with thg and z-coordinates,
respectively. Positions of the-plane during rotation are determined
by positions of the nodes of the second generatrix. In addition,
coordinate in each of these planes is scaled. The scaling factor for the
ith plane is equal to the ratio of radial distances of itieand first
nodes of the second generatrix. Finally, the set of nodes in space,

@) (b) ©

P2jis + s2;iy .
——— + 51l

h r;j, iS obtained as
N Tij = Pl . (5)
\ ’ \% Py + 55,
’ A BoOT is obtained if the first generatrix is translated along the

second generatrix, as shown in Fig. 2(b). The first generatrix is placed
in the yOz-plane. Thep;- and s;-coordinates coincide with thg-
(d) () ® and z-coordinates, respectively. The set of nodes in spage,is

Fig. 1. Spiral super-quadric generatrices. (a) Circle. (b) Ellipse. (c) Rectapbtained as
gle. (d) Rhomboid. (e) Spiral with circular turns. (f) Spiral with square-shaped
turns. Tij = pajie + (P1i + s25)8y + s14t2. (6)

A body of constant cut (BoCC) is obtained if the first generatrix
is moved along the second generatrix in a such manner that all parts
of the body, that correspond to segments of the second generatrix,
have the same cut in places that are normal to the second generatrix,
as shown in Fig. 2(c). This cut is determined by the first generatrix.
The s;-coordinate coincides with the-coordinate. The set of nodes
in space,r;;, is obtained as

Tij = pajta + s2jty + P

(AS - Als_ )ia: + (AIP_ - ‘Al )iy
- - + -

{
+ o
1_ Ap, Ap_ _ Asy As_ + s14t2
I i
Apy =p2, jt1 — D2, Ast = 52 j41 — 52,5,

Iy = /ApL + Asd 7

for 1 < j < na. The same expression is valid fopr= 1 (j = n2)
except that terms\p_/I_ and As_/l_ (Ap+/l+, and Asy /1)
© (d) should be omitted.

A body of connected generatrices (BoCG) is obtained if the first
generatrix is connected to the second generatrix, as shown in Fig.
2(d). Note that in this case both generatrices must have the same
a certain rule. In this paper, each generatrix is defined by a setgfmber of nodes. The first generatrix is placed in i@y plane.
nodes in a locaps-plane. The first generatrix is defined by node®articularly in this case, each patch is defined by four nores,

(p1ir s13), @ = 1,---,n1, and the second generatrix is defined byi+1,:, 7, i+1, andriyy, i1, i = 1,---,n1 — L.

nodes(ps;, s2;), j = 1,---,n2. Any of these generatrices can be Thus, a simple algorithm for geometrical modeling is obtained,

defined manually, node by node, or automatically, by using soriénvenient for implementation in electromagnetic-field solvers. By
procedure, as described in Section II. A rule for obtaining a BoT@sing this algorithm, many complex structures can be easily defined.
consists of: 1) determination of a set of nodes in space and FQr example, a transition from square to circular waveguide [Fig.
connecting these nodes into quadrilaterals. In this paper, a set363)] is obtained as combination of three BoTG's (a BoT for the

nodes for all rules can be determined according to the genegguare waveguide, a BoCG for the transition, and a GBoR for the
expression circular waveguide). Finally, consider the coaxial-line T-junction,

shown in Fig. 3(b). The inner conductor is modeled by using three
BoCC'’s. The same model is applied to the outer conductor, except
(4) that the radius of the circular generatrix is changed.

Fig. 2. Four types of BoTG. (a) GBoR. (b) BoT. (c) BoCC. (d) BoCG.

T, = 1(P1iy Stis P2js S25)s i=1,---,n1, j=1,---,na.

Each quadrilateral is defined by four nodes;, ri11, ;, ri, j+1, and

ri+1,j+1. In what follows, four simple rules are described: gener- IV.  EXAMPLE OF ELECTROMAGNETIC MODELING

alized rotation, translation, constant cut, and connected generatrice€onsider the inner conductor of a complex stripline junction, which

In all these cases, the second generatrix is placed in the Cartesiansists of a T-junction and two bends. This junction is modeled by
2Oy-plane, and the- and sz-coordinates coincide with the- and combining three BoCC's, that are shown apart and together in the
y-coordinates, respectively. insert of Fig. 4. Note that in the final model each strip is divided into
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Fig. 4. Scattering parameters of complex stripline versus frequency. The
junction is shown in the insert with BoCC'’s apart and BoCC together. Strips
are 2.88 mm wide and the characteristic impedance of the striplines$s 50

V. CONCLUSION

The concept of bodies of two generatrices is introduced for
geometrical modeling of complex shapes. Such a body is obtained
by using two generatrices according to a certain rule. Four such rules
are given in the paper: generalized rotation, translation, constant cut,
and connected generatrices. Spiral super-quadric generatrices are used
for efficient modeling of circles, arcs, ellipses, squares, rectangles,
(b) spirals, etc. Thus, a very simple algorithm is obtained, convenient for
H]plementation in electromagnetic-field solvers.

Fig. 3. BoTG models of (a) transition of square to circular waveguide arl
(b) coaxial-line T-junction.
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