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Abstract—This work presents the shaping of axis-symmetric
dual-reflector antennas with a uniform-phase aperture illumina-
tion. The shaping procedure is based on the consecutive concate
nation of conic sections, in order to provide a desired aperture-
field distribution under geometrical optics (GO) principles. The
procedure is simple, has fast numerical convergence, and is
valid for any circularly symmetric dual-reflector configuration. DM
To illustrate the shaping procedure, an axis-displaced Cassegrain My
(ADC) is designed to provide a uniform aperture illumination.
The GO shaping results are validated using accurate method-of-
moments analysis.

I. INTRODUCTION

Recently, a procedure for the reflector shaping of circularl
symmetric dual-reflector antennas has been presented [1].
The procedure is based on the consecutive concatenation of
conic sections to describe the generatrices of the sub- and
main-reflectors, in order to provide an aperture illumioati
with a uniform phase distribution together with a presalibe
amplitude distribution. The procedure improves tradiion
methods [2],[3] as no ordinary differential equation must b Main Reflector
solved to obtain the shaped reflector surfaces. The tecaniqu | \
also provides an one-step procedure, improving the two-ste
procedure based on ray tracing developed in [4]. Fig. 1. Dual-reflector shaping by consecutive conic sestion

However, in [1] the authors adopted rectangular coordmate
to describe the conic sections employed in the representati

of the shaped-reflector generatrices. For that reason,née dne yniform illumination of the aperture. We investigate th
step procedure presented in [1] is based on a nonlinggfnyergence of the procedure compared to another where an
algebraic equation, which was approximated to provide Bmp,dinary differential equation is numerically integratiedob-
iterative solution. _ ___ tainthe shaped surfaces [3]. The radiation charactesisfithe

In the present work we improve the formulation in [llntennas are numerically obtained by a method-of-moments
by using polar coordinates to represent the conic sectiofigiom) analysis in order to validate the applicability of the

The present procedure renders a one-step iterative pn&editoposed shaping technique, which is based on geometrical
with simple linear algebraic equations, thus avoiding amyptics (GO) concepts.

approximation to attain the numerical solution besides the
conic representation of the reflector generatrices. Amothe 1. SHAPING-PROCEDUREFORMULATION

mterestlng. feature of _the present formulatl_on IS _that Nakid The basic idea is to represent the reflector generatrices
for any axis-symmetric dual-reflector configuration.

In th ; tion the f lation based . i E¥ conic sections consecutively concatenated, as depicted
_'nthe next section the Tormulation based on conic sectio 9. 1. Notice that an ADC-like configuration will be adopted
is presented. Then, a configuration based on an ams—dechlago

. . . illustrate and derive the shaping formulation, but thealfin
Cassegrain (ADC) is adopted to illustrate the usefulness II i lid f f : :
. i i the f - tricl
the procedure. The ADC-like antenna is shaped to prowg)OCedure Is valid for any one of the four axis-symmetricdua

flector configurations [5],[6].

This work was supported by CNPq, CAPES, FAPEMIG, and FAPERJ, The conic sections _descriping the SUbreﬂe_CtSﬁv@ =
Brazil. 1,..., N) have two focci. One is always at the origih(where
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Main Reflector ,/. of the shaping procedure is obtained from (1):
M
4 1 n
(Xn:Zo Jg " Frao1 = : )

by, cosO0pn_1 4+ dpsinfpp,_1 — 17

(X 2 ) wherefg,, 1 andrg,_; are known from the previous step
n-1n-1/4 (n — 1). The iterative process starts at= 0 with o = 0
'€|\/| and rpog = Vg, where Vs is the desired distance between
!i1Vin-1 the feed phase-center and the subreflector apex (see Fig. 1).

¢
Observe that the variabltg-,, controls the steps of the shaping

Subreflector iterative procedure and is uniformly varied frofao = 0 to

. the subreflector edge &y = 0, such thatAdr = 0, —

S, 7  Ora—1 = Og/N. In principle, the accuracy of the shaping

—. = . e —_ procedure is increased by decreasihgy.

________________ _‘____T_Z_C_n__\i%}_ > The second shaping equation is obtained by enforcing a
Axis of Parabola M, P constant path lengtd, from O (i.e., from the feed phase

< E | center) to the aperture plane (assumed at 0) to ensure

a uniform phase distribution. From the polar equations pf

and M,, one can show that

Parabola

Fig. 2. Conic-section parameters.

2, 2,

L, =2F, + n 2¢,, cos B3, = 2F,, + L(1 —b,). (6)

€n €n

the feed phase-center is assumed to be) and anottier &s The constant path length, must be specifiec priori. For

n is varied froml to N, P, spans the locus of the subreflectodesign purposes, notice thatis approximately equal to twice

caustic. P, is also the focus of the parabola sectidd,, the distance between sub- and main-reflectors.

that describes a portion of the main reflector. The parabolaThe remaining equations are obtained from the conservation

axis, passing througt?,, is always parallel to the symmetryof energy and from the mapping relation between the feed ray

axis of both reflectorsz( axis), such that all main-reflectordirection 6 and the aperture Cartesian coordinatg¢which

rays arrive parallel to each other at the antenna apertigealso thex coordinate of the main reflector). The mapping

plane, providing a uniform phase distribution according@ relation betweerd» andz is given by [7]:

principlt_as. Anpther_ GO principle that will _be used to define Zn L+ by + 2an/ly — dycot Oy

the conic sections is that the energy contained in the bwfdle - = .
; . : ) 4, dp, + (b, — 1) cot Opy,

rays departing fronD and intercepting the subreflector conic . . _

section S,, is conserved at the antenna aperture after bei®§, from (7) atfr = 6r,, one obtains the third shaping

reflected by the corresponding main-reflector parabidla equation:

In order to uniquely define sectionS, and M,,, four Tno1 1+ by +2an/ly — dy cot Opp_y
parameters must _be determined: the fo_cal distaﬁgeof ‘. = dyy + (by — 1) cot Orm_1
the parabola section/,, the interfocal distance (i.e., the ) ] ) ) )
distance betwee® and P,) 2c, and the eccentricity,, of wherez,,_; is the main-reflector coordinate obtained in the
the subreflector coni§,,, and the tilt angle3, of the axis of Previous iteration (see Fig. 2). _ _

S,, with respect to the--axis (see Fig. 2). So, four equations In order to use (7) as the forth shaping equation, one must

()

; (8)

are needed. obtain the new coordinate, of the main reflector. This is
From the polar equation of,, one obtains the following accomplished by applying the conservation of.energy along
relation: the tube of rays that departs fro@ (the location of the
feed phase-center) and arrives at the aperture plane afteg b
TEn = en(en —1/€n) reflected by both sub- and main-reflectors. The conservafion
en cos(fy — ZFn) -1 energy is mathematically described by the following insgr
= - , 1) Orn n

bn cosOpn + dn sinOpn — 1 Gr(0r)r3 sinbp dip = Np / Ga(z)zdr (9)

where 0 Dg/2

whereGr(0r) is the circularly-symmetric radiated feed power

Zn = cnlen ; 1/en), (2) density,G 4 (x) is the desired aperture power density, and
n = €n COS Up
Or 2 .
d, = e,sinf3, , (4) Np = fo G;\E?j) r% sinfp dop (10)
G d
0r,, is the feed ray direction (with respect to thexis) toward I Dp/2 az) zdz

the superior extreme of,, (see Fig. 2), andp,, is the distance is a normalization factor that assures that all feed power
from O to S,, along the ray-directiof,,. The first equation intercepted by the subreflector is conserved at the antenna
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aperture. In (9) and (10))p is the projected diameter of the
main-reflector opening anB,, is the projected main-reflector | Classical
diameter (see Fig. 1). Both,; and D are input parameters — ISl
for the shaping process. In principl®p > Dg to avoid the
subreflector blockage of the main-reflector reflected rayk an
also to allow the feed access to the principal foaQ} ¢f the 2f
dual-reflector system (see Fig. 1). Observe that,rfor 0,
xn, = Dp/2. After x,, is numerically calculated from (10),
the forth shaping equation is (7). 151

Substituting (5) and (6) into (7) and (8) one obtains the
following linear system:

25} :
” Main-Reflectors

p(m)

fibp + g1dn = hy (11)
fabn + gody, = ho (12) 05} Subreflectors
where /
or _—> B
fi = Tn €0t Ot — b — 21 0Ot (13) m Ve
f2 =Tn cot an - go - 27‘Fn—l Ccos an—l (14) 15 1 05 0 05 1
g1 = Tp_1+LocotOpp_1 — 2rpp_1sinfp,_1 (15) Fig. 3. Sub- and main-reflector generatrices of the claséitmted lines) and
go = 2 + Lo cOt Opp — 27 Fn_1 S0 Opn_1 (16) shaped (solid lines) ADC’s. The caustic refers to the shapdxieflector.
hl = Zp—1coOt anfl + go - 271an1 (17)
hy = @n cOLOpn + Lo = 2rrn—1 . (18) I1l. OTHER DUAL-REFLECTORCONFIGURATIONS
The solution of (11) and (12) gives The formulation derived in Sect. Il assumed an ADC-like
hios — I configuration, as illustrated in Figs. 1 and 2. For other dual
b, = Mgz — hagL (19) reflector configurations [5],[6] one should proceed as fedo
J192 = 201 For a dual-reflector configuration based on an axis-disglace
= Jiha — falu ) (20) Gregorian (ADG) one just needs to change the signeof
f192 = fagn after calculation from (9). For an axis-displaced ellipA®E)

The conic parameters are then calculated as follows. THenfiguration, the feed illumination toward the aperture is

parameters;,, and 3, are calculated from (3), (4), (19), and'€versed. In this case, (9) must be replaced by
(20). Then,a,, and, consequentlyc, are calculated from (2) Orn D /2

and (5). Finally,F,, is calculated from (6). Gr(0p)r sinfp dip = NF/ Ga(x)xdx
With the conic parameters determined, the subreflectott poin o (25)
atfr = 0r, is located by the vector where, forn = 0, z,, = D /2. Finally, for an axis-displaced

hyperbola (ADH) configuration, one must use (25) to caleulat

"Pn €08 O0pn £+ 1pn sinbpn & O changing its sign afterward.

whererg,, is given by (1). The corresponding main-reflector
point is located by the vector

IV. RESULTS AND DISCUSSION

In oder to illustrate the procedure presented in Sect. Il, an
Zn 24Ty &, (22) ADC-like configuration was shaped for a uniform aperture
distribution. The configuration is exactly the second examp
where the Cartesian coordinatg is given by the parabola presented in [1]. The shaped ADC antenna is compared against

equation ofM,,: a classical ADC configuration with the following geomettica
) ) parametersDy; =6 m, Dg = 0.6 m, Dg = 0.6 m, ¢, =3 m,
2, = (@n = 2cnsin )" F, + 2¢, cos By . (23) andfp = 30°. From [6] one obtains/s = 0.409 m. The
4y, operating frequency is 5 GHz, such that, ~ 100 \. The

Finally, the location ofP, at the subreflector caustic is giversUP- @nd main-reflector generatrices of the classical ADC ar
by the vector illustrated with dotted lines in Fig. 3.

Applying the shaping procedure of Sect. Il, the ADC

2¢, €OS By 2+ 2¢cp8in B, T . (24) configuration was shaped to provide a uniform amplitude
distribution over the illuminated portion of the apertuie.(
The steps are repeated uritify = 0 (i.e.,n = N). G 4(z) constant fromeg = D /2 to iy = Dy /2). The feed
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Fig. 5. RMS error of the shaped reflector surfaces as functfoff .

Fig. 4. E-plane radiation patterns of the classical (dadlme$) and shaped
(solid lines) ADC’s. Reflectors shaped withdr ~ 10~ x 0%.

x10°

—— Maximum error at subreflector rim with differential equation
- — - Maximum error at subreflector rim with conic sections

|S the Same adopted |n [1] 3.5 — = Maximum error at main-reflector rim with differential equation

“““ Maximum error at main-reflector rim with conic sections
Gr(0F) = cos®?(0p/2)/r% (26)

with p = 83 to provide —25 dB taper atdr = 0 [1]. The
shaped reflector generatrices are plotted with solid limes i
Fig. 3 together with the shaped subreflector caustic.

Both classical and shaped antennas, fed by the feed model
of (26), were analyzed by a MoM technique. The radiation
patterns in the E-plane are depicted in Fig. 4. As expected,
the gain of the shaped antenna (49.28 dBi) is higher that that
of the classical configuration (47.65 dBi). The side-lobele ) = oY
of the shaped antenna are also higher (about 7 dB) than those log( A8,/8 )
of the classical configuration, as expected.

The shaping procedure of Sect. Il is simpler and, coifrig. 6. Maximum error (at the reflector rims) of the shaped réflesurfaces
sequently, faster than traditional procedures based on #idunction ofAfr.
numerical integration of ordinary differential equatid@[3].

Another important feature is the numerical convergence of

the present procedure, which provides the same accurdghavior (i.e., the RMS error is actually dominated by the
of traditional procedures witi\@ steps about 1000 timesmaximum error at the reflector rims).

bigger. To illustrate this, Fig. 5 presents the RMS errorhef t
shaped reflector surfaces as functionf. The reference

surfaces are obtained from a traditional shaping procef@lre [1] Y- Kim and T-H. Lee, “Shaped Circularly Symmetric Dual Reflor
pIng p m Antennas by Combining Local Conventional Dual Reflector Syst”

Maximum Error (\)
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