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Sunmmary

This report deals with various aspects of blockage effects on the performance
of circularly symmetrical dual reflector antenna systems, where the aperture
of the main reflector is partly blocked by a subreflector with four struts.
Approximated and exact methods are discussed for calculating the blockage
effect on the basis of geometrical optics; a justification of the diffraction

effects is given.

Expressions have been found for calculating the influence of the blocked
parts on the general directive gain pattern which leads to some interesting
conclusions with respect to near sidelobe levels in certain directions.
Evaluated examples and general computer programs are given. The same
equations may be used as a starting—point for the calculation of the

blockage efficiency.

Using power equilibrium equations, the optimum blockage efficiency of

shaped cassegrain antenna systems may be calculated.

Finally, the report deals with detailed calculations of the blockage
efficiency with respect to several parameters, such as F/D ratio, aper-
ture illumination, dimensions of struts and subreflector and the implan-
tation of the struts on the main reflector. A general computer program

is given,

The report alsoc contains an extensive study of the literature on the
subject. In some instances refinements and corrections of results and

expressions are suggested.



1. Imtroduction

A limitation of most double reflector systems, such as cassegrain antennas,
is the blockage of the aperture by the subdish and support legs. Although
blockage appears in front-fed paraboloids as well, the consequences are
less severe, as the feed is mostly smaller than a subreflector and the
support legs much thinner.

Usually, the shadow of the obstacles on the aperture is determined by ray
optics . The optical shadows must be weighted by the aperture 1llumination
function to calculate influence on antenna efficiency and sidelobes,
However, as Ruze (1} has already pointed out, the radio frequency shadows
are wider than optical shadows; therefore, optical shadows form only an
approximation, The problem may be solved in first order if we know in

what way the field from the subreflector is scattered by the support legs
as regards amplitude and phase, as well as the results of this on the
currents induced on the ﬁain reflector.

Then by using the current distribution or aperture field methods (2, p. 144),
the secondary pattern of the reflector may be calculated. However, there

is interaction between obstacle and source system, resulting in multiple
scattering processes (2, p. 129). This effect may not be neglected here
because the support legs extend from the subreflector to the surface of

the main reflector. A calculation of the current distribution over the
main reflector seems very difficult. A possible approach may be found

in the work of Pace (3). Therefore, only approximate methods and experiments
will give an answer relating to the influence of the support legs on the
radiation pattern. It appears that, in accordance with Trentini (4), Kay
(5), and Mei and Van Bladel (6), diffraction may be neglected and that
geometrical optical methods can be used very well, providing the thickness
of the support legs 2w > ).

It is common knowledge that in a cassegrain system plane and spherical
wavefronts are found. It is also known that shadows due to cbstacles depend
on the type of wavefront. Shadows in the aperture result in the following

effects:

(a) Decrease in antenna gain; this effect can be expressed by the relative

blockage coefficient Te » where Mo is the efficiency of the un-

blocked aperture. °



(b)

()

Increase in the sidelobes of the directive gain pattern; different
contributions are introduced by the obstacles. Near sidelobes that
will change, are investigated in this report. The contribution by
the subreflector will be circularly symmetrical, while that by the
subreflector support legs is more typically the radiation of a
rectangulatr aperture distribution. There is also wide-angle scatte-~
ring due to the power which is blocked by the obstacles. No calcu-

lations on this phenomenon will be included.

If sidelobes are directed towards sources with high noise temperature,

increase in the noise temperature of the antenna will be noticed as

energy is spread from the main beam to the sidelobes.

It is the purpose of this report tc introduce a method of ecalculating
the influence of blockage on the near sidelobes, as illustrated by

several examples, and to discuss several methods of blockage calculation.



. Influence of obstructions on the directive gain pattern

If the aperture of a circularly symmetrical antenna is illuminated uniformly
in phase and amplitude, the generalized secondary circularly symmetrical

pattern near the main axis (2, p. 194) becomes

2 u (1)

where D is the diameter of the aperture, Jl(u) a Bessel function of the

first order and

U D sin 8, (2)
A\
The angle 8 constitutes part of a spherical coordinate system (Fig. 1)
and for 9 = 0 the position of the antenna axis is found. The pattern is
independent of 4. Silwver (2, p. 190-192) assumed that over the exposed
area the presence of an obstacle would not alter the amplitude distri-
bution F(r, ¢') which would exist in its absence; therefore the obstacle
can be regarded as producing a field equal in amplitude but 180° out of
phase with the original field distribution over the area that it covers.
In this way zero illumination is obtained over the blocked parts of the
aperture. This principle is often called the "zero field concept'.
Therefore, if the aperture is blocked by a subreflector with a diameter
DS in a cassegrain system, the éeneralized circularly symmetrical pattern
of this subreflector may be represented by
) = M0 1)
2 u’

where

LJ' = !I;EL sin E)

The modified pattern is then

? H
q,(8) = g(u)~g'ly) )
These principles will be used to investigate the influence of the block-
ing obstacles within a cassegrain system on the sidelobes of the secondary

pattern.



Recently, Cornbleet (7) has carried out calculations of the radiation pattern of

apertures with structural shadows; however, his shadows are not very
realistic for cassegrain antennas.

Generally, (2, p. 173) the relative far field directive gain pattern of a
rectangular aperture near the main axis may be represented by the scalar

equation:

jksin@ (ncosy +ysing)

g(6.9)= [Flxye dndy %
A

and that of a circular aperture (2, p. 192) by

| 4 jkrsin® cos(@-¢) \
q(6.9) =JF(".'{)€J # rdrdcp . 59
' A

If we want to know the entire directive gain pattern g(8, ¢), we will first
calculate go(e, $), being the pattern of the unblocked aperture and subtract
from it the contribution g](e, ¢) of the subreflector and the contributions
gz(e, $) and g3(8, ¢) being shadows of the supports caused by plane- and
spherical waves, respectively.In all cases we shall employ the aperture

illumination fumctiem (Fig. 2%
F(r) =1 —art, o(r{iD , o(a 2\t
r="1- I R IR g(“s} ' (62)

The directive gain pattern of the unblocked circular aperture now becomes

3D

iD . : , 2Uk inB -9
‘30(9:‘?) =frdrIeJkrsmecos(‘p-zp)dso;_arr;drfe.] rsin B cos(@ ‘P)C"P,(n
@ o0 o o

or

| 2 LkDsin 43,(2kDsin®
90(9'!\0) = 1“-(%_0) {I-a(%)l} g—_lu_%)_;rn_ef') + 4Tla (g) ](%}D.sl: 9)") ?
L] ’l

JO(X) ,J](X) and JZ(X) being Bessel fynctions of zero,first and second order.

(8)



As, in accordance with Abramowitch (8, p. 360},

J, (4

lirn

= .3
° (9)

10 W

and
Lim gﬂ) — o115
H—»0 'Jr.l

In the main direction, where # = 0, Eq. 8 becomes

(0) = T(LD)'f1 - ta(LD)

g,l9 = 3 -3% 3 ’ (10)

This value for go(O) will be employed in the following as reference value

for the relative pattern of the blocked parts of the aperture.



2.2,

. Contribution by the subreflector

The calculation of the contribution of the subreflector to the radiation
pattern is carried out in a similar way as for g0(6,¢). This contribution

is circularly symmetrical, therefore,

2 S S | (lkbasine) sy ] (“CD 5in9)
0) = 24D i~ i) | dta™ a2 7" 4 (Mo (L D). 22tz s .
g, ) G ‘)[ G }] 3 kDg sin@ i (" ‘) (iszsfne}" o

On the main axis 6 = 0 we find

g, (0) = (LD, [| - Laf 'o)] (12)

Similarly to Eq. 8, Eq. 11 is independent of ¢.

Contribution by the supports due to plane waves

The shadows in the aperture of the supports caused by plane waves are
rectangular (Fig. 3). The form of the shadows will be discussed in
more detail in Sec. 5. Here, we will have to use Eq. 4, while Egq. 6

may be rewritten as

¢D D 2
Fle,y) = 1 ~on*—ay* $3,08y¢, ogo.g(.l.’;.] . (6b)
The pattern is then
z(B'tP) =Jr(|_au"_qf) eJ.ksm O(ncosy + ysinp) dudy - -

fl

It is convenient to introduce the new variables u = ksinfsind¢ and

v = ksinbcoso.

Eq. 13 then becomes (14)

qz(u,\ll =Iejw “[ejuydy _Iau,_eju1r. ufejuydg J. Jvudujcy e y<:(\‘;

or

g, (u,v) = g:(u,v) - g:(u,v) - g;"(u,v) .



After introducing the integration limits we obtain

l :
T D t a.Ds
g’z(u,v) —_ e ej yr:l J j yc‘y:, fejuyd Ue du Ie"“ u] (15a)
e -r, -0, = ".'.iDs
W iy 11'D W] 1, '!' D
n d U v1
gl (U,V) — n“lej\n" u[fej ydy_ yd [QJ SJ [fﬂ'}t e d'"n- 01 J dll] (15b)
~fo 'liD-i "‘" -fy _i 3
]
11, +10 +w +'D.s
n \Is j
9:’(0;"] Ie vch[ Q\j i yd [ay"e" sd) +f0y e ” et dx - e"“dm]. (15¢)
05 -w =
Carrying out the integration leads to
Sinvw sindr, D sinu Sin Uw Sin vry D D SmV] (16a)
g (u,v) =2w 2OV [1r° *:r 2 _ ] aw ar, o X >

[y 3 N ° .
g (U] = tva TEER 2 ST 4 T cogvr, . 4 sin ur]y 26,0 STyt y 4 cos v X e W]
1 3

Uw vr, v v ur, vw v vt
; 3 . : ; 3 5in VW (16b)
$+2va s:nuu[l p sinvDs + 2D, cosv.3D, 8 $|n\l.105]+ al, sin 4By [1w Sin +
uw Ly ® D, vt 17 v 1 ub, vw
+.‘.'.._"_' cosvw — & sin vw] 5
" 7

»

. ‘n VI, 3 <!
q (U V)—2WQ. Sinvw [2. (3 $in urg + fo 2 cos ur, . 4 gin uro].,.zroas'"v ° 2w """”w_,_ U tos uw
3 vw ®ur, o v Uw ut

e

ab vaD[ " Yginuw ‘L\ﬂ

$in vw[, 03 siau D
vD,

cosuw = 4 sinuwly 2wa 1D _-‘.+§_insu.l)é-__ Enr\u-.D]
4 ub, u w

uw ut u? Vw

If uniform aperture distribution is used (a = 0), only Egs. 15a and 16a are left

over. In the direction of the main lobe, where § = 0, we find

gtfo,o) = GW(ro-iﬂs)_ Baw[_;r:_;'.( D)B]_daw;(.?':ro -.'..D) . a7

¥l=
“



2.3. Comtribution by the supports due to spherical waves

As observed before (9, 10), the shadows from the supports due to spherical
waves are very similar to trapezoids, We will introduce this approximation
as it reduces calculation work and makes possible a convenient solution of
the integrals. From Fig. 4 it is found that for the trapezoid lying in the

area indicated by r <x<iD, y as a function of x is given by

y(n)o) = F;t + W - Pr‘o = Pu-}x

wi(l -y y
with = — 2 and - W~ fr,
F iD_r° F
¥or -3D ¢, we find Y (n(o0) = ~prty

For the trapezoid parts along the y axis, x is written as a function of y:

1c(y>o)=lay+[ , )c(y(o)=_Fy+X.

If u = ksinfsing and v = ksinBcos¢, the complete expression for the contri-

bution of spherical waves then is

+y(n)o) 1D ‘

2 Jvu Juy ]

q3 (U‘V) = j (I—Q)L.'_Ciyl) e e C.Ilf-dy
-y (x)o) G (18)
+y (udo) -, -
N

+ (l-an".. ayl) el e J dﬂdy
-y lage) 30

+lyyo) 4D o
-|-j (I_mn"-agi) erne_j'-‘y dn ci_y
-u(y)o) r,

tn{yco) ,-To
+[ (l-am"._a\}‘)e

-X [9(°J ‘i‘D

ot
e, yd“n

dy .



Carrying out the integration leads to

eni= g1l g 2 2] (g

ql ul.

~ A fiaalr«(pr l._“"' ,_f__i cos(yu~r,
Sl-ofre s 25t e 22 igu )

___[I-a.{(_]-l-(F +r)_3_+_1f__(3_ ?-H(o.sllu-f%qj

u.q q th.q

1
IR A EUA- - N L

AL [ (LR 4 L)+ BF 4 X) sin(yurrg)
up 4 u q u

+ﬂf‘.[r°('_:‘_E-
up P

clw

)+%_

£ e

] sin (Ju-f‘op)

- %_oél[%(l_aﬁ J ﬂ + {,] S (JU*}_E(]J

_22(%[&‘-%)+£!_%]5|‘n(1u-2) (19b)

ufal P 1

+ _2E[l-. {r +(pr, +J) 2t1p’ _ I -5_1” cos (yv tr,t)

t* v

- _2_[| ..0{":-!-((5:'01-,)1_- 2_“3;_[3_2 1'%@ __z_l}] tos (yv-r,s)

-~ iﬁ' "%;}] (os(xv-r - *)

ALl ) ] g 89 0
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P
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e
1
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LS
+
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Ty

+
< fos

-r re sin v+rE

vt k v t ] J )
1

+ 4a e + BY X7 sin s

E{ru( s gj 5 v] )

- f‘_":[%('jﬂl.} ) + ﬂ +;€_] sin(Jv1~%|:)

(19d)
- D (LE L B) e BY o L s (g - D)

where V-UP~_-.-P ) u-v[.\.—:s ’ v+urs-.~q Qnd U+Yf5=

For 6 = 0 we find in the main direction

o0l = 85 (- or g e ) (20)- ']

S PO A S I TR B

Total directive gain patterm g, (6,9)

The expressions found above enable us to find the total pattern gt(6,¢)
in the Fraunhofer zone in accordance with the "zero field concept'. As has

been explained before (11}, the results are only valid for the main lobe and

the near sidelobes. We will find that

9, (8. 9) = 4,(0.9) -, () - g,(uv)-g,(u.v) , 21

where g0(6,¢) represents the pattern of an unblocked aperture given by Eg. 8;
gl(e) the contribution to the pattern by the subreflector (Eq. 11); gz(u,v)
the contribution to the pattern due to plane wave shadows (Eq. 16); and

g3(u,v) the contribution to the pattern due to spherical wave shadows (Eq.19).
Further,

U = ksin e$l'hl9 and v= ksin GCosLP k Le.‘ng &E

A

In this way the radiation pattern of a cassegrain antenna near the main lobe

2

may be found as a function of several variables, such as the edge illumination
¢f the main reflector, the thickness of the subreflector supports, the ratio

DS/D, the F/D ratio, and the strut implantationm.



Some examples, particularly for satellite communication ground station antennas
are shown in Figs. 1l and 12, In these cases uniform illumination is used (a = 0},
2w = 23, and ¢ = 0 or ¢ = 459, The position of the first, second, and third side
lobes and their intensity with respect to that of the main lobe are shown. Figs.
lla and 12a show main and side lobes of the blocked and unblocked aperture in

dB, and Figs. 11b and 12b the relative pattern of the contributors to the
blockage.

The main part of the results for other edge illuminations or different widths of
the supports is shown in two tables, one for ¢ = 0° and one for ¢ = 45° (Tables

1 and 2). More detailed information with regard to the plets may be obtained

using the computer programs, described in Appendix B.

Table 1 D = 333X D/DS = 10; r, = % D; ¢ = 0
a1 = 0 (uniform illumination)
Main lobe ISt side lobe 2nd gide lobe 3td gide lobe

2v | 8 in @° dB g in 09 dB g in Q° dB g in 0° dB
G, .000 0.00 283 -17.6 465 -23.8 .642 -28.0
Gt 1a .000 -0.26 .286 -16.5 .469 -27.0 .647 -25.2
G, 2X .000 -0.41 .288 -16.1 .473 -29,2 .652 =242
G, 32 .000 -0.59 .290 -15.7 477 -31.9 .657 =23.4
G, 4 .000 -0.76 .293 -15.3 482 -35.3 .662 -22.8
Ct 5% .000 -0.94 .296 -14.9 487 -39.8 .667 -22.3




_.12_

ay = 0.7 (edge illumination -10d4B)

Main lobe 15t gide lobe 21d gide lobe 3td gide lobe
2w | & in 09 dB & in 0° 4B 6 in 0° dB 8 in 0° dB
o - . 000 0.00 314 -22.4 . 489 -29.6 .662 -34.1
¢ 1A . 000 -0.28 316 -20.2 494 -38.6 . 666 -28.3
. 3 . Q00 -0.86 . 324 -17.8 - - .690 -24.,4
ay = 0.9 (edge illumination —20d4B)
G0 - . 000 0.00 .336 -24.3 .515 -32.8 .688 -38.3
Gt 1x . 000G -0.29 .338 ~-21.3 .521 -64.8 .693 -29.7
Gr 32X . 000 -0.82 . 345 ~-18.8 - - .720 -25.3
Table 2 D = 333); D/D_= 105 1o = % D; 6 = 45°
a; = 0 {uniform illumination)
J Main lobe 1St gside lobe 2nd gside lobe 3¥d gide lobe
6 in 0° dB & in 0° dB 8 in 0° dB 8 in 00 dB
G0 - . 000 0.00 .283 -17.6 465 -23.8 .642 -28.0
Gt 1A . 000 -0.25 .283 -17.8 460 -25.8 . 635 -25.4
Gt 2 . 000 ~0.42 . 283 -18.7 . 456 -26.5 .629 -24.5
Gc 3 . 000 -0.59 . 283 -19.7 449 =-27.0 624 -23.7
Gt & . 000 ~-0.76 .283 -20.8 443 -27.3 620 -23.0
Gt 5 000 ~-0.94 283 -22.0 . 438 -27.4 .616 -22.3
a; = 0.7 (edge illumination -10dB)
G0 - . 000 0.00 314 -22.4 . 489 ~29.6 .662 -34.1
Gt Ia , 000 -0.28 314 -21.7 484 -35.7 .651 -29.1
Gt 5 . 000 ~-0.86 317 -26.0 460 -39.7 .631 -26.5
ay= 0.9 (edge illumination -20dB)
o - . 000 0.00 .336 -24.3 .515 -32.8 . 688 -38.3
Gt 12X L0000 =0.29 .337 -22.8 .51l =46, .676 -31.1
G 5A . 000 -0.82 . 340 -26.3 - - .651 -29.3



2.5, Results and conclusions

Studying Fig. 11b in the ¢ = O plane, it appears that g, (¢) varies only
little within the region under discussion. Comparison of g;(8) with go(8)
shows that these tweo patterns are equivalent in the case of uniform illumi-
nation n; however, the 6 scale of g;(9) has been extended by a factor nearly
10. This is due to the fact that the relation D/DS = 10 has been used and

that sin@ =2 @ .

The contributions of gy(u,v) and gi(u,v) in the ¢ = 0 plane are positive
within the entire region under discussion. This fact is explained by consid-
ering that the contributions of an array of two supports located in the

¢ = 909 plane to the final pattern are nearly constant, and that those in the
¢ = 0° plane are alternating but not in such a way that the amplitude of

gs plus g3 becomes negative.

The situation in the ¢ = 459 plane differs entirely from that in the ¢ = Q°
plane (Fig. 12} because now the amplitudes of the patterns g, and g3 are
alternatively positive and negative. This is due to the fact that the supports
are located symmetrically around the ¢ = 45° plane and the main terms of

Egs. 16 and 19 all have the same sign and all give similar contributions.
This phenomenon is noticed in all investigations independent of the edge
illumination and of the width of the struts.

If we study the results from tables 1 and 2 it appears that the peak intensity
of the main lobe of a blocked aperture is somewhat less than that of an un-
blocked aperture. In the case of ¢ = 0, the intensity of the first side lobe
increases with increasing width of the supports. This is noticed for all edge
illuminations. However, if ¢ = 450 the opposite occurs and the peak intensity
of the first side lobes decreases with increasing adge illumination; only for
small values of w e.g. 2w = A little or no increase or decrease is noticed.
Similar phenomena have been observed earlier in experiments (12,13).

This effect may be used with advantage for the location of the supports of
antennas for satellite communication ground stations to obtain lower side
lobes in certain directions, in the case of terrestrial link interference.

If the width of the supports 2w < X, the above method is no longer valid

due to diffraction effects.



3. Power balance of the blocked operture

If there is no spillover around the edge of the subreflector and the total
power Pp radiated by the feedhorn is intercepted by the subreflector, the
power reradiated by the aperture is found by subtracting the power Py

blocked by the obstacles from the total power Pr.

Let the coordimates of a point in the aperture be ( g,ﬂ) and the electrical
field over the aperture F(§ ,N). The total power radiated by the non-blocked

aperture is, according to Silver (2, p.177),

= 4 ()P0l (3 duen =

In this equation s is the a vector along a ray (2, p.170) and Ez the unit
vector perpendicular to the aperture along the z-axis. For & = 0, in the

case of a paraboloid reflector, the rays are parallel to the z-axis so that

(EZ.E) =

If the aperture is blocked by a number of obstacles (Fig. 5a and 5b)} tota-

lised by B = z g , the blocked power becomes
nst

P = i(%)iLlF(E,n)lld%‘*n :

(23)

This part of the total power P is radiated by the primary feed but it cannot
be reradiated by the blocked aperture in the normal way, because it will be
scattered in all directions by the feed support, feed cone, subdish and main
dish. The directive gain function of a lossless antenna is expressed by
G(8,4), where 8 and ¢ are spherical coordinates illustrated in Fig. 1. This

function must also satisfy the relation

jg(e.ue) dn = 4T (24)
4
dl being the element of solid angle.

If P(8,¢) is the power radiated by the antenna per unit solid angle in the

direction @,4, and PT the total power radiated, the gain is defined as

G(o.¢) = 4T P(8.¢) ' (25)

Pr




_ls_

The power reradiated by the aperture less the blocked areas will now be

equal not to Eq. (22) but to

-t = 4 (5 [Pl dyen ()

This equation shows that the surface integral extends over the aperture sur-

»
face A less the blocked surfaces B. A new gain function g,(G,Q):=.qﬂ.Jiigﬂﬂl_
will now be formed depending on the power P'(6,¢) Pr

radiated per unit solid angle, whereas

wa'(e,tp) dn = P f . (27)

This new gain function, in which the blocked power is not transported correct-—

ly to the aperture, is now determined by

or q
Orw[g (0.9)da < 4m [1- 5]

]

11fg’(e,q>) da cqn. (;)*[B Flx,m)| o8 dy . 5

The power PB is scattered by the subreflector, main reflectors support legs,

feed and feedcone and adds new contributions to the antenna pattern G'{8,4),
so that the power balance is restored. This scattered power radiates in
various directions which are difficult to predict. The antenna pattern

G' (6,4) with supplementary contributions from the scattered power Py may

increase the noise temperature of the antenna if these contributions are

directed towards noise sources at high temperatures. Apparently, the blocked
power increases the sidelobe level and the antenna naise temperature as well.

Therefore, the total influence of blocking parts on the aperture results in

a double effect, viz., '

(1) a decrease in the blockage efficiency nB/no and an increase in the side-
lobe level, with the possibility of higher antenna aperture, as in
classical systems the blocked power Py is not available for reradiation
by the non~blocked parts of the aperture; in this report this effect is

studied in detail for the region near the main axis of the antenna.



(2) an increase in the gide lobe level, due to the blocked power Py being
scattered, and, hence higher noise temperatures. This effect is dif-

ficult to caleulate and will not be discussed in this report.

4. Blockage efficiency in general

4.1. Basic expressions

Let A be a non-blocked aperture and the coordinates of an aperture field
(g,n). Let the aperture field be F(E,n). If the phase is constant over the

aperture, the directivity obtained for 8 = 0 is, according to Silver (2,p.177),

ar | LFOS ) dyan |
M [A|F(§.n)(‘<:u;a11

wnere dgdn represents an elementary area of the aperture.

(29)

A=

From Eq. 4 it follows that

IF(E,fq)dgdq = 9, (0,0 . (30)
A

If the aperture illumination is uniform in amplitude and phase,F(&,n) will be

a constant. In that case, we find from Eqs. 29 and 30 that

G = L4ITA (31)
mox )1

and gA(O,O) = A, being the geometrical surface of the aperture.

We may also introduce the effective aperture A

o _ LLFG) %]
JIF (5.n)l gy dn o

Substituting Eqs. 30 and 32 in Eq.29 and realizing that the total power equals

eff by

v = 4 [P

we obtain

2
Ay — 19Coal” [ (34)
eft Py zv;



The illumination efficiency N, of this non-blocked aperture will now be de-

fined by the relation

_ o HLFsadyen )t Ag
=W fIFtsd5an A

The integral F[ R d d is a measure of the power radiated by the
g N

(35)

primary feed and intercepted by the main reflector if no spillover is
present. The integral gA(o o)__] F(§ '1]:'& J1| is proportional to the field
intensity on the main axis.

For circularly symmetrical aperture field distributions, d§.dn of Eq.35 may
be replaced by 2nrdr, where r is the radial distance of the elementary area

from the center of the aperture. Eq. 29 then becomes
D
1 f l.(r) rdr
gA = il; | 9 , (36)
A D 1
f; ”")I rdr
o

and Eq. 35
'D

-

am Ul (c) rde rL

e = A - ’ (37)
f ?ﬁ(r]l rde -
. 4]
if D is the diameter of this circular aperture,
Let the aperture be blocked by a number of obstacles By, B, Bz, ——=——== By

(Fig. 5) with

g, (0,0) =’(F §"I dEJ‘q 5 (38a)
0 (0,0)[*

B (00 = MJ_ 1\[‘ , (38b)

Pr-

where B,(0,0) is the effective aperture surface of the blocked parts, and

and

let Gp be the gain of the aperture A containing the blocking obstacles B,

The efficiency Ny of the blocked aperture is now found to be

ny = 1

Gmax

]S Famdgdn|
“‘ SR ey
where B:zﬂzl Bn

or

(39)
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Comparing the efficiency of the blocked and non-blocked apertures, we obtain

the relative efficiency

2

Z
AJBch,«.wsan 9.5 (0,0)

— = | —_——— . (40)

o | f F(5.q)dxdq 9 (0,0)
A }

-
@

3

The integral J F(%,‘l]) d%d‘rl is equivalent to

A-8
[F(sa)dydn — [Flsm)dydy = g 00) — g, (09
A-B 8

so that

f ' *
h — 1_ B F(g)q)d‘sd’l — 1__ gg(oao) . 41)

o AfF(%,q)dgd'q 95 (0,0)

In the same way the blockage efficiency for a circularly symmetrical aperture

with circularly symmetrical illumination may be expressed by

2
TL!'.-__ 1 IgF(r)rdr (42)

Mo ‘[A F(e)r dr

In the case of uniform illumination, F(g,n) is a constant. Therefore,

2
s _ |1 8| (43)
"o A

A and B being geometrical surfaces.

Calculations with tapered illumination are presented in Sec. 5.3.

In the following sections it will be proved that the blockage efficiency

:!iﬂ can be further increased to a maximum of

Mo
Me | 2 Bolane (44)
Mo A

if the aperture is illuminated uniformly, and2 B plane represents the parts

blocked by plane waves.
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4.2. Optimizing the blockage efficiency

In sec. 3 it was already found that part of the total power P, radiated by the

feed will not be reradiated by the blocked aperture in the prgper way, as it

does not reach the aperture in the correct direction and phase. The result is that
this power is scattered in all directions, decreasing antenna gain and

blockage efficiency.

If the antenna is used for receiving purposes it is easely shown that power of

the incoming waves is intercepted by the obstacles. This intercepted power is
always wasted and can never be supplied to the feed of the antenna system correctly
as it does not have the correct phase or direction of propagation. In the remaining
part of this section it will be proved that the blockage efficiency may be
increased considerably.

Let ¥(E,n) be the field over a non-blocked aperture and F'(f,n) the field over the
same aperture but optically blocked by obstacles.Let us further assume that it is
possible to distribute power blocked by the obstacles over the aperture in the
correct direction and phase, and that F'(f,n) comprises this blocked power. We now
want F'(£,n) and F(Z,n) to be of the same form over the parts of the aperture where

F'(£,n) is defined. Both fielss are then related to each other by

F'(Esn) = C-F(E,n) (45)

where ¢ 1is a constant.

The power P radiated by the non-blocked aperture is given by Eq.33. Applying

T
field distribution F'(£{,n) = c.F(£,n) over the unblocked portion of the aperture

A-B, which should radiate PT as well, leads to

b=t (%)i R 4 ()

A-B

sothat

1
B J[F(s.m] dgen _ R . )

[|FCs.m|'endq~ [IFC5.2)axdy  Pp- 0y
A 8

o—
—
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or

2 le(Em)Ildisdn
C 4 . @8)

[ F(5m)| 4y dn
A-8

Since the illumination is now multiplied by a factor ¢ , Eq.40b for the new

blockage coeficient can now be written

2
(n_3)= A-IECF(g'“] d% dn s (49)
Nolmax | [ F(§.2) dydn To

It will be clear that in the denominator of Eq.49 the field remains unchanged,

otherwise the non-blocked aperture would radiate too much power,

Substituting Eq. 48 in Eq. 49 we obtain
2
(13_) —_ A,fs F(5.m) dydn B AIIF(E,H)J‘gcl-q
) EGsempaydn | [ [FGsm[ ey
A A-B

No
Comparison of Eq.48 with Eq.40a shows only a little difference in the denominator.

. (s0)

In Eq.50 we find the expression

I [F(E,'n)lldgdq (51)
A-B8 .

as compared with

£|F(g,q)(ldgdn (52

in Eq.40a.

Eq.51 can be explained as being the power radiated by the blocked aperture with
the original aperture field F(£,n). This power is less than that radiated
according to Eq. 52.This also means that the blocking efficiency ”B/no will
increase as compared with the blocking efficiency presented by Eq.40b.

In case of uniform illumination, F(g,q) is a constant.

Hence Eq.50 is written as

(E_) = | - i , (53)
Mo ‘max A
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which expression was already predicted in Sec. 3 and which also shows that

gain and surface are directly proportional to each other, which is normal for
antenna systems. This is because no power transmitted by the feed is lost by
scattering against the obstacles blocking the aperture.

When looking carefully to the blocked parts of a dual shaped antenna system with
blocking obstacles (in the zero field concept), it is easely shown that, if the
antenna is used for receiving purposes only, power of the incoming plane waves
is intercepted by the obstacles. This power is always wasted and can never be
supplied to the feed of a shaped reflector system in the proper way.

We will therefore distinguish between the blocked parts of the aperture, where
Bplane'and_Bsph represent shadows in the aperture of plane waves and shadows of
(nearly) spherical waves, respectively.The optimum blocking efficiency obtainable

in the case of uniform illumination, assuming the zero field concept, is therefore

(%%)max= | z_ﬁil‘i’i_ )

As uniform illumination is assumed, Eq.48 becomes

@8@

I

A_B

qune
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Ealeulations of aperture blockage

Introduction

"he shadows of obstacles within a cassegrain antenna such as subreflector

and struts may be treated by geometrical optics, 1f they are of the same order

of magnitude or larger than the wavelength {#,5).Although struts of different

constructions are known and applied, this paper will only deal with struts of a

cylindrical cross-section, as frequently used in practice, Moreover, not much

difference is noticed if rectangular struts are used (1,6).

It has been indicated before (14) that three major areas of shadowing are

known (Fig.4a,b and c¢),assuming no feed blockage.

1. The center ohbstacle or the subreflector shows a shadow on the aperture
obtained byprojecting the subreflector by a plane wave (Bl).

2. The portion of the plane wave obstructed by the struts is found by projecting

the struts on the main reflector aperture (B2 )} by a plane wave.

3. The third shadow (B3) is formed by projecting the supports legs on the aperture
by a spherical wave with its phase center in the focus (Fig.4b). In the case
of shaped systems this shadow is nearly sperical.

The last shadow starts from the point where the supports have been fixed to

the main reflector, indicated in Fig.4b by the distance ro.Owing to mechanical

difficulties the supports are very seliom fixed at the rim of a large reflector.

Several investigators (1,4,10,14) have made calculations with respect to these

shadows more or less approximated. The best possible approximation up till now

was first presented by Ruze (1) and his method will now partly be followed here.

From the geometry shown in Fig.4,it will be seen that the geometrical surface

is

of the central part B1

2
S

B, =

LTD
4

and that the geometrical surface of the shadow of the supports is

B2 = 8w(ro - %DS),
where it is assumed that the supports are attached to the subreflector, and
that four supports will be used. The calculation of the shadow surface from
the sapport legs caused by spherical waves is somewhat more complicated.
The projections of the sopport legs by spherical waves are very similar to
trapezoids. Wested (10),however, indicated that the sides of this "trapezoid"

are no straight lines ,but arcs.
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In spite of the small amount of inaccuracy, Wested used the trapezoid approximation,
It does, indeed, simplify the calculations and it is to some extent used in this
report to discuss the sidelobes caused by blockage. A calculation without approxi-
mation is carried out in appendix A. It is found there that for four supports the

geometrical surface equals to

8 1 1 o2 an tand 3 )
B, = _%_[éo -1n _ (4 0ac)Flans - (%D_ro)] ) (54)

Uniform illumination

If the field over the aperture has uniform amplitude and phase distribution, the

blockage efficiency ;E is readily calculated by
0

M. =[| _ BB+ B, J":[l _ g,(0,0)+¢,(0.0) + g,(0,0) J ) (55)
A 9, (0.0)

0

a being the unblocked geometrical aperture and n, = 1. A numerical example h7s
already been discussed in a previous paper (15).

The blockage efficiency has been calculated for uniform field distribution in the
aperture as a function of the width of the support legs with the distance r, as

a parameter. Fig. 6a shows the result , being a rapid decrease of efficiency with
a growing width of the supports. Moreover, the decrease is less, if the distance
r is inereased, which means that the supports are fixed nearer to the rim of the

main reflector. In this case the "trapezoid" shadow decreases and therefore EE
n

improves . o

If the width of the supports is neglected in respect of the wavelength, which

is possible in some applicatiomns, viz. in satellite antennas, the blockage
coefficient is entirely depending on the ratio DS/D. This ratio is mostly 0.1,
therefore nB/no is 0.98. Improvement to 0.99 is possible by using special shaping
techniques in double reflector systems (9). Trentini (4} has used a different
method of calculating the blockage coefficient by introducing an average width

of the support. The disadvantage of this method lies in the fact that no clear
insight is available as to which part of the shadow is formed by spherical waves
and which by plane waves. However, his calculations for uniform distribution are
as good as correct. For D = 350 A, D_ =351}, 2w = 2 X and r =902 his predicted
blockage efficiency appears to be 92 7, while the exact calculations shown above

indicate a result of 8% % (Fig. 6a).
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Tapered illumination

If the illumination of the aperture 1s tapered towards the edges, the shadows
discussed in the previous section will have to be weighted by the aperture
illumination function in order to calculate the blockage efficiency. Dealing

' being norma-

with such problems, polar coordinates r',¢' are mostly used, r
lized to unity. Sometimes r is not normalized. The aperture distribution is
F{(r',¢') or F(r,¢). Sciambi (16,17) assumes the aperture illumination function
to be circularly symmetrical and tapered on a uniform pedestal (Fig. 7).

The function may be expressed by

F(r')=;;i-:.(l.q)(l._,r'")P , 04q¢r , 0L . (56)

With this illumination function a great variety of aperture distributions may
be realized by varying the parameters q and p. The illumination function is
also very similar to illuminations obtained by primary feed patterns of scalar
feeds and theoretical Z(n+1) cos™ U patterns. Uniform illumination is obtained
for q = 1, and for q = 0, the aperture is fully tapered. Doidge (18) has used
this illumination function to calculate the blockage efficiency for the case
of a circularly symmetrical obstacle in the center of the aperture. His final

expression contains some inaccuracies and should be

)}

N _[l _ qA?-(P-H)-(I-q)(I-n‘)P"l.l. I-q } ' (57)
i+ qp

Fig. 8 shows this revised blockage efficiency as a function of the edge illumi-

nation, where 4 , being the ratio DS/D equals 0.1,

Several authors, such as Wested (10), use the aperture illumination function
'y ]
Fle) = 1-ar o (¢t osog% , 6)

discussed before. Wested has introduced very useful information by calculating

the blockage effects caused by plane and spherical waves, although the projection
of the supports by spherical waves was approximated by a trapezoid. It appears,
however, that the variation in the calculated efficiency is less than 1 per cent
when either cylindrical or conical spars with opposite orientations are used (10)}.
Therefore, the shape of the spars seems unimportant with regard to the gain

performance, as presumed before.
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Gray (19), too, has carried out calculations on the blockage coefficient using

an aperture distribution of f-r'* , 0§ r' g

This distribution, however, is not very realistic. In addition, Gray located the
struts at the rim of the main reflector, which is seldom done in practice.
Moreover, the work contains some inaccuracies as already observed by Wested.
Gillitzer (20) should also be mentioned here, although his approach is somewhat
different from the others. Following his method, calculations have been carried
out of the blockage effect on antenna gain and sidelobes (9).

In the following we will calculate as accurately as possible the blockage effects
when the illumination is tapered and we will make use of the results found in the
previous sections.

To calculate the tapering effect, in this paper the aperture distribution of Eq.
6 has been used as it is a function resulting in easy mathematics and giving a
good insight into the tapering problems (Fig. 2).

The contributions to the blockage efficiency, mentioned in Eq. 55 are now readily
found from the theory in Sec. 2. This results in the contribution due to the sub-

reflector, viz.:

g‘(o,o) = I (% D,Jl[l - ia(-;:Ds)z] : (12)

The contributions to plane-waveblockage by the struts will be

3 3 1
= fo ~ - - L - L
9,0,0) = 8w[r, ~40,]-8aw[Lr - L(1D)]-8aw (262D} . (D)
The contribution to spherical waveblockage by the struts may be found from Eq.
20. However, as this is only an approximation, the contribution by spherical
waves discussed in appendix A has been taken for the (0,0) direction resulting

in:

4,00 = 2L[4{(10)'- & p- Fro (10 0)r et (0]} ] (58)
- Leep o o} - Froap{go-afe S0 Y -
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Compared with Eq. 20 the difference is only a few per cent.

The final blockage efficiency may now be found from

:].E_ =.{‘ . gl (‘o'D)vf- gl{0,0)+~93(0,0) ] ) (55)
Mo 9, (0.0)

gl(0,0), g2(0,0) and g3(0,0) having been discussed in the previous sections.
Using Eq. 7, gO(O,O), being the aperture surface weighted by the aperture

illumination function, is found by .
m %D
q (9,0) =f dp[ (i-art) rdr or
(S o o

9, (0.9) = n(.;.o)"[uia(izo)‘] , 6¢a¢

ol

as discussed in Sec. 2.
The results of a computing program (appendix C) are shown in Fig. 6 b, ¢ and d,
where the blockage efficiency has been calculated as a function of the width 2w,

r and a. D/D = 0.1.
0 : s

Besults and conelusions

As may be expected, it appears that the blockage efficiency decreases with in-
creasing taper, although for small values of T, {110-130%) and for large values

of the width of the struts (4-51) not much difference is noticed. For a specific
1
3
illumination has been tapered towards the edges or not. This phenomenon is due

value of r = 110a (ro = D)and 2w = 2)» it hardly matters whether the aperture
to the fact that the blockage by spherical waves, which is largest, decreases
if r, becomes large. For one particular case, viz. where D = 330X, r, = 110X,
DS = 33X, and ¥y = 75 degrees, calculations (app. C) of a uniformly illuminated
aperture have been carried out in such a way that the contributions of each
obstacle are clearly presented (Fig. 9). We see that the blockage by spherical
waves is the most important of all, but also for 2w > 2.25) that the plane wave
biockage by the struts becomes more significant than that by the subreflector.
Although, Eq. 58 contains the parameter F/D ratio of the main reflector and AB
and ¢ in that equation depend on the F/D ratio (see appendix A), calculation
shows that the influence of the F/D ratio may be neglected. Figs. 10a, b, ¢
show this blockage efficiency as a function of F/D and with edge illuminations
of 0 dB, -10 dB and -20 dB. As a typical example, D = 3302, D, = 33)and 2w = 2X

3
have been taken with r_ as parameter.



- 27 -

As will be noticed the graphs are nearly independent of by This result is not
identical with that published by Ruze (1), where the blockage efficiency in-
creases with increasing F/D ratio. No conclusions may be drawn from Figs. 9

and 10 with regard to the blockage efficiency for 2w < A, as in that case
diffraction effects may not be neglected,

As further results of this work it is worth mentioning that the blockage
efficiency as indicated by Doidge (18) has been recalculated and improved.

A comparison between approximate formulas of blockage by spherical waves

with exact formulas shows only little difference. All in all the work presents
closed expressions to calculate the blockage efficiency for nearly all practical

applications based on geometrical optics.
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Fig. 1. Spherical coordinates Fig. 3. Blockage by plane waves
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a. b. c.

Fig. 4. Shadowing by plane and spherical waves in cassegrain antenna systems

with four struts
a. Shadow by a plane wave

b. Geometry of the antenna

c. Shadow by a spherical wave

Fgm

Fig. 5a. Aperture A without blocking Fig. 5b. Aperture A blocked by obstacles B
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Aperture illumination funetion

F(r') = q + (1-q) (1-r'%)P

Fig. 8

The blockage efficiency
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parameter using Eq. 54
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Appendix A. Blockage by spherical waves

The geometry required to calculate the "weighted" blockage of the struts

caused by spherical waves is found in Fig Al. Using the law of sines in

ABC of this figure we find

AcC _ AB
S:'n(di-l.:) Sia (Y ~ &)
[}
Further,

')(,j = A s'n ¥

Using in addition Fig. A2, the geometry also shows that

) W
3& = ﬁji 2 = : therefore
r AC? Y
S W _ \ar Sl‘ﬂ(qf"‘-“)
w RB cosel siny

As 1n a cassegrain system (Fig A3)

we find that

wr
Ap 4F A3

Therefore,

]
ZD

g(0,0)= 4 (1-art) 2y dr

%

which results in

g,(0,0)= i:.\."% [1 {(ig)'-_ po’-}__ Flana { io"o} 4

3

~ dve [1 l(io)"-r,“} - Fhod ! {(iu)’

Ag %

(Al)
R& cos o sin y
SI.Q(W-‘{)
r= 1F I-anlz%
- _‘:__: ban o
Al
(A2)
kana | 5 ,\3 1
12F {(;D -’H *
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" For uniform illumination Q=0 Eq. A3 reduces to

ew | Dz f L 1 F L ]-a,\d 1 3 P 3 ]
0.0)= 'Lttt {'par ansl 4 D-
ga( Jo) A—B { 3 L o (’ °) 'T;F- ( 8 /] ) (All’)

The system constants ® and AB may be found from Fig. Al resulting in

l‘ﬂnd = ro " D"' 3
zF <°5Y“ - El DS
I+ cos VG kas Yy (A5)
and as
lna s 0P 6-RB Ly
AR? r 7

Fon
A= o[- e ]
(A6)

1
2

and r = 2F tan v o,
0 )

Fig. Ag. Classical Cassegrain system
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Appendix B
Computeyr program for the total directive gain pattern gt(8,¢)

Purpose : This program computes the total directive gain pattern near the main
axis of a double reflector antenna system blocked by subreflector and
subreflector supports.

Language: Algol

Author : J,M,Berends, Eindhoven University of Technology,Dept. of Electrical

Engineering, Eindhoven, Netherlands.

Description :

The directive gain pattern may be represented by the expression

g, (8,8) = g (8,0) - g, (8) - g,(u,v) - g,(u,v)
where g0(9,¢) represents the pattern of an unblocked aperture given by Eq.8;
g](Q) the contribution to the pattern by the subreflector (Eq.ll); gz(u,v) the
contribution due to plane wave shadows (Eq.17); and g3(u,v) the contribution
due to spherical waves (Eq.20).
The variables u# and v are represented by u = sinf,sin¢ and v = siné,cos¢

For ¢ = 0 a value of 10-3 has been taken to avoid discontinueties with ¢ = 0

in the denominator.

Input variables

Input variables on a special input tape are the following : a (Eq.6);

. »
wavele:gth A} diameter main reflector D in A ; diameter subreflector D in X
width of the supports 2w (in X ); r being DS/2$ rg D/2; further,Y

ymax

max,* min

, and Ymin being values determining the vertical coordinates.

Output
The output consists of printed output and plots. There is printed output

which prints G0 and Gt in dB, and printed ocutput which prints 851818y and I
not in dB, both for ¢= 0 and ¢ = 45°,
The program supplies 6 plots, viz. G0 and Gt in dB,goand g, ot in dB but in

absolute values, and 8148,5 and 8, both for ¢ = 0 and ¢ = 45°,
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Appendiz C

Computer program to calculate aperture blockage

Purpose
This program calculates the blockage efficiency as a function of the width of
the supports , the edge illumination of the main reflector, the implantation of the

supports on the main reflector and the ¥/D ratio of the main reflector.
Language : Algol

Aurhor : J.M.Berends, Eindhoven University of Technology,

Department of Electrical Engineering, Eindhover, Netherlands,

Description

The blockage efficiency has been calculated by means of the formula

2
M8 _{q _ 900 +g,{0a*g(00) J
"I'lo 9@(030)

where gl(0,0) is represented by Eq. 12 ,g2(0,0) by Eq.l7 ,g3(0,0) by Eq. 20
and go(0,0) by Eq.10.

Input variables

Before starting the program the following parameters have to be fixed: D in i, TT,

Yo in degrees, DS in 3. From D and wz the focal distance F may be calculated.
Four values of @ ,determining the edge illumination should read in>duced

as well as four values fo r (the implantation of the struts on the main reflector)

Output

The output consists of printed output and plots. The printed output gives the
efficiency as a function of 2w, which varies between 0 and 5; . The implantation
(ro) is parameter. For D = 330 ), a suitable value for satellite communication,
r_ varies between 90 A and 165 A.It is also possible to obtain the blockage
efficiency as a function of F/D with r again being parameter and variable

edge 1llumination.

The plots supplied with this program show the blockage efficiency as a function
of the edge illumination with varying support width and r, as parameter or

as a function of F/D with eonstant support width and varying edge illumination.
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