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Effect of CW-396A Radome on the Radiation
Pattern of Rectangular Antennas

1. ANALYSIS

In this report we will present some results showing the effect of a CW~396A
radome on the radiation pattern of a rectangular aperture. It is well known that
in the absence of the radome the radiated power can be written as

& 7 2
P =A (l-sinz esin2 é) lff K, olk(xsin g cos ¢ + y sin ¢ sin q”dxdy L
S

where A is a constant, K e is the electric or magnetic surface current on the
radiator, S is the radiator surface area, and g and ¢ are defined in Figure 1.

Now suppose this antenna is placed inside a CW-396A radome. It has been
demonstrated elsewhere that for this type of radome only the radome ribs signifi-
cantly influence the radiation pattern, and the effect of the radome panels and bolts
can be neglected (at least, for frequencies up to and including S-band). For pur-
poses of calculation we have found it convenient to assume that the near fields of
the antenna are still collimated as they pass through the radome. Furthermore,
we assume that over the intersection of this collimated beam and the radome, the

(Received for publication 29 December 1976)
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Figure 1. Antenna Geometry

radome surface is nearly flat so that it can be approximated by a rib structure
which is periodic in x and y, as shown in Figure 2.

In order to calculate the effect of this approximate radome structure on the
radiation field we employ the equivalent current method. Using this method we
calculate the field which is scattered by each radome rib and then approximate
that rib by a current sheet which produces the same radiation field. This current
sheet is then projected back onto the antenna so that the net antenna current is the
original surface current Kg plus the surface currents KR due to all the radome
ribs that are projected back onto the antenna. Therefore, in place of Eq. (1)
we get
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where the equivalent current KR is nonzero only over those portions of the surface
S upon which a radome rib is projected and the factor exp (ikh cos g) accounts for
the phase shift between the actual location of the radome ribs and their projection
onto the antenna. The quantity h is the distance between the antenna and the
radome surface. Also, A' can be determined from the requirement that

2n L on

m
f déf sin edan(0.¢)=f d¢f sin 6 do Pp, (g, ¢)

o o o (o]

The equivalent currents KR have been calculated previously for both L- and S-band
signals in Eq. (18) and Tables 1 to 4 of report RADC-TR-76-379. For the hori-
zontal struts

| X

R
s

=>EK” ; (3)

whereas for the diagonal struts

IR

R
s

=§[0.53K"+0.85Kl] g (4)

=

where K” and Kl are given by Egs. (2 ) and (22), respectively, in RADC-TR-76-379
and X is a unit vector along the x-axis (note that a horizontally polarized E field
gives a magnetic current z X E which is directed along the vertical axis).

We have not yet specified what we shall use for the antenna current distribution

KS; we choose

K, = X cos (%) cos (%) exp 3 -ik(x sin 6g cos ¢ + ysin 6 sinépg)r . (5)

The current has a cosine taper in both x and y planes and a phase tilt such as to
give a beam maximum at g = 6g and ¢ = ¢g-

2. RESULTS

If we assume that the antenna lies at the center of the CW-396A radome it is
appropriate to choose h = 324 in. Also, the separation /2 between horizontal
ribs is 58.94 in. and the angle 6R defined in Figure 2 is 32°. For the case when




1

there is no beam displacement (that is, 6g © ¢B = 0) we have calculated the effect
of the radoime on the antenna pattern for the cases listed in Table 1.

Table 1. Effect of Radome on Antenna Pattern
Frequency 2x, 2y, ) See
Case (GHz) (Inches) (Inches) (Degrees) Figure
1. 35 360 180 0 3
A 1. 35 360 180 32 4
1. 35 360 180 58 5
1. 35 360 180 90 6
3.15 240 144 0 7
B 3. 15 240 144 32 8
3.15 240 144 58 9
3.15 240 144 90 10
3. 30 312 168 0 11
C 3. 30 312 168 58 12
3.30 312 168 90 13

In plotting PR in Figures 3 to 13 we have normalized Py so that

Pp (g =0) = Py (g = 0). This of course ignores the power loss in the main beam

caused by power being scattered by the radome into the sidelobes.

conservation equation

27

2m

.[dq)f sin pdg [ Py (6,4) - P _(6,6) ] =0
o

By using the

it is possible to estimate the loss in gain caused by the radome, as shown in

Table 2.

Table 2. Estimated Loss in Gain
Case Approximate Gain Loss (dB)
A 0.1
B 1.0
C 1.3




It is interesting to note from Figures 3, 7, and 11 that the grating lobes
caused by the horizontal radome ribs are about 30 dB below the main beam level
at L-band and about 23 to 24 dB below at S~-band. The diagonal radome ribs pro-
duce grating lobes at ¢ = 589, as is clear from Figures 5, 9, and 12. These are
about 35 dB below the main beam level at L.-band and about 26 to 30 dB below at
S-band. There are no appreciable grating lobes for any other values of ¢ in the
range 0 < ¢ < 90° (of course there are grating lobes in the ¢ = 1220, 180°, 2380°,
and 302° planes), as is clear from Figures 4, 6, 8, 10, and 13.

We have also studied the radiation pattern in the ¢ = 0° plane for the case
when there is a 5° main beam tilt in the vertical plane (that is, g = 5°, d’B = 0).
These results are shown in Figures 14 to 16.

3. CONCLUSIONS AND DISCUSSION

The CW-396A radome can produce grating lobes in the vertical plane which
are about 30 dB below the main beam at L.-band and about 23 to 24 dB below the
main beam at S-band. The radome produces about a 0.1 dB loss in gain at L.-band
and about a 1 dB loss in gain at S-band.

Finally, we should note that all the panel sizes on the CW-396A radome are
not exactly the same, as we have assumed in our approximate model. These
slight size differences would tend to broaden and lower the grating lobes by a small
amount (about a dB). We have also considered the effect of radome curvature.
This effect is shown in Figures 17 to 19. Upon comparing Figures 17 to 19 with
Figures 3, 7, and 11 we see that the effect of the radome curvature is small.
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Fortran Listing of the Computer Progrom Used for Colcvlating Radome Effects
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€04t
REAT XTNPUT

OBl b BB

CELL A LS ";::’ :-4:"

IF(NSH FP, 2) PRINT XINFUT

AFCETN =X 7+ -
TF(ITYPE +E7 2) ARCSIN = ASIN(ARCSIN)

NN—=—IM T ARPASTIN /ALY

ENN. = FLOAT(NN)

SINPHT =Tt PHTAEEI AN
CCSFHT = COS(PHI®NEG2RAN)

s P I O S PR AR .
SINFHIR = SIN(PHIR*(FG2FRAC)
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SINTHE = %TN(TNFTAR'PEGZQA"’

£1 = X¥SINTHB®*NOSTHIR e e e s e
Gz = K¥STHTHRISINPHT®

BN T = s
CF = n exrgaxy

e _"'7"?1’?""97—’_'7.11"1117 - R
PTOZYC = PT 7 (2. c-vv)
BE e T e e e e e e e S e
CALL SShTrE(4,y MSHW)
it TEFCrFSH JEN, 2Y PPIKT A0, PHI — ' T
N0 = (DLCy 2eM)
et
AFGF = AMFL(N#7,IFR)®COS (ANGLE (N+7,TFE)*CEC2RAL)
APGT = AMPLIN+ T, TFRI*SINCANGLE (NF Ty IFRY YO=G2RADY —— ——
NG = CN + CMPLX(ARGR, ARGT)
“AREF = AMELIR; TP IS O ANGLE (NG IFBY ®0EGZRANY — —
BRG] = AMEL(N,TFP) *SIN(ANGLE (N, TJFB)*CEG2FAC)
"—T?—ﬁffﬂfﬁr‘?*’t?f*?ﬁ’?‘*’ﬁi1
NKy = (EPS = 1,0) * CF * Q0
— o HPETAC T THETAL S S S
CCSFTH = COS(FTHETA*NER2RADN)
— - QINFTE = SIN(RTHETARDEC2 RNy — —
CELTA = AMAY1( (X7 = YC®*COSKTH/SINRTH), 0,9)

te 4 o
B "B D A B W G B - " 4

1T = IMT(DFLTA/OFL)

s
L1 = =L G
el )T ¢ 3 = !
TT(2) = YN 7/ SINRTH TTIT() = YO 7/ SINRPTH
= 3 It — - ™™
SS(1) = YO0 /7 SINPTH 2SS(2) = YN / SINRTH

RECIN THETA LCOF

#bn 3

2C CCNTTNUE

{

TF (JSW .ED. 1) STOF

e e AR PAEESRAR
TrE Ve & VT"T"U UTHCWRRU
CCSTH = COS(THETA)
SINTH—=STNCTHFTAY

NkH = (C.C, 0.7)

A Amre 4 W"l!f
20 NKH = OF(M) ®CEXC(CMPLX(0, C"CF"LOQT(Z'N’ )% (1.0=-COSTHE) ) ) + QK§
A= EPS =)+ O F A

0K = [(,57*NKH + N, E5*0KY
AP+ = KPS INTHPCOSPHT + FTC2xt—=C1

MLFIAZ = K*SINTH®*COSFFI - RTC2X0 - C1
PEHt NI IHTFHES TN T SN2y 2
BETA2 = K®*SINTH®SINFHI = "T02Y0 - €2
ATy =2 Fie
NZ = =AN2
Ht——=—tS byt 0=t 0500
IF(ITYFE €N. 2) GO TO 3¢
ol L] .

1 COS(0.ESALEHA1®DEL) )
1 FOS(0,E*ALPHA2NEL) )
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€1 = CMPLX(S1, 0.0) %C2 = CMPLX(S2, 0.0)
Re—to—3#

c

€ ———REGIN- N2 LO0P

c

AP T EEXPEMPL Iy ALPHASHARE) ) ————
N2 = N2 + 1
-t tF NP —RO—F €35

¢

B e S

e

3 FEF ML STNERFTAL S 0) 7R E A+ SINCBETAR Y)Y 7PETAS ——— ——
GFH = (CL*SIN(HD*ALFHA1) /A! THAL + N2%SIN(HD®ALPHA2)/ALFHA2) *

+—FERMAL = AKH —

PG = (SIN(ALPHA1%X(C) /ALPH"1 + SINCALPHA2*X()/ALPHA2) * TERM1
FHC1 = ALFHAL*SINETH + FETA1¥CCSRTH

e FAMMAE = ALPHALRSINATH — FETAPREOSRT——
PHCZ = ALPHA1*SINFTH + 'ETA2*COSRTH
————GAMMAZ = ALPHARSGINRTH — SETALALASRTH
PRCZ = ALFHA2*SINRTH + £TA1*COSRTH

RFC4 = ALFHA2*SINFTH + "ETAZ¥COSRTH

X11 = -ALFHA1%COSRTH + “STA1%SINPTH e
X1z = -ALPHAL*CCSRTH + " CTAP*SINRTH

11 = -ALPHA2*COSFTH + “CTAL®STNFTH

XT6 = -ALFMA2®CCSRTH + ~ETA2®SINPTH o
0FM = (Ca0y 0.0

Oty

AEs

S NS E-OATMN—
YU AW = FTLUVHAVINNY T

IF(ITYFE (F%. 2) XN = H * STN(YN/H)
-ttt NNttt T ¢
IF(N +GF, L2 .« AND, M oLT. L3) GO TC 60
. . L] . . L] L]
50 J = 1
RN O
UU(1) = =TT(1)
¢
E0 J = 2 |
el T = —— — - !
W J = 3 '
Mt YT AR 7 TOSRTH - e
SS(2) = =WW(3) |
— O =AUt 0 A XNy |
NEZ = CEXP( CMPLX(0sCy ALFHIA*XN) )
B e S B ——
T 2 T
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U = uuw)
e o o ) R e e
OFS =(CMPLX (1, 3.(SIN(PD'CBHPAI)/(GANPA!'LAPBCBI)))'CF(LAHBOﬂl.T,Nb
T T IATFRLXUT.. D, (SINTHD*GAFMAZ2Y 7IGANFAZ*(AVRTAZ YY) *OF (LAFECBEZ,T,W) ) *UF]
Z4+(CFFLY (3,0, (STN(HN®GAMMAT) / (CAMMAZ*LAMBOAZ)))*QF(LAMECA3,T,h)

T TP = SR T I CMPU XTI Uy (STN(HT*RAOT) 7TRHTI*XYT 1YY Y *OF IXTI 1,5,
1 CMPLX (0o 0y (STN(HN*RHOZ) / (RHC2* XI2)) )*NF(XI2, Sy L))
T T = GEZ* (N PLX UL, (SINTRC*RAU Y 7TRAC I* XTI ) Y *CF(XTI T, S,00 &
3 CMPLYX (0 W0y (SIN(HT¥*RHOL) /(RHCU*XTG))I*QF (XTLyS,yU) ) 4QF W
R i G R
IF(N .LE. NY) GO TO 40t
= % P R S TR AR I A —
£ FAF CF M LCOP?
> s A
QFF = TMPLY(N,5, N,F) * CK * NPP
GrY = UPFLEFTUUe™9 Tel) T UGN ¥ UMW
TERMZ = 1,0 - (SINTHE®SINFHI)®**>
IFTTERMZ LT 1.0E=¢c0) TERFMZ = T.0E=20
PV = TFRM2 * Pns»2
By = I Y ALOGEI e e
PF = TERM2%#CARS( CMPLX(PD, De0) + CEXP( CMFLX(0.,0y K®H®*COSTH) )*
=% TP % OPM ¥ URP) T T2
FR = 10,0 * ALOG10( PP )

PRINT €10, TRETAD, PV, PR
THETAD = THETAD + DELTHS
= I CIRETRD  SCe s YRETAUY S0t 20 = =

a |

EWND UF  TRCTRLUUF

B0 FCR M AT (IR TIS, AHPH Y = S FE 27 THO; TS SHTHETATIZX 3 2RPV S TEX; 2RPR 7YY
610 FO:VIT(FiO 3,1P2518,7)

bt 2 e 2
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MISSION
of
Rome Air Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and cosmunications
(c3) activities, and in the C? areas of information sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology.,
ionospheric propagation, solid state sciences, microwave

physics and electronic reliability, maintainabilicy and
compatibility.
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