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The Interpanel Gap Scattering Effect in a
Compact Range
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Abstract—In recent years, the compact range has become a popular
measurement tool in the evaluation of microwave antennas. This trend
leads to the use of larger reflectors over larger frequency bands. Those
reflectors can be built to the required accuracies, but they have to be
assembled from many panels which introduce interpanel gaps. The
electromagnetic scattering produced by the gaps affects the uniformity
of the field in the quiet zone of the compact range. An analytical
approach coupled with experi tal determination of a key parameter
has been developed to quantify the effect of the scattering from the
interpanel gaps in a compact range. The results show the significance of
this effect on the copol and x-pol distribution in the quiet zone area.

1. INTRODUCTION

THE uniformity of the field in a compact range quiet zone
area is determined by many factors, like the edge diffraction
from the reflector rim, the stray signals transmitted by the feed
and the surface accuracy of the reflector. All these factors have
been extensively considered in the literature and effective opti-
mization methods have been proposed. This paper will concen-
trate only on the scattering effect of the interpanel gaps, which
will be characterized by equivalent radiating linear magnetic
currents. The analysis requires as a first step to determine the
scattering effect of a single gap and then superimpose the
multiple gap effect. The single gap scattering has been consid-
ered analytically by Kabalan [1], [2], who solved the problem of
the scattered field from an infinite gap illuminated by an incident
transverse electric (TE) or transverse magnetic (TM) polarized
field. The electric field integral equation (EFIE) was formulated
and solved with the method of moments (MM). Miller [3] solved
the same problem but with the geometrical theory of diffraction
(GTD) approach. Recently, Senior [4] considered the scattering
from a filled gap by formulating its integral equation and solving
it by MM.

In the present analysis, we have introduced an experimental
new parameter, the magnetic induced field ratio (MIFR), which
characterizes the complex amplitude of the scattered field in the
gap.

This parameter combined with a priori knowledge of the field
distribution in the gap determines the full scattering characteris-
tics from the gap. This is an alternative approach to the direct
analytical approach suggested by MM and GTD. The advantage
of this quasi-empirical concept is its relative simplicity and its
flexibility to characterize the scattering from any type of gap
without extensive computational effort as required by the other
methods. However, it requires @ priori knowledge of the field
distribution in the gap.

The multiple gap scattering effect in the quiet zone area has
been considered by Black [5] for a parallel gap geometry in a
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parabolic cylinder. This work considers such an effect but for an
offset parabolic reflector and for an arbitrary geometry of gaps.
The result of this analysis is the perturbed copol and x-pol
electric field in the quiet zone area.

II. FORMULATION

Fig. 1 shows the geometry of an offset parabolic refiector fed
by a y-polarized linear feed and the gth gap out of a total of Q
gaps. The focal distance of the paraboloidal reflector is f and
the distance from the aperture to the quiet zone is z,. The feed
is tilted an angle 6, toward the reflector center and its local
coordinates are (x’, y’, z). The global coordinates of the main
reflector are (X, y, ) and its projected diameter on the x-y
plane is D. The local coordinates of the center of the gth gap
are (x”, y”, z”). Its projected length on the main reflector
aperture is /,, its width W, and its inclination with respect to
the x axis is &,.

The first step in the analysis would be to evaluate the unper-
turbed field distribution E,, in the quiet zone area for a main
reflector without gaps. If we follow Chu’s [6] analysis based on
physical optics and assume a symmetric feed with a pattern
e;(6"), one can compute Eup,

e~ Yo
E, = 27 [N1, + M1]

(1

in which ¥, is a constant phase from the antenna aperture to the
quiet zone and M and N are the co-polarization and cross-
polarization components of the field:

M = ¢,(6")[sin 6" cos ¢"sin 8 ~ sin® ¢’(cos ” + cos 6,)
—cos® ¢'(1 + cos §”cos )] (2)
N = ¢;(6) sin ¢/[sin 6"sin 6,
—cos ¢'(1 — cos 6")(1 — cos 6,)]. (3)

The gth gap is illuminated by the feed which can be regarded as
a point source with a pattern e,(8").

The tangential field excited in the gap has two components
parallel and perpendicular to the gap axis. Since the propagation
direction of the incident field is not normal to the gap axis, a
traveling wave is excited in the gap. This wave determines the
peak scattering angle from the gap which coincides with the
angle of the reflected collimated beam from the main reflector.
This assumption enables one to project the gaps on the main
reflector aperture, and their peak scattering direction would be z
directed.

We call the ratio of the actual field excited in the gap to the
tangential incident field in the gap the MIFR. Since the electric
field in the gap has two components parallel and perpendicular to
its axis, we introduce two MIFR’s parallel to the gap axis g
(TM case) and perpendicular g, (TE case). Rusch [8] and

0018-926X/91/0400-0480$01.00 © 1991 IEEE



SHAVIT et al.. INTERPANEL GAP SCATTERING EFFECT

ot cap

MAIN
REFLECTOR

wt

Fig. 1.

481

¥y<

y POLARIZED FEED
(®)

The geometry of the compact range with a gap. (a) Side view.

(b) Front view.

Kennedy [9] derived the induced field ratio (IFR) expression for
cylindrical metal and dielectric beams. We applied the same
concept to magnetic currents and obtained an analytical expres-
sion for the MIFR. In the TE case,

g = Jms(x)dx (4)

" 2Wcos bonH, J s,

in which 6, is the incident angle, W is the gap width, 5 =
Vu/e, k=w\/ue, H, is the incident magnetic field, S,
denotes the integration path across the gap and Jms is the
equivalent magnetic current in the gap.

Similarly, for the TM case:

1

&= 2W cos 0y E, 1

Jms( x)dx (5)

where E, is the incident electric field. Kabalan [1], [2] derived
an approximate analytical expression for the magnetic current
induced in a narrow gap (W < 0.1 \). For the TE case, the
expression is

J
+in|l—| +j=
’ (8) 2

Hyy

. k(W )2)° - X2 ©

in which » = 0.5772 is the natural algorithm of Euler’s constant
and X is the transverse coordinate to the gap axis. A similar
expression exists for the TM case:

kc

;so (=2 + jkxsing) - \/(W/2)’ - x2.
™)

Substitution of (6) and (7) into (4) and (5) gives the MIFR. A
plot of the calculated &) and g, under the above assumptions is
shown in Fig. 3. Based on Kabalan’s [1], [2] analysis we assume
for the scattering analysis from the gaps that the field distribu-
tion excited across the projected gaps is constant for the perpen-

Jms(x) = jE,

dicular component and has a cosinusoidal dependence for the
axial component. This assumption holds well for relatively
narrow gaps (W < M) and is a good approximation (for radiation
calculations) to the approximate analytical results presented in
(6) and (7). By the Schelkunoff equivalence principle, the sur-
face equivalent magnetic current induced in the gap would be

Jgns = *zualln"x[E,e"lx” + E,g”ly” (8)
in which

E%L =g, (—Ef,sind, + Ef ,cos §,) 9)
Tx”

El =g, cosV(Ef’_Xcos 6, + Ef ,sing,).  (10)
q

E7, and E7, are the x and y components of the incident field
from the feed at the center of the gth gap and 1,., 1,., 1. are
unit vectors as shown in Fig. 1. In the derivation of (8), we
made the assumption that the gth gap is projected on to the main
reflector aperture. Such an assumption holds if we look to
radiation angles close to boresight.

Given the equivalent magnetic current of the gth gap, one can
compute its radiated field. Accordingly, the scattered copol
component of the gth gap in the quiet zone plane would be

Jk cos 67

Ecqopol(x9y’ %) = (Eiq.qu'f'Ei‘{qu) (11)

27z,

where

P, =sind,cos 8,(gy I —g,17)

(12)
(13)

Since the quiet zone is closer to the antenna aperture than the
far-field criterion for the radiating gaps, II'\I and 79 are the
Fresnel patterns [7] due to the axial and the transverse compo-
nents of the equivalent magnetic currents induced in the gth
gap. Similarly, one can derive the x-pol component of the gth

£ap,

0, =28 IGI sin? 8, + g, 1% cos? 8g-

Jkcos 6

E;Ipol(x’y’zf) = q(Eﬁqu+Egqu) (14)

27['Zf
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Fig. 2. Typical recorded signal throughout the panels movement with
(—) and without (----) a 5/16-inch wide gap for (a) horizontal and
(b) vertical polarizations at 3 GHz.

where

Ry =gyl cos’ 8, + g,19 sin®5,,. (15)
The single gap analysis can be extended to multiple gap config-
uration by superimposing the scattered fields of the individual
gaps given by (11) and (14) over the unperturbed field given by
(1). The total perturbed field in the quiet zone would be

Q
E = E“p + Zl (Ecqopolly + E,‘(Ipollx). (16)
q=
In the presented approach, it was assumed that the gaps are
sufficiently separated so that at the frequency of interest, the
mutual coupling among the gaps is negligible.

III. NUMERICAL AND EXPERIMENTAL RESULTS

The MIFR was measured in a test set up assembled for this
purpose. A vertical gap was simulated in between two conduc-
tive flat panels. The panels with the gap were mounted on a
positioner track and moved in front of transmitting and receiving
horns. The transmitting horn boresight axis made an angle of
45° with the normal to the panels and was perpendicular to the
gap axis, while the receiving horn was oriented to maximize the
reception at the specular reflection from the panels. The ampli-
tude and phase of the received signal was recorded throughout
the panels movement. No significant change in the recorded
signal was detected for lower incident angles. This result implies
that the MIFR remains constant for low incident angles on the
gaps. In practical reflector applications, the incident angle on the
gap is less than 35°, therefore, the results are pertinent in these
cases. The distance between the horns and the gap fulfilled the
far-field criterion of the horns. Fig. 2 shows a typical signal
recorded for (a) horizontal and (b) vertical polarizations. The

200

3.0
MIFR
MIFR 1190 phage
amplitude (deg)
\ 1180
4170
\Qﬂ 160
ey 1
2.09 ~— 9| phase (Tead)
11so
+140
+
9y phase (1ag) T 130
i ./
1.0 > o
+110
+-100
50| +-30
13
<= 0
0 T T T T T
01 02 05 1 2 .4
WidcosE,
Fig. 3. Computed (——) and measured (- - - -) MIFR for an infinite slot in

a conductive plane versus W /\ - cos 6.

test was conducted at 3 GHz for a gap 5/16-in wide. The
reference signal is the specular reflection from the panels (dashed
line), while the perturbation (fluctuation) is caused by the scat-
tering from the gap (solid line). One can observe that the
perturbation due to a horizontally polarized illuminating field is
more significant than that due to a vertically polarized incident
field. This fact can be explained by the different boundary
conditions in the gap for the two polarizations.

Given the change in amplitude and phase of the recorded
signal from the tested gap, one can compute the MIFR based on
Rusch’s [8] formula,

- jas0
ej45

Moo
Wecosby \ 5 + 0,

(17)

g" L= (10+0‘05A01e+jA¢ _ 1)

where

Aa[dB]  amplitude change due to the tested gap.

A¢[deg] phase change due to the tested gap.

W width of the tested gap.

A wavelength

o distance between the tested gap and the transmit-
ting horn.

70 distance between the tested gap and the receiving
horn

o incident angle on the gap.

Fig. 3 shows a plot of the calculated and measured MIFR
(magnitude and phase) versus W /A - cos 8. One can observe
that | g, | increases, while | )| decreases as the gap width
decreases. This effect can be explained by the fact that for
parallel polarization and relatively narrow gap (W <N no
electric field is induced in gap, while for perpendicular polariza-
tion electric field is induced in the gap due to the discontinuity in
the conductive plane. This is a complementary behavior to that
of a conductive strip IFR [9], which can be explained by
Babinet’s principle. The agreement between the calculated and
measured MIFR is satisfactory for narrow gaps and diverge for
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Fig. 4. Copol amplitude variation with gaps (dB) at 6 GHz.

larger gaps, when (6) and (7) do not hold anymore and a more
accurate expression for the field distribution is necessary. For
large gap width (W > N), the field generated in the gap for both
polarizations approaches zero in the gap center and only the
diffraction effect from the edges determines the gap scattering.
As an example of the technique presented in this paper, we
have considered the gap scattering effect on the quiet zone field
uniformity of a large compact range assembled recently in
Arizona by the cooperation between GTRI (Georgia Technology
Research Institute) and ESSCO (Electronic Space Systems Cor-
poration). The compact range is an offset parabolic reflector with
a projected aperture of 67 ft, focal distance of 150 ft, and quiet
zone distance of 300 ft. The angles 6, and 8, as shown in Fig. 1
are 2.48° and 15°, respectively. The number of gaps considered
was 198, 60 mil wide and with an average length of 10 ft. The
geometry of the gaps is shown in Fig. 4. We have performed the
computations at two typical frequencies, 6 and 30 GHz. From
Fig. 3 we can determine the MIFR’s of the gaps. At 6 GHz we
used g = —0.008 — 229 and g, = —0.74 + j2.42 while at
30 GHz we used gy = —0.06 —j.37and g, = —0.56 + j.67.
Figs. 4 and 5 show the copol computed amplitude variation of
the electric field in the quiet zone plane at 6 and 30 GHz,
respectively. The maximum amplitude variation is shown in the
shaded areas. For both frequencies, the magnitude is approxi-
mately 0.075 dB but the distribution pattern of the shaded areas
is different. At the higher frequency, the total shaded area is
larger than at the lower frequency and more uniformly dis-
tributed across the aperture. The shaded areas are correlated to
the grating lobes of the scattering pattern of the gaps. Since the
grating lobes locations are inversely proportional to the gaps
spacing in wavelength, we would expect more grating lobes
(shaded areas) at the higher frequency as shown in Fig. 5. On
the other hand, at the lower frequency since there are less
grating lobes, their distribution pattern resembles the gaps (pan-
els) geometry as shown in Fig. 4. One can identify almost one
grating lobe per panel. The phase distribution due to the gap
scattering is similar to the amplitude distribution but with a
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Fig. 5. Copol amplitude variation with gaps (dB) at 30 GHz.

magnitude of 0.45°. The phase and amplitude perturbation can
be approximated by an additional equivalent rms surface error to
the actual surface error of the reflector. A phase variation of
0.45° is equivalent to 1.2 mil peak surface error at 6 GHz and
0.25 mil peak at 30 GHz. Based on the current technology, the
peak surface error on outdoor large compact ranges is less than
18 mil, while for indoor compact ranges it is less than 4 mil.
Accordingly, for outdoor applications the effect of the gaps is
insignificant while for indoor applications, filling the gaps should
be considered.

Computation of the x-pol field distribution in the quiet zone
plane shows that the gaps introduce an x-pol scattering level of
approximately —56 dB relative to the peak copol field level,
which is acceptable for most compact range applications.

IV. CoNcLUSION

An analytical approach coupled with experimental determina-
tion of a key parameter has been developed to quantify the effect
of the interpanel gap scattering in a compact range. The results
show the effect of scattering on the copol and x-pol field
distribution in the quiet zone area. The effect of the gap scatter-
ing can be regarded as an additional root mean square error on
the antenna surface accuracy.
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