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Antenna Technology for Space-Based Radar
Part 2. Estimation of Blockage Side-Lobe
Levels for the Space-Based Radar Antenna

1. INTRODUCTION

A large space-fed lens antenna has been proposed for the low side-lobe, deep,

steerable null requirements of the space-based radar system. One of the con-

cepts for positioning the antenna feed subsystem relative to the array lens is shown-

in Figure 1, where a mast structure connects the feed array and the large array

lens. For this concept, it appears that scattering caused by the aperture blockage

of the triangular mast support members can increase the side-lobe levels of the

far-field radiation pattern above the specified -50 dB level.

This report presents estimates of side-lobe levels produced by this blockage

effect. First, side-lobe levels are estimated using an approximate expression for

the field between the feed and the array aperture (lens). Then a more exact expres-

sion for this field is used in order to obtain more accurate estimates of blockage

side-lobe levels. This more exact field expression includes the effect of the sub-

array beams in the space-feed concept. Detailed side-lobe structure is presented

for the case where the more exact field representation is used. In addition, block-

age side-lobe levels for antenna stays are estimated.

(Received for publication 21 July 1980)

5



a-- D2.3mn -j

FEED n
ARRAY BOOM (OR MAST)

h

9

z=Ro=106.5m Ro

/_.LENS (RADIUS= ,_

Figure 1. Geometry and Dimensions for the Space-Based
Radar Antenna

2. SIDE LOBES DUE TO SCATTERING BY ELEMENTS ON THE
SUPPORT BOOM (APPROXIMATE FIELD)

First, consider the system side lobes produced by scattering from the boom.

The vertical boom structure is relatively unimportant, since the vertical field

component is small when compared with the horizontal.

Let us therefore ignore vertical and near vertical support elements on the

boom so that scattering is mainly by the horizontal, triangular elements shown in

Figure 1. There are 51 triangular support members, each with three equal sides

assumed to be circular bars 0. 44 m long, with a radius of 0. 00574 m. We also

use reciprocity, so that side lobes on receive can be analyzed by considering the

radiation pattern on transmit. A first approximation for the field along the mast

is given by
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Ee - j k -

E(h) = 0 

(

Sh2)2 
11/2

4D 
4

where k = 21r/A, D is the feed aperture dimension, x a unit vector and h distance

measured from the feed array toward the lens. Note that Eq. (1) represents a

collimated beam for h < 2D 2 /X and a spherical wave for h >> 2D 2 / . The field is

linearly polarized in the x direction. In the next section, we will consider an

improved representation for E(h). Figure 2 shows an expanded picture of one of

the horizontal triangular supports.

Lj L
I

E L

Figure 2. Detailed View of Triangular Support Member
(view from lens toward feed array)

When the field is incident on one of the legs of the triangular sections shown

in Figure 2, the current induced in that leg is given by

4 wc° E(h) (

S k 2 H(2)(ka) (2)
0

where

I = a unit vector along the triangle leg

W radian frequency

permittivity of vacuum

H the Hankel function of the second kind0

a the radius of the element.
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For a << X, Eq. (2) can be approximated by

j2r E(h) 1
I .- -(3)

where 0 is the permeability of vacuum and W = 27rf. Note that 1 is one of the unit

vectors £, or i in Figure 2.

The current produces a vector potential near the lens given by

^f e'JkR
A f dl I R (4)

where R is the distance from a point on the scattering element to a field point; The

magnetic field H is calculated from Eq. (4) via H = V XA. For a triangle located a
distance h from the feed, the vector potential at a point x, y, z is given by

jLE(h) _ ekr)j c -S= f [in (5.6a) xsinc [!L]

+ 0.5(0. 5i - 0. 866yi) exp !- , -+ 0. 433y sine 0. - 0.866

+ 0. 5(0. 5x + 0. 866i) exp(J I (-x(+0.433y} sine 05-+0.866

(5)

where
1/2

2 2 21/
r[x + y + (z -h)

and

asina

In Eq. (4), and as shown in Figure 1, R is taken to be the distance from a

point on a scattering element (triangular support member) to a field point. How-

ever, in Eq. (5), R is approximated by r, the distance from the center of a
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triangular support member to a field point x, y, z. The total vector potential is

obtained by summing the vector potentials due to each triangle. This ignores any

mutual coupling between triangles. Let

h z nA

and for each triangle

R z rnn r

where I 1/
r ~m 2R l f nA l

r R 1 o +-R 2 R- cos 0

is the distance from the center of the nth triangle to a point on the lens located by

the lens radius of curvature, Reo and the angle 0. This analysis is applicable

strictly to a spherical lens with a radius R = 106. 5 m. For a flat face lens locat-0

ed a distance z from the feed, R would be a function of x and y; that is,
0

R z+ 2 + y 2 . However, near the lens center and for z large, the scat-
0tered field will approximate the field scattered upon a flat face lens.

In Eq. (5) for the vector potential, use x/r n gn sin 0 cos 0 and

y/rn = gn sin 0 sin 6, where gn = (1 + (nL/R )2 - 2 nA/R0 cos 0- i/2 and n is the

summation index. Upon summing over all triangles and taking the curl (in order to

get the H field), we find for the normalized magnetic field

51 1 j bg 1 jagn

) - sine (ag n ) + sinc (bg n ) (;)

n=l

51 4bg nag 
nHx -0.433 1 Vn e sine (ag n ) + e sine (bgn) (7)

n=l
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where

A i ekfl R o 0n jkr~
0 0 n, e-

nA 2* n n r 8V +

and

2 1/2

121
Ao L I -(9)

r o0 (10)
n gn

a = -0.5a + 0. 8 6613 0I)

b = 0.5a + 0.8663 (12)

a= sin 0 cos 4) (13)
2

0 2kL sin 0 sin 4) (14)

In Eqs. (6) and (7) the magnetic field has been normalized to the magnetic field

which would be present at the center of the lens in the absence of the support mast,

that is, no scattering at all.

The relative power near the lens center scattered by the triangular (horizontal)

support elements in the mast is shown in Figure 3 for X r 25 cm. The relative

power near the lens edge is shown in Figure 4. There is no sharp null structure,

since the field point is in the near field of some of the scatterers. Note also that

the variation along the x-axis (0 = 0) is similar to that along the y-axis (/ = /2),

especially for small 0.

The scattered power near the lens center is only about -10 dB relative to the

unscattered power there; this produces effective blockage side lobes of order

SL_ 10log1 0 [.lo ( ) (15)
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Figure 3. Boom Scattered Power on Lens Relative to Unscattered
Power at Center of Lens for Small 0; X 25 cm
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Figure 4. Boom Scattered Power on Lens Relative to Unscattered
Power at Center of Lens for Large 0; X = 25 cm
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where 0B is the beam width of the scattered pattern in Figure 3 and Q1 the angle

subtended by the edge of the lens. From Figure 3 we see that 0B is of order 0. 5

to 0.90, whereas 01 = 18.40. Consequently, the blockage side lobes are of order

-62 to -72 dB.

3. SIDE LOBES DUE TO SCATTERING BY ELEMENTS ON THE
SUPPORT BOOM (MORE ACCURATE FIELD)

Using the approximate field of Eq. (1) and Eqs. (6) and (7) for the scattered

field on the lens, we estimate side-lobe levels of -72 to -62 dB. Since these levels

are well below the specified -50 dB side-lobe operational requirements of the

space-based radar antenna, a more accurate field representation is used for E(h)

to determine if the assumed form of the field between the feed and the lens has a
significant impact upon antenna far-field radiation pattern side-lobe levels.

Equations (6) and (7) were used again to calculate the scattered field on the lens.

However, Vn was modified to include the correct normalization for the new field

representation.

The more accurate expression for the field, which includes the effect of the

angular distribution of 37 subarray beams, is given by

37 M N

E (h)ZX x Z
p7l m=-M+l n=-N+l

exp[-jkPnm - jkxm sin n p cos 0p- jkyn sin Pp sin (px (16)
Pnm

where

,, 2 + + y 2

.4nm lh m + n

Also, xm (m - 1/2)d and yn = (n - 1/2)d are coordinates on the square feed with

2 M elements separated by the distance d in the x direction, and 2 N elements

separated by the same distance in the y direction. The number of feed radiating

elements is therefore 2 N X 2 M. Also in Eq. (16), k = 2w/A, and p and p locate
th p

the center of the p subarray beam on the array lens as shown in Figure 5; I is
th -c0 2  p'

the subarray amplitude taper for the p beam. For example, I = e- P for a

Gaussian amplitude taper. The constant c is chosen to make the outermost beam

12



approximately 30 dB smaller in amplitude than the center beam, that is,

Ip= e- 3 .5 6 5(0p / 18 )2 for 0p in degrees. Also, 2 M = 2 N = 16, d = X/2, and

X = 0.25 m.

0.+ 90.

SUBARRAY BEAM
NUMBER(ITO +
(I TO 37) +. + +3

+ + + + +
(l2z=6o,#12= 9o) 4- 5 6 7 8

+ + + + + + +(8,120,O)

9 10 II 12 13 4 15 2-1

+ + + ++T #,0"
16 17 is 19 X! 20 21 226.

+ + + -I - + +
23 24 25 26 27 28 29

+ + + + +
30 31 32 5 3

+ + +
35 36 37

Figure 5. Angular Distribution of the 37 Sub-
array Beam Centers

The triangular mast supports scatter RF power. The extra "bump" in the

illumination on the array lens can be treated as a blockage effect which produces

side lobes in the antenna far-field radiation pattern given approximately by

SL -- 10 logl0 [b (\)] (17)

where Pb/P() is the ratio of the scattered power at the array center (x = y z 0) to

the power which would be present at the center with no scattering; 0B is the "half
B

beamwidth" of the scattered power distribution and 6I r 18.40. This assumption

is used to compare the previous results with those obtained using the more accu-

rate field representation; in addition, far field patterns are calculated directly

from the perturbed aperture illumination in order to determine more detailed

information about the side-lobe structure.
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The use of Eq. (16) for E(h) gives a scattered field distribution designated as

Escat in Figure 6. The distribution was obtained for 0 = 1/2, that is, along the

positive y axis; however, the distribution is similar for other values of 0, as noted

earlier, and is assumed to be circularly symmetric. This lack of 4 dependence

simplifies the calculation of the far-field radiation pattern. The unperturbed field

distribution (due to the subarray beams alone, with no scattered field) is designated

as E in Figure 6, and is also assumed to be circularly symmetric. Both field

patterns are normalized to the value of E at r =0, that is, at x = y 0, which is

the lens center.

1.0
t .9 - '%, E(R°)"

.7 -

IL .

.5
> '

.4

,j * .'% ,Escat.

.2

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 IG E9

ANGLE FROM FEED POSITION ON LENS,9 (DEGREES)

Figure 6. Unperturbed and Scattered Fields on the Lens (0 = ir/2)

Taking the -3 dB power point as a criterion for the blockage extent, we get

0. 8 degrees (-3 dB in power occurs when the field has decreased to 0. 707 of
B 2the peak value). Also, Pb/Po : (0.46/1.0) 0.21; therefore

St. = 10 lOglo0 .21 E[0. 8  (18)

z -61 dB
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Taking the criterion for the extent of blockage as the angle where the field has

decreased to half its value at the lens center, we get

SL z 10 log1 0  .21 [ 2 1} (19)

S-45 dB

The side-lobe levels predicted using Eq. (1) for the field range from -72 to -62 dB,

depending upon the value used for 0B in Eq. (17). Therefore, the present analysis

predicts higher side-lobe levels.

The results in Eqs. (18) and (19) are approximations for system side-lobe

levels.

To obtain more detailed information about side-lobe structure, the field dis-

tributions in Figure 6 were used to calculate a far field radiation pattern of the
phased array antenna. The far field radiation pattern (for 6 = 0, scan angle of0

zero degrees), assuming a circularly symmetric field distribution over a circular

aperture of radius r ° (where r ° = D /2) is given by

~r 00

F() = Jo(kr sin 6) f(r) r dr (20)

0

where J (kr sin 0) is the zeroth order Bessel function, f(r) the field distribution on

the array aperture and, 0 (in this case) the far field angle from array normal

(broadside). In the worst case, Escat is either 1800 out of phase with E 0 and

f(r) = E° - Zscat, or exactly in phase where f(r) = E + Escat* These conditions
imply phase coherence between the scattered field and unperturbed field. For

conditions where the phase between the scattered and unperturbed field is other
than a fixed constant (for example randomly varying), the effect of the scattered

field upon the side-lobe structure is expected to be less severe. Curve fits for

E and Escat were used in Eq. (20), and the integral was numerically evaluated by

dividing the radius into 100 equal increments and using the composite Simpson's

rule.

Radiation patterns for the case of unperturbed field illumination (Escat = 0) and
the perturbed cases of 1800 out of phase and in phase are shown In Figures 7, 8,

and 9, respectively. Note that, as specified, side lobes are below -50 dB in

Figure 7 for Escat = 0; however, for both the 1800 out of phase case and the in
phase case, the side lobes are above the -50 dB specification and approach -40 dB

near the main lobe In Figure 8. In both cases, the side-lobe levels are higher than

the Escat = 0 condition for far field angles out to four or five degrees.
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Figure 7. Radiation Pattern for E 0
scat
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Figure 8. Radiation Pattern for f(r) =E(R )-E
(1800 out of phase case) o scat
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Figure 9. Radiation Pattern for f(r) = ER o ) + E
(in phase case)

4. SIDE LOBES DUE TO ANTENNA STAYS

Side lobes due to antenna lens stays can be treated as simple near-field block-

age. If the transverse stay width is 2a, its electrical blockage width (assuming

2a << X) is

721 
(21)

2 [n2 5.6a

if the electric field is parallel to the stay. Consequently the electrical blockage

area of a single stay-pair is

Ab = aD (22)

where D is the lens diameter, as shown in Figure 10.0
The blockage side-lobe level produced by a stay-pair oriented parallel to the

electric field is shown in Figure 11 for X = 25 cm. For 2a = 1", a/X = .05, we

see from Figure II that this blockage produces -55 dB sidelobe levels.
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LENS

PROJECTED ELECTRICAL
AREA OF STAY-PAIR

Figure 10. Electrical Blockage Area of a
Single Stay-pair

-40

t -60

W

-80

10-4 10-3 aX10-2 i0-1

aa

Figure 11. Blockage Side-Lobe Levels Produced by a Pair of Stays
Oriented Parallel to E-Field; X = 25 cm; D = 70 m

0

S. CONCLUSIONS

Side-lobe levels due to the blockage effect of the feed boom and support stays
for the space-based radar antenna have been estimated. For the boom, the scat-
tered field from the triangular support members produces far field side lobes in
excess of -50 dB and side-lobe levels up to 8 dB higher than the "zero scattering"
or unperturbed pattern at angles out to four degrees. In addition, it was shown

,18
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that the approximate field representation of Eq. (1) yielded conservative estimates

of side-lobe levels compared with the field representation of Eq. (16), in which

subarray beams were specifically included. Side-lobe levels due to antenna stays

were on the order of -55 dB.
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