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ABSTRACT In this paper, we numerically study a curved frequency selective surface (FSS) radome, which
encloses a waveguide slot array antenna operating at 10GHz, using the ray tracing technique and flat model.
The transmission loss (TL) and boresight error (BSE) are calculated for various degrees of freedom, such as
elevation and azimuth angular scanning or gimbal systems of array antennas to examine the electromagnetic
properties of the curved FSS radome. Our calculations of radiation patterns, TL, and BSE for a multi-
layered dielectric radome are compared with those of a commercial EM solver for validation. Importantly,
we quantify phase distortions, incurred by the curved FSS radome, using the insertion phase delay (IPD) of
transmitted fields on the radome surface. Thereby, we demonstrate that the BSEs strongly depend on (1) the
spatial distribution of phase distortions on the radome surface and (2) their average level. The present method
is highly suited for analyzing radomes with arbitrary surface patterns inserted.

INDEX TERMS Frequency selective surface (FSS), FSS radome, insertion phase delay (IPD), phase
distortion, boresight error (BSE), ray tracing technique.

I. INTRODUCTION
An airborne radome protects an enclosed antenna against
adverse external environments, primarily looking streamlined
to meet the aerodynamic requirements [1]. But it may signif-
icantly alter the original specification of the antenna’s radia-
tion: transmission loss (TL) and insertion phase delay (IPD)
are caused when electromagnetic (EM) waves passing
through the radome wall [1], [2], and phase distortions are
incurred by IPDs, leading to boresight error (BSE) along
with the asymmetric radome geometry. These may degrade
the system performance of airborne radars, such as target
detection probability and radar cross section (RCS) [1], [2].
Therefore, rigorous EM analyses of radomes should precede
the design of airborne radar systems.

There have been various numerical or experimental works
to study the EM properties of radome-enclosed antenna sys-
tems. For example, homogenous [3] and inhomogeneous [4]
planar and tangent-ogive [5]–[8] and Von Karman [9]–[11]
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dielectric radomes were investigated. Optimization methods
were utilized for enhanced dielectric radomes [12]–[18].
Homogeneous radomes were designed based on local uni-
form thickness [12] and various thickness radome (VTR)
[13]–[16], and their BSEs were optimized by analyzing the
incident angle variation characteristics for different radome
areas. Furthermore, inhomogeneous media, providing a good
impedance match, were used [15]–[18] to improve the BSE
performance.

Naïve dielectric radomes usually have greater RCS due to
the broadband response to transmission and reflection charac-
teristics. Instead, a curved frequency selective surface (FSS),
offering the tunability of the bandpass or bandstop func-
tions over a relatively wider bandwidth, can be inserted into
radomes to reduce RCS and obtain the stealth performance.
Various configurations of FSS radome-enclosed antennas
were examined [19]–[29]. For instance, the transmission
characteristics of FSS radomes were analyzed by using pole
residue matching [19] and ray tracing technique [20]–[22],
a hemispherical reconfigurable FSS radome with water chan-
nels was studied [23], and the IPD characteristics of planar

VOLUME 9, 2021 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 95843

https://orcid.org/0000-0002-4811-4969
https://orcid.org/0000-0003-1920-9122
https://orcid.org/0000-0002-7095-4614
https://orcid.org/0000-0003-1287-7697


H. Shin et al.: Analysis of TL and BSE of Curved FSS Radome-Enclosed Antenna

FSS radomes were intensively discussed in [24]–[28]. How-
ever, previous studies only focused on analyzing the trans-
mission and IPD properties, not BSEs. Although more recent
works evaluated TL and BSE of curved FSS radomes [29],
the phase distortion effects on BSE have not been investigated
yet.

FIGURE 1. Problem geometry. (a) 3-D view. (b) 2-D cross section.

This paper numerically studies the EM characteristics of
a curved FSS (hash-shaped slot FSS unit cells) embedded
in the tangent-ogive radome, which encloses a waveguide
slot array antenna (see Fig. 1). Based on the ray tracing
technique and flat model [8], we calculate TL and BSE of the
curved FSS radome for various degrees of freedom, includ-
ing elevation/azimuth angular scanning and gimbal systems
of the antenna. Using a commercial EM solver (ANSYS
HFSS [30]), we extract the reflection and transmission coef-
ficients and IPD of the FSS layer at a given incident angle
for parallel and perpendicular polarizations. Our calculations
of radiation patterns, TL, and BSE for a multi-layered dielec-
tric radome are compared with those of a commercial EM
solver [31] for validation. Importantly, we quantify phase dis-
tortions, incurred by the curved FSS radome, by computing
the IPD of transmitted fields on the radome surface. Thereby,
we demonstrate that the BSEs strongly depend on (1) the
spatial distribution of phase distortions on the radome surface
and (2) their average level.

II. ANALYSIS PROCEDURE
A. FAR-FIELD CALCULATION OF FSS RADOME-ENCLOSED
ANTENNA SYSTEM
Fig. 1 depicts the problem geometry illustrating a tangent-
ogive FSS radome encloses a waveguide slot array antenna.
The base diameter and height of the radome are 800 mm
and 1060 mm, respectively, and the radome is equipped with
a metallic tip, which can be regarded as a perfect electric
conductor (PEC) in the microwave regime. Here, we con-
sider the same waveguide slot array antenna (112 radiating
elements) used in [8]. The antenna is fixed to a gimbal
system to facilitate the scanning purpose, separated from the
radome base by dg = 200 mm. Thus, an arbitrary point on
the antenna surface should be transformed into the radome
coordinate system for an arbitrary gimbal angular rotation.

The transformation relates gimbal rotations to the standard
two-axis antenna azimuth (Az) and elevation (El) gimbal
rotations [1], given by x

y
z

 =
 cosAz 0 sinAz
− sinEl sinAz cosEl sinEl cosAz
− cosEl sinAz − sinEl cosElcosAz


×

 xl
yl
zl

+
 0

0
dg

 (1)

It is assumed that the gimbal system has no rotational
offsets, viz, the El over Az (El/Az) antenna gimbal case.
Note that El and Az represent the gimbal rotations in the
y−z and x − z planes, respectively (see Fig. 1 (a)). The
reference Cartesian coordinate system is at the center of
the radome base. We define (xl, yl, zl) and (xnl , y

n
l , z

n
l ) as the

local coordinate system at the center of the antenna surface
and the location of the nth radiating slot on the planar array
antenna (marked by A in Fig. 1 (b)), respectively, as depicted
in Fig. 1 (b).

To evaluate the EM performance of the FSS radome-
enclosed antenna system, we use the ray tracing technique
and the flat model proposed in [8]. In the high-frequency
regime, the curved radome can be looked locally flat based
on the tangent plane approximation (it is valid when the
wavelength is short since phase matching happens locally,
and the law of reflection, transmission, and Snell’s law are
satisfied approximately.). Note that ‘‘flat model’’ refers to a
flat multi-layer radome with the same structure as an original
curved radome. This method uses a look-up table including
the pre-computed reflection and transmission coefficients of
the flat model, significantly reducing costly computational
loads of the full-wave analyses with relatively higher accu-
racy. Therefore, the present method is highly suitable for
the EM analysis of a multi-layer radome with an embedded
curved FSS layer.

We model radiating elements of the array antenna by point
sources located at the center of each slot. Note that the
tangential electric field on each slot is supposed to have
a yl-component (Eyl ) in the local coordinate system. The
equivalent magnetic currents, obtained from the use of sur-
face equivalence theorem [32], generate the rays propagating
toward the FSS radome wall. Then, the intersection points
of the rays and the radome surface are determined, and
the reflected and transmitted waves are calculated. If the
intersection point is placed on the metal tip, there are only
reflected waves phase reversed; otherwise, the reflected and
transmitted waves are calculated using the pre-computed
reflection and transmission coefficients of the flat model. The
reflected wave is traced using the ray tracing technique until
the transmitted wave reaches the outermost radome surface.
Finally, the Huygens’s principle is applied to the EM fields
on the outermost radome surface to obtain equivalent electric
and magnetic surface currents that produce the radiated fields
in the far-field regions.
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B. PHASE DISTORTION COMPUATION OF FLAT MODEL
AND CURVED RADOME
The transmission coefficients of the perpendicular and paral-
lel polarizations of the flat model are complex-valued (mag-
nitude and phase angle). The phase angle includes a phase
shift introduced by the insertion of the radome wall into the
propagation path. Such phase shift is known as the IPD,which
can be obtained by compensating the free space phase shift
from the phase angle of the transmission coefficient [33] in
the presence of the FSS radome, given by

IPD⊥/‖ = 6 T⊥/‖ −
2π
λ0
t cos θi (2)

where t is the thickness of the radome wall and θi is the
incident angle. Note that ⊥ and ‖ denote the perpendicular
and parallel polarizations, respectively. The phase distortion,
which represents the degree of distortions in the transmitted
wavefront, is caused by IPD, leading to BSE.We first analyze
the effects of the phase distortion of the flat model on the
BSE. Since the EM refraction does not occur at the normal
incidence to the radome wall, the phase distortion for a given
incident angle θi can be defined by [3]

ψd
⊥/‖ = IPDθi

⊥/‖ − IPD
0
◦

⊥/‖ (3)

where ψd
⊥
and ψd

‖
are the phase distortions of perpendicu-

lar and parallel polarizations of the flat model, respectively.
In general, the phase distortion gets larger with the increase
of the incident angle, and the BSE is directly proportional
to the largest phase distortion. Since above ψd

⊥
and ψd

‖
are

of the flat model, we should take into account the radome
curvature shape to evaluate the actual phase distortion effects
on the BSE. It can be calculated from the phase of transmitted
electric fields. At an arbitrary point on the radome surface,
the transmitted electric field can be expressed by

EE t =
N∑
n=1

EE in,⊥Tn,⊥ + EE
i
n,‖Tn,‖ (4)

where EE in,⊥ and EE in,‖ are the perpendicular and parallel com-
ponents of electric fields radiated from a nth slot antenna,
respectively, and Tn,⊥ and Tn,‖ are transmission coefficients
of the perpendicular and parallel polarizations, respectively.
Rewriting (3) in the Cartesian coordinate system by

EE t = E txe
jφtx âx + E tye

jφty ây + E tze
jφtz âz (5)

where the phase terms of the transmitted electric field can be
transformed via (1), one can derive

IPDr,c = φtc − φ
0
c (6)

where IPDr,c (c = x,y, and z) is the IPD of the curved
radome and φ0c is the phase of transmitted electric fields
in the absence of the radome (i.e., free space). Similar
to (2), the phase distortion of the curved radome can be
calculated via

ψd
r,c = IPDr,c − IPD0

◦

⊥or‖ (7)

In the following section, we study the relation betweenψd
r,c

(c = x, y, and z) and BSE observing its spatial distribution
over the curved radome surface and average level for the El
and Az scanning.

FIGURE 2. Geometry of the FSS radome structure. (a) Perspective view.
(b) Hash-shaped slot FSS unit cell.

III. NUMERICAL RESULTS
A. EM CHARACTERISTICS OF FSS RADOME
The tangent ogive FSS radome was analyzed around the
center frequency of 10 GHz. We utilized the conventional
hash-shape, one of the well-known FSS unit cell patterns,
following the typical design procedure [33], [34]. As illus-
trated in Fig. 2, the FSS radome consists of seven layers: the
innermost and outermost layers are E-glass/epoxy (skin), sec-
ond and sixth layers are foam, third and fourth layers are
adhesive films, and a FSS layer (hash-shaped slot unit cells)
is sandwiched by the films. The dielectric properties for all
layers and design parameters are given in Table 1 and 2,
respectively. We also consider the dielectric radome without
the FSS layer for validation and performance comparison.

TABLE 1. Dielectric properties of FSS radome.

TABLE 2. Design parameters of FSS unit cell with hash-shaped slot.

Before studying the TL and the BSE of the curved FSS
radome, we first study the reflection and transmission behav-
iors of the FSS flat model. We extract the reflection and
transmission coefficients at a given incident angle for both
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FIGURE 3. Transmission characteristic of the FSS flat model.

FIGURE 4. Transmission coefficients of the FSS and dielectric flat models.

polarizations using the ANSYSHFSS. As the maximum inci-
dent angle for the employed radomewas 57.6◦, the simulation
was conducted the scanning over the incident angle range
[0◦, 60◦]. Fig. 3 shows the transmission characteristics of the
FSS flat model versus frequency. The FSS flat model has
a passband characteristic in the X-band. Figs. 4 illustrates
the transmission coefficients of the FSS and dielectric flat
models. The transmission coefficients of the FSS flat model,
ranging from 0.88 to 0.93, are smaller than those of the
dielectric flat model due to the higher loss of the FSS layer.
This is because of the ohmic loss in addition to the dielectric
loss. More specifically, the FSS layer can be represented by a
shunt complex admittance in the equivalent transmission line
model; hence, the ohmic loss occurs owing to the real part of
the admittance [33], [34]. Moreover, the transmission coeffi-
cients of the perpendicular polarization for both cases rapidly
decrease in the incident angle range [40◦, 60◦], whereas those
of the parallel polarization do not change significantly. This
can increase the TL at gimbal angles including the incident
angle range [40◦, 60◦] due to the transmission coefficients of
the perpendicular polarization.

Before analyzing the FSS radome, we consider the dielec-
tric radome without the FSS layer to validate our method.
Figs 5 and 6 show three dimensional radiation patterns cal-
culated by our method and microwave studio (MWS) of
CST [31] at the gimbal angles of 10◦, 20◦, and 30◦ for the
El and Az scanning, respectively. There is an excellent agree-
ment in the results of two methods. In addition, we compared
normalized radiation pattern, TL, and BSE of the dielectric

FIGURE 5. Three dimensional normalized radiation patterns of the
dielectric radome-enclosed antenna system for El scanning. (a) our
method at 10◦. (b) MWS of CST at 10◦. (c) our method at 20◦. (d) MWS of
CST at 20◦. (e) our method at 30◦. (f) MWS of CST at 30◦.

TABLE 3. TL and BSE of the multi-layer dielectric radome.

radome with those of MWS of CST in Fig. 7, Table 3,
respectively. There is an excellent agreement between the
results obtained by two methods.

Now, we consider the FSS radome. Note that we assumed
that the gimbal angle range was in [0◦, 60◦] for the El
and Az scanning. The TL and the BSE of the FSS radome
were calculated by using the reflection and the transmission
characteristics of the flat model in Fig. 4. The TL of the
FSS radome is shown in Fig. 8, compared with those of
the dielectric radome. Since the FSS and dielectric radomes
are equipped with a metal tip, they have quite larger TLs at
smaller gimbal angles (toward the direction of the metallic
tip). In addition, as the transmission coefficients of the per-
pendicular polarization at higher incident angles are relatively
lower than those of lower incident angles, the TL increases
at the smaller gimbal angles. The TL of the two radomes
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FIGURE 6. Three dimensional normalized radiation patterns of the
dielectric radome-enclosed antenna system for Az scanning. (a) our
method at 10◦. (b) MWS of CST at 10◦. (c) our method at 20◦. (d) MWS of
CST at 20◦. (e) our method at 30◦. (f) MWS of CST at 30◦.

also depends on the gimbal angle and direction. It can be
observed in both radomes that, in the gimbal angle range
[0◦, 20◦], TLs for the El scanning are smaller than those for
the Az scanning, and they are getting closer gradually with
the increase of the gimbal angle. In addition, the TL of the
FSS radome is smaller than those of the dielectric radome.
From these results, we can deduce that the TL has a similar
tendency with the transmission coefficients at incident angles
corresponding to each gimbal angle.

Fig. 9 shows the BSE of the FSS and dielectric radomes.
The BSE also depends on the gimbal angle and direction.
For the El scanning, the two radomes have relatively large
BSE at the gimbal angle range [0◦, 20◦], where the BSE of the
FSS radome is smaller than that of the dielectric radome.With
the increase of the gimbal angles, BSEs for both cases quickly
decrease, converging to 0 mrad with small fluctuations. The
FSS and dielectric radomes have the maximum BSE at the
gimbal angle of 5◦, which are -5.585 and -6.807mrad, respec-
tively. For the Az scanning, The BSE of the FSS radome is
smaller than that of the dielectric radome. The two radomes
have very large BSE at the gimbal angles of 0◦ to 20◦,
while having very small BSE at gimbal angles greater than
about 20◦. The maximum BSE of the FSS and dielectric
radomes is 4.014 and 5.411 mrad at the gimbal angle of 11◦,
respectively. We confirmed that the TL of the FSS radome
was larger than that of the dielectric radome due to the loss
of the FSS layer, whereas its BSE was generally smaller.

FIGURE 7. Normalized radiation patterns of the dielectric
radome-enclosed antenna system. (a) El scanning. (b) Az scanning.

FIGURE 8. TL of the FSS and dielectric radomes for El and Az scanning.

B. PHASE DISTORTION AND BORESIGHT ERROR
Radome area illuminated by the radiated beam of the antenna
directly affects the EM performance of curved radomes.
Thus, we study the average power density on the radome
surface. Fig. 10 depicts distributions of the average power
density within the radome surface projected by the antenna
aperture at the El gimbal angles of 0◦, 10◦, 20◦, and 30◦.
To facilitate the comparison of them for the scanning,
the local coordinate system defined in Section II.A was used.
Since the EM wave cannot be transmitted through the metal
tip, the metal tip part is not plotted (see Figs. 10 (a) and (b)).
It is clearly observed that the hot spots of the average power
density are distributed within a radius of about 0.1 m in all
cases. Although other cases for theAz scanning are not shown
in this paper, they also have similar results. It implies that the
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FIGURE 9. BSE of the FSS and dielectric radomes for El and Az scanning.

FIGURE 10. Average power density distribution for El scanning.
(a) 0◦. (b) 10◦. (c) 20◦. (d) 30◦.

radome area within the radius of 0.1 m mainly contributes to
the EM performance of the curved radome; hence, we only
consider the radome area within the radius of 0.1 m to evalu-
ate the EM performance of the curved radome in the follow-
ing numerical calculations. Fig. 11 illustrates the minimum,
maximum, and average incident angles in the radome area
for the El and Az scanning. The incident angles for the El
and Az scanning are the same, but the EM characteristics of
the FSS and dielectric radomes are different depending on
the scanning direction. This means that even if the gimbal
angle is the same, the impact of the perpendicular and parallel
polarizations at the intersection point on the surface of the
radome depends on the scanning direction.

Fig. 12 shows the phase distortion of the FSS and dielec-
tric flat models, which implying that the phase distortion
strongly depends on the polarization and the incident angle.
For the FSS and dielectric models, the phase distortions of the
perpendicular polarization are positive, whereas those of the
parallel polarization are negative. In addition, the magnitude
of the phase distortions of the perpendicular polarization is

FIGURE 11. Maximum, minimum, and average incident angles in radome
area.

FIGURE 12. ψd
⊥

and ψd
‖

of the FSS and dielectric flat models.

relatively smaller than that of the parallel polarization. Note
that the phase distortions of the FSS model are smaller than
those of the dielectric model. As mentioned in Section III.A,
the FSS acts as a shunt admittance in the equivalent trans-
mission line model of the flat model, which can reduce the
phase distortion in combination with the series inductance
representing the dielectrics in the equivalent transmission line
model [33], [34]. Since the BSE tends to be proportional to
the magnitude of the phase distortion in the incident angle
range, the BSE of the FSS radome decreases. This is why the
BSE of the FSS radome is generally smaller than that of the
dielectric radome in Fig. 4. From these results, we confirmed
the effects of the phase distortion of the flat model on the
BSE. However, even if the phase distortion is not 0 rad,
it seems insufficient to explain the relation between the phase
distortion and the BSE when the BSE is close to 0 mrad.

In order to analyze the relation between the ψd
r,c

(c = x, y, and z) and the BSE, the ψd
r,c distributions on

the radome area were analyzed for the El and Az scanning.
The ψd

r,c distributions are plotted using the local coordinate
system, as shown in the results in Fig. 10. As the tangential
electric field on each slot of the enclosed antenna has only the
yl-component, the transmitted electric field EE t has a dominant
component E tyl . Thus, we assumed that only the E tyl affected
the BSE and considered the ψd

r,y in the evaluation. Here the
ψd
r,y distributions of the FSS and dielectric radomes were

calculated at some gimbal angles as examples to investigate
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FIGURE 13. ψd
r ,y distribution at gimbal angle of 0◦. (a) FSS radome.

(b) dielectric radome.

FIGURE 14. ψd
r ,y distribution of the FSS radome for El scanning.

(a) 5◦. (b) 10◦. (c) 20◦. (d) 30◦.

their variation characteristics. All examples are plotted in the
same range in order to facilitate the comparison of them.
The ψd

r,y distributions of the FSS and dielectric radomes at
a gimbal angle of 0◦ are shown in Fig. 13. In addition, at the
El and Az gimbal angles of 5◦, 10◦, 20◦, and 30◦, the ψd

r,y
distributions of the FSS and dielectric radomes are plotted
in Figs. 14, 15, 16, and 17, respectively. It is seen that the two
radomes have a similar distribution, but the FSS radome have
a smaller magnitude of the ψd

r,y than the dielectric radome.
At the gimbal angle of 0◦, the ψd

r,y of the FSS and dielectric
radomes is distributed as two hourglass shapes based on the
xl- (corresponding to blue color) and yl- axes (corresponding
to red color), respectively. The perpendicular polarization is a
dominant component in the hourglass shape based on xl-axis,
whereas the parallel polarization is a dominant component
in the hourglass shape based on yl-axis. In addition, the ψd

r,y
distributions of the two radomes are rotationally symmetric.
The BSE tends to increase with the increase of the phase
distortion, but the BSE of the two radomes is 0 mrad. This
is because the ψd

r,y distributions of the two radomes are
rotationally symmetric. In other words, the BSE is immune
to the ψd

r,y in the rotationally symmetric ψd
r,y distribution,

FIGURE 15. ψd
r ,y distribution of the dielectric radome for El scanning.

(a) 5◦. (b) 10◦. (c) 20◦. (d) 30◦.

FIGURE 16. ψd
r ,y distribution of the FSS radome for Az scanning.

(a) 5◦. (b) 10◦. (c) 20◦. (d) 30◦.

and it is always 0 mrad. In Figs. 14, 15, 16, and 17,
the ψd

r,y distributions of the two radomes show the following
characteristics.

1) For the El scanning, the area mainly affected by the
parallel polarization gradually increases, whereas the
area mainly affected by the perpendicular polarization
gradually increases for the Az scanning.

2) At the El and Az gimbal angles of 5◦ and 10◦, the ψd
r,y

distributions of the two radomes have non-uniform
values corresponding to blue, yellow, red, etc., and are
asymmetrical.

3) At the El and Az gimbal angles of 20◦ and 30◦, theψd
r,y

distributions have a nearly constant value correspond-
ing to either red color or yellow-green color depending
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FIGURE 17. ψd
r ,y distribution of the dielectric radome for Az scanning.

(a) 5◦. (b) 10◦. (c) 20◦. (d) 30◦.

FIGURE 18. Average of ψd
r ,y distribution for El scanning.

FIGURE 19. Average of ψd
r ,y distribution for Az scanning.

on the gimbal direction. Thus, it seems to be close to
the rotationally symmetry.

Figs. 18 and 19 show the average of the ψd
r,y distributions of

the FSS and dielectric radomes for the El and Az scanning,
respectively. It seems that the BSE is proportional to the
average of theψd

r,y distribution at the El and Az gimbal angles
of 5◦ and 10◦. In particular, note the BSE of the two radomes,

TABLE 4. Summary of BSE and ψd
r ,y for El scanning.

TABLE 5. Summary of BSE and ψd
r ,y for Az scanning.

0.2 and -0.7 mrad respectively, at the El gimbal angle of 10◦.
Although theirψd

r,y distributions are asymmetric, their BSE is
very small due to the lower average of theirψd

r,y distributions,
-0.004 and 0 rad, respectively. On the other hand, at the El
and Az gimbal angle of 20◦ and 30◦, the BSE is close to
0 mrad irrespective of the average of the ψd

r,y distribution.
Table 4 and 5 summarize the aforementioned results. From
these results, we can find the relation between the BSE
and the phase distortion of the curved radome. The BSE is
determined by the combination of the ψd

r,y distribution and
its average and has the two characteristics as follows.

1) For the rotationally symmetric ψd
r,y distribution,

the BSE is very small (close to 0 mrad) regardless of
its average.

2) For the asymmetric ψd
r,y distribution, the BSE is pro-

portional to its average.
We confirmed that the effects of the phase distortions of the
flat model and curved radome on the BSE. The maximum
BSE increased with the increase of the phase distortion of
the flat model. The ψd

r,y causes the BSE in combination
with the radome asymmetry. These results can be used to
analyze the FSS radome and improve its EM performance.

IV. CONCLUSION
We have calculated the TL and the BSE of tangent-ogive FSS
radome using the ray tracing technique and the flat model.
In addition, we have analyzed the phase distortions of the
flat model and curved radome to investigate their effects on
the BSE. Our method has been validated comparing the com-
putation results with those of the commercial EM simulator.
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The TL of the FSS radome was larger than those of the
dielectric radome, whereas the its BSEwas generally smaller.
We have confirmed that the BSE of the FSS radome were
smaller than those of the dielectric radome because the phase
distortion of the FSS flat model were smaller than those of the
dielectric flat model in the incident angle range. Moreover,
we have found that the BSE depended on the two character-
istics of the phase distortion of the curved radome: the phase
distortion distribution and its average. For the rotationally
symmetrical phase distortion distribution, the BSE was very
small (close to 0) irrespective of the average of the phase
distortion distribution. On the other hand, for the asymmetri-
cal phase distortion distribution, the BSE increased with the
average of the phase distortion distribution. Our method is
useful to analyze FSS radomes, and these results can be used
to improve the EM performance of FSS radomes such as the
BSE correction.
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