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SUMMARY :

°

Theoretical treatment is presented of the energy lost by blockihg

and means are indicated to minimize this blocked energy for front-fed
paraboloid antennas. Although cassegrain antenna appears to have a
better location for the primary feed for service purposes and low circuit
noise, the start of the report deals with various aspects of blockage
effects for front-fed paraboloid only. Calculation for the blocking
influence of the special primary feed (Experimental feed, DSS OISU-
36100-5-0313) and its one Strut supporting structure on the general
directive gain pattern is computerised. The computer prbgram deals
with detailed analysis of the blockage efficiency with respect to .
scveral parameters, such as the aperture illumination, dimension of tne
Flanged feed and its strut, F/D ratio, and the shaping of the suppert.
The purpose of this work is to explain and calculate these various
effects with regard to antenna efficiency and to outline‘the design
prinéiples for the support of this experimental primary feed.A The
analysis and computation 6f the blockage hasyﬁeen extended for.tﬁo
cases of dual reflector systems (classical/shapéd-subreflector).
The complete computer programs are made to handle the three differ-
ent cases mentioned above with minimum effort. Test cases are listed
toward the end of the report to help the designer operate the program

and seek the desired output information.
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INTRODUCTION:

It is common knowledge that in front-fed paréboloid the primary feed is
considered a free space point source (reflector reactoris neglected) situated
at thelfdcus of the paraboloid. That is, within the cone‘of illumination
falling oh the reflector the incident wave fronts differ negligibly from
spheres about the focus (spherical wave front). On reaching the main dish,
these spherical waves are reflected in accordance with ray optics, and because
of the antenna geometry employed, the rays emerge parallel, with a plane wave
front forming a collimated beam. As a first order approximation, the problém
of the blockage by the feed itself and its supporting structure can bé tackled

if the interaction between the obstacles and the source (multiple scattering

processes) is assumed to be of secondary importance (Silver, 1949; p. 130)

and that the shadow of the obstacles on the aperture or the reflector surface
does not radiate. Usually, ray optics is used to define a spherical wave
shadow (centre of the focus) when the obstacle is inside the main cone of illum-
ination and a plane wave shadow for the outside obstacle e.g. the feéd itself

is a plane wave shadow while any of the supporting strut would in general have
two parts depending on the way it bends toward the reflector (Dijk et al, i968).
The literatures point out that radio frequency shadow wider than optical one
which can 6nly be used as an approximafion (Ruze, 1968). But the limitaﬁion on
the use of optical shadows, thickness of the supporting legs 2W and the

diameter of the circular symmetric central blocking D = 2R2, (Trentini,

S
1965; Kay, 1965; Mei and Van Bladel,” 1963) are all in agreement with the case to
be studied in this section of the report as long as we concentrate on the neigh-

bourhood of the bore-sight radiation pattern of the antenna, 6 max = 2v %?- (Width

Main Beam) , (Afifi, 1967; p.20).; Whether the dish's current distribution
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or the aperture field method (Silver, 1949; p.144) is used to determine the
sec0ndéry pattern of the unblocked reflector, a surface current cancellation
on the shadowed part of the reflector or the ''zero field>concept” on the
blocked part of the aperture indicate how the obstacles puiturb the secondary
pattern of the antenna. Mathematically, they are regarded as producing a
field equal in amplitude but 180° out of the phase with the original ﬁnblocked
distribution over the area that the shadow covers, In this way zero illumin-
ationkis obtained over the blocked parts and the pérturbqtion can be calculated
and studied for the different design of supporting the‘feed.. For the experi-
mental feed (Shafai et al, 1976) the optimization of the unblocked antenna
supplies us here with the following information:

- the radiation pattern of the primary feed, Gf(e');

the diameter of the experimental primary feed Dg;

the ratio F/D or the aperture subtended angle 3.

the program of calculating the 10° near the main axis of the
unblocked secondary radiation pattern.

The purpose of the proceeding section is to study, for the above data, the
effect and the influence on the directive gain pattern, especially the boresight
gain, by different subshadows. The resulting effects:

- decrease of the antenna gaiﬁ factor, generally éxpressed by
the relative blocking cbefficient nB/no . where ho is the
éfficiehcy of the unblocked aperture;

- increase of the side lobes of the antenna pattern, by studying
the different contribution of the subshadows;

- the cross polarization for different locations of the struts

design, especially the unsymmetric ones.

are programmed to yield a flexible search for a simple support with least




reduction in the antenna efficiency.
The previously described analysis (approximate)‘ofAthe strut, blocking has
been based on the null-field hypothesis (currents/fields on the shadowéd pértion
of the Surface/aperture are non-radiative), fails to take into account the depth, ‘
cross-section, tilt of the struts and does not provide any differences for fre- .}
quency or polarization effects., The "induced field ratio, IFR" (Rusch,.1974),
defined as a measure of the scattered field by an infinitely long cylindrical
scatterer when it is immersed in an incident plane wave, is considered a useful
firsﬁ step in ''coming to grip' with the problem of strut blocking and it is
incorporated in the computer program developed here. That is; the tilt,
polarization, and frequency of all straight cylindrical portions of the struts
that lie outside the main illuminating cone (spherical wave shadows) can be
treated according to the IFR hypothesis and compared with straight results using

the null-field hypothesis.



PARABOLOID BLOCKAGE FORMULATION:

For a prime-focus paraboloid with circularvaperture, (the focal plané)
taken to be the XY plane as shown in figure 1, the co—ordipates are adjusted
to have the boresight of the secondary radiation in the positive Z axis and
that the frincipal polarization of the aperture field is in the positive X
diréction. This can be visualised by assuming a primary feed illuminating
the dish as a point source with a principal polarization along the negative X
direction. That is, the incident wave fronts on the dish differ negligibly.
from spherical waves (the focal point acts as the phase.centre) and the in-

cident field be recognized by:

-3kt -

=& 1 1 ogt P(O' gt 1

E: e pu [-EP (8') cos¢ 8 + HP(9') sing' ¢') 1)
where EP (0') and HP (8') are the E- and H- plane patterns of the primary

feed respectively, while (r',2n-¢', 6') are the standard co-ordinates

spherical of the dish surface relative to the focus as shown in figure 1.

For a perfectly conducting reflector and the properties of the paraboloidal

surface leads to the reflected field (Silver, 1949)

- 1
eJk

- 1 oL ! ' |
E?ef = [EP(8') cos¢'r HP(6') sing' ¢ ] | (2)

which obeys the pencil-beam (a beam of parallel rays) technique to give the

following aperture field distribution

"jk2f 1 ! 1
= _ € EP(B )+ HP(8"'") _ HP(8') - EP(8"') 261) -
EAperture ! [X( 2 —J)cos 2¢1)
- Y(”P(B') 5 EP(6! )sin 26")) (3)




where p' and ¢' can be written in terms of the circular (', ¢') co-ordinates

of the aperture points and the parameters of the reflector (f/D, ¥)

¥ .Db_ er _2r' _ 2r' v
tan 5 AT tan > AF T tan >
2 07 2r'.2 2 Y
1= 2= L X
p sec 5 f(1 + ( ) ) tan 2)
1 27 Y
t = e —_—
8 2 tan [D' tan

. .. ~jkk A A ~ St o
E(P) = ke — f [(R + Z) x EA] x R eJk*' R dA -
A

If thé general formulation of the radiated field is derived from the
aperture field distribution (Silver, 1949) the approximation becomes sufficiently
accurate near the béresight especially when the radius of the aperture is o
appreciabiy larger than a wave length (Rusch, 1974). The steps leading to the
following final results are delefed as they are similar to the literature

(Shafai, 1976, Rusch, 1974).

E(P) = %%E-e“jk(R+2f)(1 + cos8) [(A cosd - B) 6 - (A sing + C)6]  (4)

where,

A
A

A J P01 + Ep(e'))ejkf"' - R dA = Kf F(r',¢')ej55 "R = K g(0,4)
A 2p! A

B, _ HP(') - EP(0'). jkr = « R .cos(Z¢' - &)
[C] - JA ( 2.p| )e [Si'lsl(Zd)' - q))] dA

HP(0') + EP(O'

5o )) inside the aperture

K = Max(

for example, if circular symmetric aperture distribution is considered

E(P) = %K-e*jk(R+2f) cos? %~[(a + B) cos¢‘8] (5)
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- where,

HP(g') +

1/2 D
[T

(o)

1/2D tan

2p

'Ep(e')) Jo(kr' sin@')r'dr' =

2 1

]
+ t 2 tan2 %

Q.Jl HP(6') + EP(01), J (thw) t at'
(o]

EP(6')

fl/z D

(o)

. 1
1/2D tan 14 J

HR(6!) -

2

) J(kr' sin®")r! dr' =

HP(e') - EP(0')

( ) I, (th) t' dt!

2 o] 1+t2 ’cangi
1
™2 sing , t! = 2, xrt sing = ut
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then the accepted practice is to justify the small error involved by neglecting
the B. ﬁart of the solution (HP = EP, Jz(ut)+0 as 0-0) near the boresight.
Accordingly, the frontal portion of the secondary radiation pattern-varies
closely to the following relation (Silver, 1965, p.173).

. jkR

Ep) = %%ﬁ e_Jk(R+2f) (1 + cos6) Ag, UP = l§7§f (1 + cos@) A

A

(cosd) 6 - (sind)d E(P) = Ue

1

P

Therefore, within the above justification, the blockage effect can be
observed b& studying their effect on A or simply the factor g( , ) which is to
be called during the rest of the report '"the relative far field directive

pattern" and is represented by the scalar equation (Silver, 1965, p.173).

g(e,¢) = [J F(X,Y) exp[jk sin8(X coso +.Y sin¢) ]dxdy (Rectangular Apérture)
A .
- . (7)
g(6,9) = [[ F(r',$') exp[jkr' sine cos(¢-¢')]r'dr'dd' (Circular Aperture)
~ | | (8)

Where F(X,Y) and/F(xr',¢') represent the field distribution over the
aperture (A) and is normalized to have a maximum value of unity. The orien-
tation of the aperture is assumed to be in the XY- plane or equivalent (r',¢')
while the principle polarization}of the aperture is taken to.be in the positivé
X- direction. The aperature field distribution is proportional to the primary'

feed effective gain function Geff(e',¢') as follows:

R(r',01) = NIG, (0126, Gopple™) = 7164 (6") + Gg (87) + 2/GF(BICRO™M]

Where G%(e') and Gg(e') are relative power pattern in the E- and H- planes,

(normalized to the same value at 0*=0) of the experimental feed to be used in

this study. Typical performance of this feed is shown in Figure 2 (Shafai and
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Aboul-Atta, 1976) wheré the selection of feed (a) and feed (b),(Shafai, 1976)

will be used as the test cases for the proceeding analysis.

Review of the available literature (e.g. Rusch, 1974 and Dijk et al., 1971)
shows that the influence of the blockage on the directive pattern can be summed

up in the following relation:

g, (B,0) = g (0,0) = Acp 8op(0,0) = Apg 8,g(0,8) - Agg Bgg(0,9) (9)
where '

gt(e,¢) is the total directive pattern after including the blockage effect,

go(e,¢) is the directive pattern of the unblocked aperture,

gCB(6,¢) is the contribution of the central blockage (feed's shadow),

(6,9) is the contribution of the support's plane wave shadow,

Eps
gSS(0,¢) is the contribution of the supporf's spherical wave shadow,
and (ACB’APS’ASS) are the weighing coefficients (taken as unity in the first order

approximation) that correct for the different factors involved like the tilt be-
tween the plane wave front and the support, the radio frequency shadow being
slightly larger than the optical one, and the diffraction due to edge effect

of the central blockage and so on,




. and a simple search for the optimum illumination angle and an estimation of

12.

THE APERTURE FIELD

Most of the literature available deals with the blockage effect'foi a

4 special family of curves representing possible aperture field distributions.

None of the existing cases covers the field distribution due to the experimental
feed to be used in this report, (Shafai et al, 1976). Accordingly, the actual
field (from available experimental data) has been interpolated in a general

polynomial. A program is adjusted to yield this interpolation in the form:

- N I-1
Py = % CORFF(D) 20 22 y<s (10)
r=1

The appropriate fitting to the data of feed A and feed B types (DSS 0ISU-

36100-5-0313) can be seen in the following table and Figure . (N=11) was found

‘sufficient for the purpose at hand. The fitting is done to the average E-plane

and H-plane measurements, according to the previous analytic justification, and
the comparison is shown. Also a copy of the program that accomplished this

task is documented at the back. A by-product of the same programme is a quick -

the maximum gain which runs around the 80% for the class of feed méntioned
above. For a front-fed reflector antenna, and double reflector system as well,
the aperture field distribution is circularly symmetric. .Hence, equation (8)
is suitable to calculate the relative directive pattern for the unblocked
aperature near the boresight. The same equation is to be used in calculating
the effect of all circularly symmetric obstruction such as the flange of the
aforementioned feed or the subreflector in the cassegrainian antenna. It is
understood that this central blockage is quite small, (less than 1%) of the
actual area oflthe aperature, and has a broader pattern than the unblocked

aperature. Therefore, it will reduce the main beam as well as the even side
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lobes while it raises the odd side lobes (first, third, e£c.). Also as the
size i$ greater than a wave length, the geometric shadow is justified in the
application of thé "zero field concept" without any Qeighing factor ACB=1.

Therefore, near the boresight(say <100) equation 8 is a good approximation for

both the unblocked (and the centrally blocked'portion) relative directive

pattern. The technique can be summarized as follows:

CENTRAL BLOCKING

Assume.a circular area of radius r has the same centre as the main aperture.

Then the relative directive pattern due to that area, when circular symmetry is

observed, can be written as:

_ X : _
gCB(g) = 27 (292 f F(t) Jo(ut)t dt (11)
. o )
where,
X = %E-, u = ﬂ-% , D is the diameter of the reflector.

Upon substituting the polynomial fitting of the field distribution, as

given by equation (10), the integral can be evaluated in terms of COEFF (I)'s.

The final outcome of this evaluation is:

2
s )% A () /27
X o T (r')2
J F(t) J (ut)t dt = ' (12)
o 0 - N . Ar+l(uX)
2 DT B0
where,
A = X5 comeree 1) X2
r T2 p%o (P + 1T + 1)
2 N
A X P . 2p
Br(X) = 5 X (r) COEFF(P + 1) X

p=r
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The first of the above possibilities of evaluation is suited for small

argument (say ux<4) where the series can be truncated after r=9 without any

appreciable error, i.e.,

| 2r 9 T
(uX/2) ~ 4 2 27
S T ICDT A /)T, ux <

(r!) (x1)

® X
g -1)7 A(x)

For large values of ux, the second form is the acceptable one for the
evaluation. Two subroutines “GTLT” and ﬁCRSYM”‘are written to evaluate the
needed (Ar(x), Br(x)’ArLTX)) parameters and hence the evaluation of the infegral
for any arbitrary COEFE(I)'S and x. The relative directive pattern of the un- |
blocked aperture can also be extracted from those subroutines by the direct
substitution of x=1. The subroutine "CRSYM" evaluates A{ux) & Az(ux) from
their Bessel's equivalent and their genérate the needed higher order ones by
their standard recursion formulas. Resultsvhave been checked with table (Jahnke
& Emde, 1943) and are found satisfactory. The next step is to bend the wave
guide section of the feed until it faces the reflection where it can come down
in a straight portion to meet the parabolic surface at an arbitrafy position R1
as seen in the Figure below. The radius of curvature RC and Rl are left as a
variable parameter for the design to be flexiblé. The wave-guide section can
be a circular or rectangular type and the total width is taken as (2W). The net
effect of bringing the guide to the paraboloidal surface is to have both types
of geometrical shadows. This is, Rl is less than éne, due to plane waves and
spherical waves being blocked taking into consideration that the pérameters
R1,W § (R2=x) are'normalized to (D=2), the plaﬁé wave shadow is generally rec-

tangular with width 2W and length (R1-R2).
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PLANE WAVE BLOCKAGE

Let the rectangular shadow make an angle ¢o with respect to the main

polarization (to be taken as the x axis of aperture). Then equation

can be used with the same polynomial interpolation (10) to give

W R1

r _ |
gps(0,0) = () | f £ CORFF(I) [X'2 + ¥ 417! mxpljux' + jvy'ldy'ax’
-w ‘R2 )

where,

u = C;QJ sind cos(¢ - ¢ ), v = (E2) sind sin(¢ - ¢.)

That is,
- @2 ¥ comrrer % -1y [ 20K-1) p s vy gy
§40,9) = ) [~ EFF(I) (K-l)( xp(juY')
| 1 K=1 ~w
Rl . A
c[ xt 2K pyp (Gux ) dx )] (13)
R2

The complex exponential integral has been programmed in terms of a complex
function "XPIY(M,A,S)" where M represents the degree of the variable square, A
is the parameter (v or u) multiplying the variable in the exPonentiation\and S
is the upper limit of the integral (taking the lower limit as zero). The double
éummatioﬁ, without the factor (%92, has been programmed ;h the form of a sub-
routine "PSHRD'", That is, the outcome of "PSHRD" is the contribution gP§6’¢)

normalized to the value (%92. This subroutine is geared toward accepting cases

of the plane shadow contribution due to the strut support of the subreflector in

a cassegrainian system,
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FIGURE 2: THE DIFFERENT PARAMETERS USED IN CALCULATING THE
SHADOWS OF THI FEED AND ITS SUPPORT
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SPHERICAL WAVES BLOCKAGE

The spherical waves shaddw, of the feed's wave guide or the struts, was
observed (Dijk & Maanders, 1968. Wested, 1966) to be very close to trapizoides
in shape. This type of approximation is not considered here. Instead, the

exact parametric equation of the shadow is derived in a straight forward

mathematical equation and the final outcome (see Figure 3) is

. LM
2 W M2
X=v1-Y" R,VY=H1R, \r~m—(—-—-~—~—1 ;M_l_)
M2
where
M2 = TAN[2 TAN_I(RXTAN_I_P_)]
2
MO = TAN[2 TAN T (R1XTAN AB)
2
and
B%&BETAN [ZXTAan(RleAN ﬂ%-)] cassegranian antenna
M1 =
aB / o .2 1
3 A e Ay
" -1 - BT -1 B -1

_ RL = RC _R1 ] ¥
= 2= , B =gz COT[2 x TAN (Rl + TAN )]

R , R1, RC and RS are the same normalized ratio of the outer radius of the
dish previously used. The above parametric form of the boundary of the shadows

is programmed in terms of the subroutine 'PRMSH".
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CASSEGRAIN ANTENNA SYSTEM

The performance of a cassegrain two refleétor system is discussed and
compared with the front-fed paraboloids. The stress is on the circularly
symmetric dual reflector antemna, where the aperture of the main reflectqr is-
partly blocked by the sub-reflector and its support structure. The common
support structure to be handled in the following analysis'is the three street
and the four street support.. In the absence of a broad'primary~feed radiation
pattern for deep illumination (of a front-fed paraboloid), the classical form
of the cassegraiﬁ system becomes appealing. This system employs a main dish
which is a paraboloid metallic surface and an auxiliary reflectdr, célled the
sub-reflector or the subdish, with a hyperbolic contour as shown in the
figure (4) below. The real focus P1 is located near, or almost gt the pfain
dish while the virtual focus P2 is at the focus of tﬁe paraboloid reflector,
When the primary feed is situated at the real‘focus, according to geometric
optiés, the main dish is illuminated by the reflected rays from the sub-
reflector. This is equivalent to a point source situated at the virtual‘fbcus,
the paraboloid focus, and leads to rays emerging parallel from the main dish
(i.e. plane wave front) in the form of a collimated beam. The agcessibility
of the primary feed (being almost at the center of the main reflector's
surface) for adjusfment and service plus the saving'bf return wave guide
section to the amplifier (Attenuation and circuit noise), mékés the system
quite useful for primary-feeds with sharp radiation pattefn (narrow bémn
width).

The main limitation of most double reflector systems is the blekage of
the aperture by the subdish and its supportiﬁgtlegs. Although blockage does

appear in the front-fed paraboloid as well, the consequences ar¢ less severe,
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as the feed's flange is in the main smaller than the subreflector and the

shadow due to its supporting structure is less than that of the dual reflector

system. It is the purpoée of this analysis to explain and calculate various

effects with regard to antenna efficiency and to outline the advantage and
limitations of the circularly symmetric cassegrain antenna as compared with
front-fed paraboloid. The detailed calculation of the blockage as a function

of several design parameters, such as F/D ratio or the illumination angle,
dimensions of the subreflector and that of the struts, and the imﬁlantation

of the stfuts on the main reflector are shown and computerized in the form

of a general program written in WATFIV/FORTRAN IV and is simple to use by

the designer. Clarification of the input variables to the program the necessary
adjustments for the two cases of three of four struts, the outputs as £hey

exist and their possible alteration are shown and test cases are listed for

checking.
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GEOMETRIC RELATIONS

The following is a summary of the common and useful relation that can
be easily proved or checked in the references (Dijk et al., 1968; Silver,
1949). According to the notations given in Fig. 5, the polar equation of

main dish and subreflectbr:are:
1
! 2.0
p_. = 2F/(1 + cos 8 ) = F/cos (7?9

Py = f(e2 - 1)/[2e(e cos o + i)]

where e is the hyperboloid eccentricity.

1—2. 1!
rp = 2F tan(§-6 )

' 2 ! 3
r, = £(e” - 1)sin @ /[2e(e cos 6 + 1)]

= -f(ez - 1)/[2e(e cos o, * 1]

°h

6 H

h_e-1 ]
tan —= = =7 tan -

¥
cot h + cot V¥

£f/R2:

' .
and 8 from the horizontal axis as

where ¥, and ¥ are the upper bound of eh

shown in Fig. 5.

The above geometric relations do provide the<ﬁecesséry interrelations
between tﬁe different parameters and tells exactly that the reflected gain
function of the hyperboloid surface is proportional to that of the primary

feed at Pl’

v 2 g _ “lre - 1
G.(6) = Gf(eh)51n 8, /sin” 6 , 6, = 2 tan [e 1

P
tan -2" 6 ].
Most of the variation of the above relations are graphically documented in

previous works (Dijk et al., 1968) and can be consulted for quick estimates.
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For accurate results, substitution is done directly in the corresponding

equation.

BASIC EXPRESSIONS FOR THE EFFICIENCY

If A is the area of a non-blocked aperture that has a field distribution

F(X, Y), then the directivity (Silver, 1949) for 6 = 0 is calculated

according to:

i IJJ F(X, Y)dXdYIZ/JJ IF(X, Y) | %dxdy
A A A

where

Jj F(X, Y)dxdy = g(0, 0).
A

The illumination efficiency , of this non-~blocked aperture is defined in

the following way:

N = IJJ F(X, Y)dXdY|2/(AJJ IF(X, Y)|2dxdy). (14)
A ‘ A -

0.

For circularly symmetrical field distribution F(t) where t = 2r/D, the
element of area may be replaced by Zﬂthdt and the expression for the

efficiency becomes:

1 2 (1 2

Ny = 2|J F(t)tdr| /J [F(t) |“tdt (15)
(o] (o)

6 = (T2 (Apert ain)

a7, perture g

That is, given the aperture distribution in a polynomial form:
' N

F(t) = % COEFF (I)(t%)1™?
1 .
C2N-1 -
re |2 = 2)I-1

% SQPOL (I)(t
1 .
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Integration can be carried out accordingly to yield:
N 2N-1
N, = (£ COEFF, (I)/I1)/( © SQPOL (I)/I). (16)
1 = 1 :

This part is contained in the general program under subroutine '"UNBLK

(N, EFFO)" where the squaring of the polynomial, the generation of the SQPOL (I)

coefficients are being carried out, and the result is printed as a part of the

output data (see the test cases).
ATENNA GAIN

The secondary field pattern of a radiating, circular and symmetrical

~aperture is generally represented analytically (Silver, 1949) in the neigh-

bourhooq of the boresight (main axis of radiation) by the expression:

27 2D 2w ‘
E(0) = j TT'I E(r) jo(jr-r sin 0)rdr. . (17
o o

To obtain a better insight of the above equation, the aperture illumination

E(r) can be replaced by the gain function of the primary feed Gf(eh) or its
]

equivalent Gr(e ). According to Silver (page 419), the interrelation is:

[6 ") ] - L P %
E(x) = ¢~ = S [6 (617 cos®(J0'), € = [2/ L T

0 e 4w
. P
where P is the total radiated power by the feed. |
In terms of the feed gain function (Dijk et al., 1968)»the aboﬁe
relation reads: |

1 £ e 41
Gf(eh)cos(ﬁeh)’ F =F a—

£
E2
F

E(r) = (18)

where e is the hyperboloid eccentricity.
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The same mentioned reference evaluates the antenna gain according to:

il

PO, 0) = 5V S |E(0, 0)?

£
u

4 P(0, 0)/P.. = D, # cotzcﬁl)l 6.6,y %tancle, ydo
d T = 50 271 e 2% ¢

a3
it

2
Rl (19

where GO = (2?)2 is the gain of a uniform illuﬁinated constant phase aperture,
and the iesf is the antenna gain factor g(0, 0).

To connect the antenna gain with the aperture efficiency and aperture
gain GA of the previous section, attention should be given to the pbwer balance.
For example, if there is no spillover around the edge of the subreflector and
all the reflected power has been intercepted by the main dish, then the aperture
efficiency and the antenna gain factor would be the same. The literature does
give the needed expressions (Dijk et al., 1968) for the power balance of the

blocked and non-blocked aperture in the cassegrain antenna system.

IFR HYPOTHESIS

The "induced field ratio" (IFR) of an infinitely long cylindrical
scatterer is a measure of its forward scattered field when it is immersed in
an incident plane wave. The presence of a long thin mechanical support
structures in front of a constant-phase aperture has its effect upon the RF
performance of the aperture. The optical shadow (plane-wave shadow) and its
aperture field cancellation does not show the effect of the tilt of this
obstruction with main axis of radiation. As the tilt is mainly in the struts
that support the subdish, a theory has been developed (Rusch, 1974) and

proposed as a good first approximation. It assumes that the strut induced

"current due to the aperture field is almost the same that would flow on an
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infinite cylindrical structure of the same strut's cross section when
immérséd in antinfinite plane wave of the same polarization and direction of
incident as the local aperture field.

This approximation is known as the IFR hypothesis, and if does permit
the ‘loss in the beresight gain, due to the plane-wave shadow of the struts,
to be a function of the tilt as will as the cross section. The hypothesis
seems to be physically reasonable, especially when the struts are long and
thin relative to the operating Qéve length. The formulation of this hypothesis
is outside the scope of this report and only the final effect on equation (1)
is giveﬁ. According to Rusch the weighting coefficient APS’ instead of unity

must be taken as:

. 2 . 2 '
Apg = -(RES cos® ¢, + RHS sin” ¢.) (20)

where ¢; = angle between the main polarization and the plane shadow of the

ith strut.
hnd
RES = -t ;IO[J (ka cos u)/H(z) (ka cos a)] (21)
(ka cos o) -»-"n n
" ° 1 v(2) '
RHS = Ea—;gs—u by [Jn(ka cos oc)/H.h (ka cos )] (22)

where o = is the tilt angle of the strut relative to the aperture plane.

a = is the radius of the circular strut.
The calculation of these two factors, RES and RHS as given by their respective
equations, are programmed in terms of the three SUBROUTINES IFRC(XS, RES, RHS),

BESO(X, FJO, FYO) and BESI(X, FJI, FYI) where XS = ka cos a.
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CENTERAL
SHADOW

FIG. 7. THE SHADOWS PROJECTED BY THE
I.th. STRUT AND THE SUBREFLECTOR
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APERTURE FIELD FOR DUAL REFLECTOR ANTENNA SYSTEMS

The blockage of the aperture by the subdish and support legs of most
double reflector éntennas, such as cassegrain antennas, 1is usually.determined
by the ray optics shadow of the obstacles on the aperture. These optical
shadows are weighted by the aperture illumination to calculate the influence
on aﬁtenna efficiency and sidelobes (Manders, 1975). The aperture field
distribution for dual reflector antenna systems, consisting of either classical
hyperbolbid—paraboloid combination, or a combination consisting of shaped
subreflector and paraboloid main-reflector, was obtg@ned by using the procedﬁre
described below. \>

As a first step, the experimental power feed pat%ern is represenfed in

the form:
F(8) = A (cos 8)".

The main reasons for this form of representations are the availability of
efficiency curves as a function of n (Manders, 1975) and the simplicity.

The appropriate fitting to the feed used for cassegrain antenna, Demo. 1, was
provided [CRC 6090-9(ST) P].. This feed was used to determine the aperture
distribution for the Qtandard cassegrain system and the shaped subreflector-

paraboloid reflectors system.

The calculated data of the shaped subreflector can be used to obtain the
equation for X the distance from subreflector vertex, as a function of y

in the form of: °

M < 20 (23)
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The number of coefficients required for the curve fitting, according to the
notatién given in Fig. 8, is obtained by the program so’ that thé total .
absolute error is less than df equal to 0.001 times the number of data points.
In case the shaped sﬁbreflector is replaced by the hyperboloid reflector, the

equation for Xé is:

i LY 4 & )
#s S ) J (24)

where ¢ and e are the semi-foci distance and eccentricity, respectively.
The equation of the subreflector and the angle of incidence from the
feed can be used to determine the angle of reflection with the help of Snell's

law of reflection:

dx B - 81

~—(—lys~ = tan (—-—-—-——'2 ). ) (25)

The reflected ray from the subreflector hits the paraboloid reflector

of focal length f at the point:

2f

Y2 " tamp Lt * o g - U (26)

1
where c, is the point of intersection of reflected ray from the subreflector

1
with the x-axis. The angle of the final reflected ray from the paraboloid

reflector can be determined using the Snell's law of reflection:

&, Tt ) 7

The aperture point for the outgoing wave is found to be:

' .
Yo =Yy * (H - xz) tan ef
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where H is the x coordinate of the aperture plane. The calculated values of

1 ’ .
Yy for various angles of incidence were fitted into an equation of the form:

M
t
Yoy = z dl sin bel. M < 20 (28)
n=1 s

where:

T

b= —.

2 e1 max.

Again as for the subreflector curve fitting, the number of coefficients
were chosen to provide total absolute error less than 0.001 times the number’
of data points.

The conservation of energy principle is expressed differentially as:

1 1] 1
27 Il (61) sin 61 del = 27 12 (yz) Yo dyz. (29)

The quantity I1 (el) is the power density of the primary illumination.
1
The quantity 12 (y2) is the power density flow normal to the aperture of
the main-reflector. The above relation provides the relative aperture power

distribution due to the absence of the normalization:
]
e1 max. yz max.

. 1 ] ]
I, (6;) sin gy dgy = J ] L, (v,) Yy dyz- (30)

%1 min. Y min.

The aperture field distribution can be represented in the form:

NC

21 NC < 20 (31)

£(r) = n§1 n —

where:
L
T = 2y2/D.

The number of coefficients in this case being equal to the preset number.
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The above mentioned relations-and procedure are utilized in a computer
proéram, listed at the back,Ato calculate the aperture field for standard
cassegrain and the shaped subreflector-paraboloid system. The calculated
data for the shaped subreflector was the one being used at Communications
Research Centre [CRC 6090-9 (ST) P]. The aperture distribution obtained for

these two cases is then used to calculate the effect of blockage.
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CONCLUSION

At the time this report was submitted forityﬁing the emphasis was on
the numerical program, its accuracy, and operation. The types of
antennas that can be studied by the designer are the symmetrical front-
fed paraboloid, the classical cassegrain, and the shaped sub-reflector
cassegrain, The report had no option in selecting an optimum design,
as the two cases tested in here are already in operationai state and
the program only yielded the expected theoretical deterioration of |
efficiency, relative directive gain near the main radiatior axis.

The front-fed paraboloid (Shafai, technical memo-randum, serial -

No. 59/77, February 7, 1977, Crc) and the shaped subreflector (data
received, January 4, 1977, from Mr. A. Kong, CRC)vstands'shoulder

to sﬁoulder with no appreciable difference. Should the subreflector
be made smaller and the equiangular tripod thinner, in the shaped
casségrain, the result would have shown an improvement over the

front-fed péraboloid mentioned above.
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TEST CASE

CALCULATION OF THIS (nb/no) BLOCKAGE IS 7 PERCENT
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APPENDIX A

COMPUTER PROGRAM FOR THE TOTAL DIRECTIVE GAIN PATTERN

Purpose:

This program computes the total directive gain pattern near the

"main axis of radiation for front-fed paraboloid/dual reflector

antenna systems when blocked by the feed-subreflector and n equi-

angular struts.

Language:

WATFIV/FORTRAN 1V

Author:

0. Aboul-Atta, Department of Electrical Engineering,

University of Manitoba.

Description:

The directive gain pattern has been calculated according to
ge(0,9) = go(6,9) - gcp(0,9) - Apgg, (0,9) - g55(0,9)

where g4 represents the unblocked aperture paftern, gcp 1s the

central blockage due to subreflector/flange of the feed, gpg

is the contribution of the plane wave shadows, ggg is the contribu-

tion due to spherical waves, and Apg is the weighting factor that

includes the effect of the struts tilt.
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Input Variables:

In terms of the following data cards:
(1) DIAM, R1, R2, RC, EPSI, W

(2) ROT, PHIAN, R11, RC1l, W1, W2

(3) NCN, NPSH, NSPSH, IT, NSTRT

(4) ANG (I), I =1, 2, ..., NSTRT

(5) COFCN (I), I = 1,2, ..., NCN

I
o
-
N
-

(6) COEFF (I), I ., NPSH

(7) COFSP (I), I

1, 2, ..., NSPSH

The design parameters (self explained in the program comment
statements) are printed as data to be read by the program. The
main dish .diameter is given in wavelength A, and all oth?r

dimensions are given to the program as a ratio of the dish radius.

Qutput:

The existing output is a printout of thé input data for checking,
the aperture efficiency, the aperture blocked efficiency, the
loss due to biockagé in percentage and in dB. Also a printout
of g, and g¢ in steps of 0.05 degree along the first 10 degrees
off the main axis of radiation. The program does punch these

data points on cards to be used later with the plotter for

graphical display whenever necessary,
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90.

APPENDIX B

COMPUTER PROGRAM FOR APERTURE FIELD DISTRIBUTION

PurBose:

This pfogram calculates the ;perture field distribufion fér
front-fed parabéloid using the experimental field (described by
Shafai DSS 01SU-36100-5-0313) and approximates thé distribution
in a form of an even polynomial.

Language:

WATFIV/FORTRAM Iv

AuthSr:

0. Aboul-Atta, Department of Electrical Engineering,

-University of Manitoba.

DescriEtion:

The aperture field distribution has been calculated according

to:
F(r') =(N/p") [’geff(ey‘/z‘

where G_co is the average (relative) power pattern in both the
E- and H- planes to be estimated from the expérimental measure- ‘
ments. The program search for the optimum angle of flooding the
main dish and interpolates the numerical field distribution

(normalized to a dish radius of one) in the form

F(t) = ) COEFF (1) t2 (I-1I) ¢ = 2¢'/D
1
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91.

Input Variables:

In terms of the following four data cards:

(1) U, v, W, X, Y, Z

(2) F, G, H, L, XXX

(3) U, VvV, W, X, Y, Z

(4) F, 6, H, L, XXX

The necessary information about the experimental feed's measure-
ments in the E-plane and then the H-plane are fed to the program.
The different parameters has been explained in the comment state-

ments (sece program listing).

Output:

Two display of print-out. The first is for the searching tﬁe
optimum angle of illumination and its by-products (antenna gain
factor, percentage of spill). The secondidisplay is for compari-
son of the numerical field distribution with a polynomial inter-

polation of 11 coefficient.
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APPENDIX C .

COMPUTER PROGRAM FOR THE APERTURE AMPLITUDE DISTRIBUTION

AND THE SPILLOVER LOSS OF THE DUAL REFLECTOR SYSTEMS

Purpose:

This program calculates the aperture field distribution and spillover

loss of a standard cassegrain system or a system consisting of shaped
subrefle;tor with paraboloid main-reflector.

Language:

WATFIV/FORTRAN IV

Author:

R. K. Chugh, Upiversity of Manitoba, Department of Electrical
Engineéring, Winnipeg, Manitoba.

Desciiption:

The conservation of energy principle is expressed differentially as

¥ ¥ ¥

I, (01) sin631de] = Iz(yz) yo2 dys

The quantity Ij (01) is.the power density of the primary illumination.

The quantity I, (yé) is the power density flow normal to the aperture
of the main-reflector. The relation between yé and 67 is obtained

by using the given equations for the two reflectors or the least square
coefficients for the given data points. The calculated data for power
density Iy (yé) for different aperture points yé is used to evaluate

the coefficients E(J) given by

NC

AF(y, ) - 1) (v ) 2D
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1 1
ly = 2 y. /D with AF and D being the aperture amplitude
2 max 2 & P P

and main-reflector diameter, respectively.

L '
where y yo= Yo

The spillover loss is calculated by using the following types of functions

for the primary illumination:

I, (67) =[a (cose)P 0<81<6,
. —-BB ‘
A e 0,507 <M
The above expressions are used to calculate the total radiated power of
the feed. The program computes the maximum incident angle and thus the

spillover 1loss.

Input Variables for the Standard Cossegrain System:

The input variables for the paraboloid - hyperboloid system are the
following: KK, parameter 2 for hyperboloid subreflector; eccentricity
ECC; distance between two foci DBTF; subreflector diameter DS;‘focal
Length FL; main-reflector diameter DM; distance of phase center from

origin DP; distance of subreflector vertex from origin DSV; feed power

pattern parameters a, b, and 6, (in degrees); and number of coefficients NC.

Input Variables for the Shaped-subreflector with Paraboloid main-reflector:

The list of parameters for the shaped subreflector paraboloid system 1is
as follows: KK, parameter 1 for shaped subreflector; number of data
points for shabed surface NP; éhaped coordinates XS and YS;‘subreflector
diameters DS; and the other parameters FL, DM, DP; DSV, a, b, 65 and NC
have the same description as for the standard cassegrain system.

Output: |

The printed output consists of the spillover loss in dB, the coefficients

E (J), and the total absolute error for‘the aperture field distribution

curve fitting.
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