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ABSTRACT In this paper, we propose a wrapped rib mesh reflector antenna with spring hinges and column
stoppers for a high precision reflector surface. To achieve a high precision surface, twelve spring hinges and
column stoppers are employed on the center hub, and curved ribs are connected to each spring hinge. The
curved ribs are designed based on the parabola equation and are made of Carbon Fiber Reinforced Plastic
(CFRP), which has both high elasticity and flexibility, enabling the ribs to be wrapped into a compact circular
shape around the center hub. A conducting mesh with high reflectivity is attached to the upper surface of
the deployable structure. In this configuration, the mesh can form a parabolic shape consistent with the
parabola equation used in the design of the curved ribs. Therefore, the proposed mesh reflector can form a
high precision reflector surface. Moreover, when the reflector is stowed in the rocket payload, the diameter
of the reflector is reduced from 1.5 m to 0.2 m, and the height is maintained at 0.26 m. This means that the
fabricated model has a deployment volume of 0.585 m? (1.5 m x 1.5 m x 0.26 m) and a stowed volume of
0.0104 m? (0.2 m x 0.2 m x 0.26 m), thus achieving a volume-reduction efficiency of 98.22%. To verify the
electrical characteristics of the proposed antenna, the bore-sight gain of the proposed antenna is measured
in the far-field environment. The measured average bore-sight gain and aperture efficiency from 2 GHz to
6 GHz are 27.4 dBi and 18.1%, respectively, which agrees well with the simulated results of 26.7 dBi and
14.4%. These results show a 4.4 dB decrease compared to the average bore-sight gain (31.8 dBi) when using
a gold-coated molybdenum mesh with 97% reflectivity.

INDEX TERMS Reflector antennas, mesh antennas, deployable antennas, satellite antennas.

I. INTRODUCTION

Recently, wide-area communication systems have been uti-
lized to support communication across diverse environments,
including urban areas, mountainous regions, oceans, and
polar regions [1], [2], [3]. In conventional communication
systems, base-station antennas are typically used for wide-
area communication [4], [5], [6]. However, base-station
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antennas have limitations in Line-Of-Sight (LOS) due to
terrain and obstacles, which can restrict communication cov-
erage [7]. To overcome LOS limitations, research on satellite
communication systems has been actively conducted [8], [9],
[10]. These satellite systems typically operate at altitudes
ranging from 200 km to 36,000 km above the Earth’s sur-
face [11]. Therefore, satellite systems should transmit and
receive data over long distances from Earth. To achieve
the received power requirements at high altitudes, high-gain
antennas are necessary for satellite systems. Phased array
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antennas [12] and large-diameter reflector antennas [13] are
generally used as communication antennas for this purpose.
As is well known, increasing the aperture size of phased
array antennas and reflector antennas results in a higher
gain. As the aperture size of the phased array antennas
increases, the size and weight of a Transmit/Receive Module
(TRM) also increase. Consequently, it becomes unsuitable
for stowing in a rocket payload due to volume and weight
limitations [14]. On the other hand, reflector antennas have a
simple design consisting of a parabolic reflector and feeder
antennas. Moreover, they can achieve high-gain simply by
increasing the reflector diameter without additional compo-
nents. As the diameter of the reflector increases, its volume
and weight also increase, which limits any further expansion
of the reflector diameter. Therefore, to stow a large-diameter
reflector within the limited payload space, it is necessary to
develop methods for reducing its weight and stowed volume.
To solve this issue, research has been conducted on deploy-
able mesh reflectors, which feature lightweight properties
and reduced stowed volume [15]. Deployable mesh reflec-
tor antennas have been designed with various deployment
mechanisms, such as folded rib mesh reflectors [16], [17],
[18], truss structure mesh reflectors [19], [20], and inflat-
able mesh reflectors [21]. These reflector antennas have the
advantage of reducing the stowed volume; however, each
type also has its disadvantages. For example, the folded rib
mesh reflectors increase the height of the stowed shape, while
the truss structure mesh reflectors involve complex mechan-
ical configurations, and the inflatable mesh reflectors may
form an inaccurate parabolic surface due to external shocks
and thermal effects. To address these problems, research
of wrapped rib mesh reflector antennas, which can achieve
high volume-reduction efficiency through a simple mechan-
ical configuration, has been conducted [22], [23]. In these
wrapped rib reflector antennas, ribs are arranged tangentially
to the center hub, then the mesh reflector cannot form the
precise parabolic surface using a simple parabola equation.
Thus, to form the precise parabolic surface in the wrapped
rib mesh reflector, the equation that considers a center hub’s
diameter, number of ribs, and interval between each rib
should be applied to the curved ribs, making the design
process of the reflector more complex. Moreover, when the
deployed ribs are over-rotated, a surface deformation occurs,
leading to electrical performance degradation. Therefore, the
mechanical configuration, which can adjust and constrain the
direction of deployed ribs, is required for the wrapped rib
mesh reflector design.

In this paper, we propose a wrapped rib mesh reflector
antenna with spring hinges and column stoppers for a high
precision reflector surface. To achieve a high precision sur-
face, twelve spring hinges and column stoppers are employed
on the center hub, and curved ribs are connected to each
spring hinge. The curved ribs are designed based on the
parabola equation and are made of Carbon Fiber Reinforced
Plastic (CFRP), which has light weight, high elasticity, and
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flexibility [24], enabling the ribs to be wrapped into a com-
pact circular shape around the center hub. As a result, the
reflector achieves high volume-reduction efficiency through a
light and simple mechanical configuration, making it suitable
for stowing in a rocket payload. For a lightweight and com-
pact stowed volume, a conducting mesh with high reflectivity
is attached to the upper surface of the deployable structure.
When the satellite reaches its operating altitude, the wrapped
ribs automatically deploy due to the elasticity of the CFRP
and the spring hinges, resulting in the attached mesh reform-
ing into a parabolic shape. During deployment, the ribs are
constrained by the column stopper, arranging them perpen-
dicular to the center hub. This deployment structure differs
from conventional wrapped rib reflectors, in which the ribs
are arranged tangentially to the center hub. In conventional
structures, forming the precision reflector surface is more
challenging because their curvature does not conform to the
parabola equation. In contrast, due to the spring hinges and
column stoppers, the mesh of the proposed antenna can form
a parabolic shape consistent with the parabola equation used
in the design of the curved ribs. Therefore, the proposed mesh
reflector has a high precision reflector surface. The proposed
reflector is optimized using the CST Studio Suite full EM
simulator [25], and it is fabricated to verify its mechanical
properties and electrical performance. This fabricated model
has a deployment volume of 0.585 m*(1.5 m x 1.5 m x
0.26 m) and a stowed volume of 0.0104 m3(0.2 m x 0.2 m x
0.26 m), meaning it achieves a volume-reduction efficiency
of 98.22%. The average measurement bore-sight gain is
27.4 dBi from 2 GHz to 6 GHz, with an average aperture
efficiency of 18.1%, which agrees well with the simulation
results.

Il. DESIGN OF THE WRAPPED RIB MESH REFLECTOR
ANTENNA

A. DESIGN OF THE PROPOSED ANTENNA

Figure 1 illustrates the geometry of the proposed wrapped
rib mesh reflector antenna with spring hinges and column
stoppers for a high precision reflector surface. As shown in
Figure 1(a), the proposed mesh reflector is assembled from
multiple curved ribs (&V,), conducting mesh, and a center
hub. For high-gain characteristics, the proposed antenna is
designed with the deployed diameter (D) of 1.5 m. Consid-
ering both stowed volume and feeder distance, the proposed
reflector’s focal ratio (F/D) and height (/1) are determined
to be 0.5 and 0.26 m, respectively. To achieve a high preci-
sion surface, twelve spring hinges and column stoppers are
employed on the center hub, and curved ribs are connected
to each spring hinge. The curved ribs are designed based
on the parabola equation and are made of CFRP, which has
both high elasticity and flexibility. As a result, the CFRP ribs
can be wrapped and returned to their original shape. Using
this characteristic, each rib can be wrapped around the center
hub when the reflector is stowed in the rocket payload and
returned to its deployed shape at the operating altitude. For
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FIGURE 1. Geometry of the proposed antenna element. (a) Isometric view
of the deployed shape. (b) Side view of the deployed shape. (c) Side view
of stowed shape.

a lightweight and compact stowed volume, the conducting
mesh with a reflectivity of 97% is applied as the reflector sur-
face. As shown in Figures 1(b) and 1(c), when the reflector is
stowed in the rocket payload, the diameter of the reflector is
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reduced from D to D3, and the height is maintained at Ay,
which is the same as the deployed shape’s height of /1. This
indicates that the proposed antenna achieves a high volume-
reduction efficiency, making it suitable for stowing in a rocket
payload. During deployment, the wrapped ribs automatically
deploy due to the elasticity of the CFRP and spring hinges.
Once deployed, they are constrained by the column stoppers,
arranging them perpendicular to the center hub. In this con-
figuration, the spring hinges and column stoppers enable the
mesh to form a high precision reflector surface. To optimize
the proposed antenna, the proposed antenna is modeled and
analyzed using EM simulator CST. Using this simulator, the
number of ribs (N,) is optimized to be 12 considering both
the mechanical and electrical performance. For maximum
aperture efficiency, the optimum feeder distance (dgeeder) 18
also obtained as 0.725 m in this simulator, in which aperture
efficiency increases to 39.7%. To verify the feasibility of the
proposed antenna, the proposed antenna is fabricated, and the
performance, such as radiation pattern, bore-sight gain, and
aperture efficiency is measured. Moreover, to investigate the
mechanical performance of the proposed antenna, the deploy-
ment test is conducted on the fabricated antenna. During the
deployment test, the stowed diameter (D) and height (h7)
are observed to be 0.2 m and 0.26 m, respectively. Detailed
design parameters are listed in Table 1.

TABLE 1. Design parameters of the proposed antenna.

Parameters Descriptions Values
D Deployed diameter 1.5m
D, Stowed diameter 02m
N, Number of ribs 12
ieeder Feeder distance 0.725 m
h Deployed height 0.26 m
hy Stowed height 0.26 m

Figure 2 illustrates the mechanical components of the
proposed wrapped rib mesh reflector antenna. As shown in
Figure 2(a), the curved CFRP ribs are designed based on
a parabola equation. To reduce the weight of the reflector,
the curved ribs adopt a tapered shape, where the height
of the curved rib gradually decreases from Aot tO figip.
Figure 2(b) shows the top view of the curved rib. Each curved
rib has a length of / and a thickness of ¢, providing the
flexibility needed to enable the ribs to be wrapped into a
compact circular shape and the elasticity required for auto-
matic deployment. Moreover, the CFRP curved ribs have
high thermal durability against thermal effects in satellite
orbit [26], [27]. Figure 2(c) presents the isometric view of
the center hub. The center hub, which is made of lightweight
and durable resin, contains a top hub part, a bottom hub
part, and twelve inner hub parts. Each inner hub part incor-
porates a spring hinge that connects it to the curved rib,
while the bottom hub part has twelve column stoppers that
prevent any over-rotation of the spring hinges. The role of the
column stoppers can be explained more clearly through the
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FIGURE 2. Mechanical components of the proposed antenna. (a) Side
view of the curved rib. (b) Top view of the curved rib. (c) Isometric view of
the center hub. (d) Deployment mechanism of the center hub.

process of a two-stage deployment, as shown in Figure 2(d).
In deployment stage I, the wrapped ribs automatically deploy,
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following the conventional mechanism employed in typical
wrapped rib reflectors. In stage II, the spring hinges rotate
the ribs using the restoring force of the springs. The column
stoppers then constrain the ribs, ensuring they are aligned
perpendicular to the center hub. Thus, the ribs are arranged
tangentially to the center hub, and the mesh can form a
parabolic shape consistent with the parabola equation used in
the design of the curved ribs. Therefore, the proposed mesh
reflector has a high precision reflector surface. The detailed
geometrical parameters of the mechanical components are
listed in Table 2.

TABLE 2. Design parameters of the mechanical component.

Parameters Descriptions Values
hs Height of rib 0.1875m
Dot Height of root 50 cm
hiip Height of tip 30 cm
t Thickness of rib 0.5 mm
i Length of rib 700 mm
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FIGURE 3. Bore-sight gain and aperture efficiency of the proposed
reflector antenna in accordance with N, at 5 GHz.

B. ELETRICAL ANALYSIS OF THE PROPOSED ANTENNA

Since the mesh cannot maintain a specific shape on its own,
the proposed antenna preserves the shape of the reflector
surface by attaching it to the curved rib. The attached mesh
is stretched by the tension exerted by the ribs on both sides,
resulting in a flat mesh surface between each pair of ribs. This
results in a surface deformation relative to the ideal reflector
surface, leading to a degradation in the performance of the
reflector antenna. One approach to reducing surface deforma-
tion is to increase the number of ribs; however, this increases
the reflector’s weight, stowed volume, and mechanical com-
plexity. Therefore, it is important to determine the appropriate
number of ribs (N,) based on design requirements. Figure 3
presents the bore-sight gain and aperture efficiency of the pro-
posed mesh reflector antenna in accordance with N, at 5 GHz.
As N, increases from 4 to 30, the bore-sight gain increases
from 19.2 dBi to 34.4 dBi, while the aperture efficiency
increases from 1.35% to 44.5%. In consideration of both
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TABLE 3. Comparison Table with previous research.

. Mechanical . . Aperture Volume- Mass
Reflector Diameter Bore-sight gain . reduction (mass per
components efficiency .
efficiency volume)
Ribs: 24 31.6 dBi . .
[16] 1.0 m Joints: 48 @ 10 GHz 13.5% 75.7% -
Ribs: 30 42.6 dBi o o
(7 0.5m Joints: 60 @ 35.75 GHz 52.0% 90.4% )
Ribs: 28 o
[18] 6.0 m Joints: 56 - 74.8% -
Ribs: 16 30.6 dBi o N 15 kg
(22] 3.6m Joints: - @ 1.275 GHz 40.0% 93.74% (1.78 kg/m®)
Ribs: 16 o 0.57 kg
(23] 0.5m Joints: - B 96.00% (15.2 kg/m®)
. Ribs: 12 33.9dBi o N 09 kg
This work 1.5m Joints: - @5 GHz 39.7% 98.22% (1.54 kg/m’)
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FIGURE 4. Bore-sight gain and aperture efficiency of the proposed
reflector antenna in accordance with dfeeger at 5 GHz.

electrical and mechanical performance, the proposed antenna
design adopts N, = 12, which results in a bore-sight gain of
32.3 dBi and an aperture efficiency of 35%.

To receive all reflected signals from the parabolic reflector
with the same phase, the phase center of the feeder antenna
should be located at the focal point (F') of the parabolic reflec-
tor [28]. Since the phase center is not located at the feeder’s
aperture, it is necessary to optimize the position of the feeder.
Moreover, when the surface deformation is generated at the
reflector surface, the focal point of the mesh reflector can
shift [29]. Therefore, to maximize the aperture efficiency of
the mesh reflector antenna, it is necessary to adjust dfeeder
considering the phase center of the feeder antenna and the sur-
face deformation of the mesh. Figure 4 shows the bore-sight
gain and aperture efficiency of the proposed mesh reflector
antenna in accordance with dfeeder at 5 GHz. To achieve
maximum aperture efficiency, dfeeder 1S adjusted from 0.6 m
to 0.9 m. When dfeeger is 0.75 m, which is the same value as
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FIGURE 5. 2-D radiation patterns of the proposed antenna and PEC
reflector antenna at 5 GHz.

the focal length F, the bore-sight gain and aperture efficiency
are 32.3 dBi and 35%, respectively. By adjusting dfeeder
to 0.725 m, the bore-sight gain and aperture efficiency are
improved to 33.9 dBi and 39.7%, respectively.

Figure 5 presents the 2-D radiation patterns of the proposed
antenna and a PEC reflector, both of which have a diameter
of 1.5 m. The bore-sight gain of the proposed mesh reflec-
tor antenna is 33.9 dBi at 5 GHz, while the PEC reflector
antenna has a gain of 35.5 dBi, indicating that the proposed
antenna has a slightly lower gain performance. However,
the PEC reflector antenna is unsuitable for limited payload
environments due to its size and weight. In contrast, the
proposed mesh reflector, with its lightweight and compact
stowed shape, is more suitable for rocket payload stowing.

To confirm the feasibility of the proposed mesh reflector
antenna, the number of mechanical components, bore-sight
gain, aperture efficiency, volume-reduction efficiency, and
mass are compared with those from previous studies [16],
[17], [18], [22], [23], as shown in Table 3. In previous studies,
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E.-Y. Yim et al.: Design of a Wrapped Rib Mesh Reflector Antenna With a Precise Parabolic Surface IEEEACCGSS .

Bottom hub Tnner hub
part parts

Column Top hub Spring
stopper part hinge

(@) )

F
1
1
.
.
.
.
.
L

(©)

Curved rib

SUS mesh

Center hub

(e)
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FIGURE 7. Reflection coefficient of the feeder antenna (a) Fabrication.
(b) Reflection coefficient.

a multiple-joint structure has been adopted in the folded
rib design to reduce the stowed volume of the reflector.
In this configuration, the attached mesh is stretched by the
tension exerted by the ribs and joints, creating a split flat
surface between each pair of ribs. Since the split flat sur-
face causes surface deformations, the number of ribs and
joints should be increased to minimize these deformations.
It also increases the reflector’s weight, stowed volume, and
mechanical complexity. In contrast, in our research, each
curved rib is designed based on the parabola equation and
is fabricated from a single piece of CFRP. As a result, there
are no physically discrete parts within the ribs, which reduces
surface deformation. Therefore, the proposed mesh reflec-
tor antenna achieves a high bore-sight gain of 33.9 dBi at
5 GHz and aperture efficiency of 39.7%, even though its
design adopts N, = 12, which is lower than that of other
reflectors. In addition, the rib of the proposed antenna is
made of CFRP, which has high elasticity and flexibility with
lighter than spring steel used in the conventional wrapped
rib mesh reflectors. Thus, the proposed antenna has a high
volume-reduction efficiency of 98.22% using the lighter
mechanical configuration, which has a lower mass per vol-
ume of 1.54 kg/m? than other wrapped rib mesh reflectors.
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FIGURE 8. Reflectivity of the SUS mesh. (a) Measurement setup.
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This indicates that the proposed antenna is more suitable for
stowing in a rocket payload than other wrapped rib mesh
reflector antennas.

Ill. FABRICATION AND MEASUREMENT OF THE
WRAPPED RIB MESH REFLECTOR ANTENNA

A. FABRICATION OF THE PROPOSED ANTENNA
(SCALE-DOWN MODEL)

Figure 6 illustrates photographs of the fabricated antenna to
verify its mechanical properties and electrical performance.
Figure 6(a) shows the fabricated curved CFRP ribs, which
are lightweight, high elasticity, and flexibility. Figure 6(b)
presents individual parts of the center hub, which include
the top hub part, bottom hub part, and twelve inner hub
parts, all of which are made of lightweight and durable resin
using a 3-D printing method. All parts are then sequentially
assembled, and as shown in Figure 6(c). Each spring hinge is
combined with each inner hub part to connect the curved rib
and center hub, and column stoppers are printed in the bottom
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FIGURE 9. Deployment test of the proposed antenna. (a) Simulation setup of deployment. (b) Deployment process in
simulation. (c) Stowed shape. (d) Intermediate shape. (e) Deployed shape.

hub part. Figure 6(d) shows a photograph of a Steel Use
Stainless (SUS) mesh. To verify the feasibility, the proposed
antenna is fabricated using a commercial conduction mesh.
In this fabrication, we employ the SUS mesh (a reflectivity
of 60.8% at 3 GHz) as the reflector surface instead of a
gold-coated molybdenum mesh (a reflectivity of about 97%
at 3 GHz) considering the manufacturing cost. The SUS mesh
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is then attached to the upper surface of the ribs, which enables
it to function as a reflective surface, as shown in Figure 6(e).

For various communication systems, such as remote sens-
ing and weather monitoring (S-band), geostationary satellite
communications and data link transmissions (C-band), the
proposed antenna should have a broadband characteris-
tic [30]. The operating bandwidth of a reflector antenna is

211171



IEEE Access

E.-Y. Yim et al.: Design of a Wrapped Rib Mesh Reflector Antenna With a Precise Parabolic Surface

determined at that of the feeder antenna, then broadband
feeder antenna, such as horn antennas [31], LPDAs [32],
and eleven antennas [33] can be employed to the feeder
antenna of the reflector. Therefore, to achieve broadband
characteristics, the quad-ridge horn antenna is employed to
the feeder antenna of the proposed antenna, as shown in
Figure 7(a). The measured reflection coefficient of the feeder
antenna is lower than —10 dB from 2 GHz to 7 GHz, which
is in good agreement with the simulation results, as shown
in Figure 7(b). This indicates that the proposed antenna has a
broadband characteristic for various communication systems.

Figure 8 shows the reflectivity of the SUS mesh used as
the reflective surface in the fabricated antenna. This reflec-
tivity differs from that of the gold-coated molybdenum mesh
used in the optimization. To compare the electrical charac-
teristics of the proposed antenna between measurement and
simulation, the reflectivity of the SUS mesh is measured
at 3 GHz. A mesh with the same opening per inch (OPI) and
reflectivity at 3 GHz is then modeled in the EM simulator,
and its reflectivity is derived from 2 GHz to 6 GHz. The
electrical characteristics of the proposed antenna are analyzed
by applying this reflectivity to the reflector’s surface in the
simulation.

Figure 9 shows the deployment test of the proposed
antenna. Using the CFRP properties, each rib can be wrapped
around the center hub when the reflector is stowed in the
rocket payload and returned to its deployed shape at the
operating altitude. To verify the feasibility of mechani-
cal characteristic, the deployment process of the proposed
antenna is investigated using a dynamic simulation tool
LS-Dyna [34], as shown in Figure 9(a). When the geomet-
rical parameters (rib’s thickness and height) and material
properties (density, Young’s modulus, and Poisson’s ratio)
are applied to the modeled ribs in LS-Dyna, the ribs can
be wrapped into a compact circular shape and automati-
cally deploy without damage and deformation, as shown in
Figure 9(b). In addition, the deployment test of the proposed
antenna is conducted, as shown in Figures 9(c), 9(d), and 9(e).
Figure 9(c) represents a photograph of the stowed shape,
which has a diameter of 0.2 m and a height of 0.26 m.
When the constraining forces are removed from the stowed
shape, the ribs return to their original shape, as shown in
Figure 9(d). The ribs then are arranged perpendicularly to
the center hub through spring hinges and column stoppers,
as shown in Figure 9(e). The deployed shape has a diameter
of 1.5 m and a height of 0.26 m, which means that the fabri-
cated model has a deployment volume of 0.585 m3(1.5 m x
1.5 m x 0.26 m) and a stowed volume of 0.0104 m>(0.2 m x
0.2 m x 0.26 m), thus achieving a volume-reduction effi-
ciency of 98.22%.

Figure 10 illustrates the measurement setup of the pro-
posed antenna. In the measurement environment on Earth,
the ribs can be bent by gravity, unlike in the zero-gravity
environment at the satellite’s operating altitude. Therefore,
to measure the electrical characteristics of the proposed
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TABLE 4. Mechanical parameters of the curved rib in LS-Dyna.

Parameters Values
Density 1.2 g/em?
Young’s modulus (elasticity) 120 GPa
Poisson’s ratio 0.35

Reflector antenna
with jig

= Stvrofoam jig

e

Feeder antenna
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(a)

Feeder antenna

- B
Styrofoam jig

e

(b)
FIGURE 10. Measurement setup of the proposed antenna. (a) Styrofoam
jig of reflector for zero-gravity. (b) Styrofoam jig of feeder antenna.

antenna, an environment similar to zero-gravity conditions
should be implemented in the measurement setup. To address
this issue, the fabricated mesh reflector is mounted on a
Styrofoam jig (¢, = 1.1, tand = 0.0005) with slots to support
the curved ribs and the center hub, as shown in Figure 10(a).
The feeder antenna is also mounted on the Styrofoam jig,
as shown in Figure 10(b).

Figure 11 presents the measurement setup and 2-D radi-
ation patterns of the proposed antenna in the near-field
environment. To verify the electrical characteristic of the
proposed antenna, the near-field is measured, as shown
in Figure 11(a). In this measurement environment, the
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FIGURE 11. Measurement of the proposed antenna in the near-field environment. (a) Measurement setup. (b) Amplitude distribution of the
near-field. (c) Phase distribution of the near-field. (d) 2-D radiation patterns.

bore-sight direction of the measured antenna is determined as
the point, in which the measured phase distribution is bilat-
eral symmetry in both the vertical and horizontal directions.
A waveguide probe operating at 5 GHz scans over a range
of 2 m x 2 m with a step size of 2.5 cm, and the ampli-
tude and phase distributions of the near-field are measured,
as shown in Figures 11(b) and 11(c). Thus, these measured
near-field results are transformed into radiation patterns using
the Near-Field To Far-Field (NF2FF) transformation [35].
Figure 11(d) shows the 2-D radiation patterns of the pro-
posed antenna, where the solid and dashed lines indicate the
measured and simulated results, respectively. At 5 GHz, the
measured bore-sight gain and HPBW are 28.2 dBi and 3.7°,
which agree well with the simulated results of 28.1 dBi and

VOLUME 13, 2025

4.5°, respectively. Since the SUS mesh is employed as the
proposed mesh reflector antenna instead of the gold-coated
molybdenum mesh, these results show a 5.7 dB decrease
compared to the gain of 33.9 dBi obtained when a gold-coated
molybdenum mesh is used. This reduction closely matches
the reflectivity difference between the SUS mesh and the
gold-coated molybdenum mesh when converted to the dB
scale (—5.8 dB). This indicates that the proposed antenna can
achieve a similar performance to that of the simulation result
(red dotted dashed line) when a high reflectivity conducting
mesh, such as the gold-coated molybdenum mesh, is applied
to the proposed reflector antenna.

Figure 12 shows the measurement setup and results of
the proposed antenna in the far-field environment. In the
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FIGURE 12. Measurement of the proposed antenna in the far-field
environment. (a) Measurement setup. (b) Bore-sight gains.

near-field measurement, bore-sight gains and radiation pat-
terns are derived using the NF2FF transformation. To verify
these results, the bore-sight gains of the proposed antenna
are measured in the far-field environment, as shown in
Figure 12(a). For the far-field condition, the distance between
the proposed antenna and the probe antenna is set to approx-
imately 120 m. In this measurement setup, a signal generator
is connected to the feeder antenna of the proposed antenna to
supply the transmitted power. The probe antenna is placed in
the bore-sight direction of the proposed antenna and is con-
nected to a spectrum analyzer to measure the received power.
The bore-sight gain of the proposed antenna is calculated
using the Friis equation based on the measured transmitted/
received power ratio, as shown in equations (1) and (2).

Greflector = Pr — Pt — Lp —Ls— Gprobe ()
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TABLE 5. Far-field measurement parameters.

Parameters Descriptions (unit)
Ghreflector Bore-sight gain of the reflector antenna (dBi)
Ghprobe Bore-sight gain of the probe antenna (dBi)
P, Transmitted power (dBm)
P, Received power (dBm)
L, System loss (dB)
L, Path loss (dB)

A

where Gprobe refers to the bore-sight gains of the probe horn
antenna, which has a minimum bore-sight gain of 10.23 dBi
over measurement frequency range. The signal generator
supplies transmitted power (P;) of 16 dBm to the feeder
antenna of the proposed antenna, while the spectrum analyzer
connected with the probe horn antenna receives the power
(P,) transmitted by the proposed antenna. Considering the
measurement environment, system loss (L) and path loss (L)
are compensated. The system loss (L), which is presented
over —6 dB at operating frequency, includes losses from vari-
ous components in the measurement setup, such as RF cables,
connectors, the signal generator, and the spectrum analyzer.
The path loss (L) is calculated using the wavelength A
and the measurement distance at the operating frequency
to equation (2). Therefore, various values are applied to
equation (1), and the bore-sight gain of the proposed antenna
(Greflector) 18 calculated. Figure 12(b) shows the bore-sight
gain of the proposed antenna, where the solid and dashed lines
indicate the measured and simulated results, respectively.
From 2 GHz to 6 GHz, the measured average bore-sight gain
and aperture efficiency are 27.4 dBi and 18.1%, respectively,
which agrees well with the simulated results of 26.7 dBi and
14.4%. Since the SUS mesh is employed to the proposed
mesh reflector antenna instead of the gold-coated molybde-
num mesh, these results indicate a 4.4 dB decrease compared
to the average bore-sight gain of 31.8 dBi obtained when
a gold-coated molybdenum mesh is used. This reduction
closely matches the average reflectivity difference between
the SUS mesh and the gold-coated molybdenum mesh when
converted to the dB scale (—5.1 dB). This indicates that the
proposed antenna can achieve similar performance to the
simulation result (red dotted dashed line) when high reflec-
tivity conducting mesh, such as the gold-coated molybdenum
mesh, is applied to the fabrication.

IV. CONCLUSION

In this paper, we proposed a wrapped rib mesh reflec-
tor antenna with spring hinges and column stoppers for a
high precision reflector surface. To achieve a high preci-
sion surface, twelve spring hinges and column stoppers were
employed on the center hub, and curved ribs were connected
to each spring hinge. The curved ribs were designed based
on the parabola equation and were made of CFRP, which
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had lightweight, high elasticity, and flexibility, enabling the
ribs to be wrapped into a compact circular shape around
the center hub. A conducting mesh with high reflectivity
was attached to the upper surface of the deployable struc-
ture. When the satellite reached its operating altitude, the
wrapped ribs automatically deployed due to the elasticity
of the CFRP and spring hinges, resulting in the attached
mesh reforming into a parabolic shape. During deployment,
the ribs were constrained by column stoppers, arranging
them perpendicular to the center hub. In this configuration,
the mesh could form a parabolic shape consistent with the
parabola equation used in the design of the curved ribs.
Therefore, the proposed mesh reflector could form a high
precision reflector surface. Moreover, when the reflector was
stowed in the rocket payload, the diameter of the reflec-
tor was reduced from 1.5 m to 0.2 m, and the height was
maintained at 0.26 m. This meant that the fabricated model
had a deployment volume of 0.585 m? (1.5 m x 1.5 m x
0.26 m) and a stowed volume of 0.0104 m> (0.2 m x 0.2 m x
0.26 m), thus achieving the volume-reduction efficiency of
98.22%. To verify the electrical characteristic of the pro-
posed antenna, the bore-sight gains of the proposed antenna
were measured in the far-field environment. The measured
average bore-sight gain and aperture efficiency from 2 GHz
to 6 GHz were 27.4 dBi and 18.1%, respectively, which
agrees well with the simulated results of 26.7 dBi and 14.4%.
Since the SUS mesh was employed as the proposed mesh
reflector antenna instead of the gold-coated molybdenum
mesh, these results indicated a 4.4 dB decrease compared
to the average bore-sight gain of 31.8 dBi obtained when
a gold-coated molybdenum mesh was used. This reduction
closely matched the reflectivity difference between the SUS
mesh (50.8%) and the gold-coated molybdenum mesh when
converted to the dB scale (—5.1 dB). This indicates that the
proposed antenna could achieve similar performance to the
simulation result when a high reflectivity conducting mesh,
such as the gold-coated molybdenum mesh, was applied to
fabrication.
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