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Abstract: The deployable reflector antenna based on the synthetic aperture radar is a satellite
component that consists of a unit structure in the form of a folded reflector. During the launch
process, this satellite antenna is in the stowed condition to improve storage efficiency. It is then
deployed to perform the space mission in the on-orbit condition. Due to these structural characteristics
of the deployable reflector antenna, the reflector is possible to be loaded in the limited volume of the
launch vehicle with the reduced size. Additionally, because the deployable reflector antenna is made
by the lightweight material of the carbon fiber reinforced polymer and honeycomb core, it can reduce
the launching cost and improve the revisit interval. In this paper, the conceptual design of the main
reflector of the deployable reflector antenna was conducted. The main reflector was designed as the
honeycomb sandwich composite structure. To design the main reflector, the stacking sequence of the
composite material and honeycomb core was investigated to maximize the structural stiffness and
minimize the antenna’s mass. Subsequently, finite element analyses including modal, quasi-static,
structural–thermal coupling, and transient response were performed to numerically evaluate the
structural performance of the lightweight composite reflector antenna.

Keywords: synthetic aperture radar (SAR); deployable reflector antenna (DR-A); honeycomb sandwich
composite structure; carbon fiber reinforcement polymer (CFRP); finite element analysis

1. Introduction

Recently, a next-generation military reconnaissance satellite was developed, built upon
three fundamental technologies: high performance, high reliability, and persistence. This
type of advanced satellite was designed to execute surveillance and reconnaissance opera-
tions with high image resolution across the entire national territory. In this satellite system,
the synthetic aperture radar (SAR) antenna is used to facilitate surveillance regardless of
observation conditions such as day/night or cloud. Because the SAR antenna has one of the
largest payloads in terms of both weight and volume within the satellite system, it should
be designed as compact and lightweight as possible. For the compact and lightweight
design, a deployable reflector antenna (DR-A) with high storage efficiency was developed
by advanced nations like Germany, Israel, Italy, and others [1–7].

During the process of launching a satellite mounted on a launch vehicle and perform-
ing a space mission after reaching mission orbit, the satellite is placed in severe conditions
such as quasi-static, vibrational, and acoustic loads or thermal stresses [5,6]. Consequently,
the satellite is designed and fabricated to ensure both structural and thermal stability for
these extreme loading condition considering the balance between the operational perfor-
mance and cost. The main reflector has the largest mass ratio except for the electric device
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among the DR-As. Thus, the design of the main reflector is a key component for improving
the performance of the antenna system. Lightweight deployable antenna improves the
revisit cycle time for fast satellite operation and facilitates cost reduction for the launch pro-
cess. The main reflector should be designed to reduce weight while maintaining structural
stiffness [8–10].

Several works are implemented to design the deployable reflector in the satellite
antenna [11]. In order to improve the volume ratio between the deployed and stowed
conditions, a mesh-type reflector was developed [12]. Due to the flexibility of the reflecting
surface, the satellite equipped with mesh-type antenna is possible to transfer into the
on-orbit environment with a limited volume of launch vehicle fairing. But a mesh-type
reflecting surface has the bigger shape error than the solid-type antenna. In order to
enhance the dynamic stiffness of the solid-type main reflector, the stiffener is applied to
thin the CFRP composite reflector. While the CFRP reflective surface to which the stiffener
is applied has high dynamic stiffness in the global vibrating mode, the local vibration in
the area without the stiffener is large, which reduces the performance of the antenna in
terms of attitude control.

In this paper, the main reflector with the honeycomb sandwich composite structure
was developed to satisfy the design requirements including size, weight, and structural
stiffness. In the design approach, the design variables are the material properties and the
laminated stacking sequence of the composite material. Finally, the structural stability of
the DR-A developed in this paper is numerically demonstrated using structural analyses
of structural mode, quasi-static, thermal gradient, and dynamic behavior. In this paper,
the CFRP honeycomb sandwich structure consists of the CFRP material of YSH70A [13]
which is space-grade composite material with high strength and the aramid honeycomb
core of ECK 4.8 [14]. Also, the shape of the main reflector is axisymmetric Cassegrain type
consisting of the main- and sub-reflectors (Table 1).

Table 1. Design requirements of the deployable reflector [13,14].

Requirement Value

Mass Antenna assembly ≤110 kg
Diameter Deployed main reflector ≥5000 mm

Fundamental frequency

(Stowed condition)
Lateral direction ≥33 Hz

Longitudinal direction ≥80 Hz
(Deployed condition)

Bending mode ≥3 Hz

In Section 2, the overall design approach is presented. Section 3 shows the sequen-
tial design process of the main reflector consisting of the stacking sequence of carbon
fiber-reinforced polymer (CFRP) and the spatial distribution of the honeycomb core. Sev-
eral structural analyses are performed in Section 4. Finally, he structural analyses are
implemented for the payload level of satellite antenna in Section 5.

2. Design Approach of Deployable Reflector Antenna

In this study, the design specifications for the deployable antenna are identified
based on the performance and functional requirements of representative SAR satellites.
Considering the RF (radio frequency) performance of the satellite antenna, the diameter
of the main reflector should be over 5000 mm. The total mass of the DR-A in the antenna
should be under 110 kg considering the SAR satellite system of a 500 kg weight. Because of
the dynamic loads during the launch process, it is important to prevent the interaction of
structural resonance between the launch vehicle and the satellite. For this reason, there is
a design requirement for the structural mode frequency of the satellite system. In order
to design the primary payload such as an SAR antenna, the frequency requirement for
primary payload should be satisfied. By these stiffness requirements, the mode frequency
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of the antenna should be 33 Hz, which is determined by the user manual of overseas
launch vehicles [15,16]. In order to evaluate the structural stability of the antenna under
the launch environment, it is assumed that this antenna is subjected to the quasi-static load
condition of 15 g for the directions of the x, y, and z axes. For the on-orbit condition, the
structural–thermal coupled analysis is investigated to calculate the temperature distribution
of the main reflector and the transient vibration analysis is examined using the pre-image
maneuver of the satellite antenna. As mentioned above, the DR-A has a parabolic-shaped
reflecting surface composed of 24 unit structures.

As shown in Figure 1, the deployable antenna is stowed in a launch vehicle. In this
regard, the main reflector of the DR-A was designed based on the sandwich composite
consisting of the high-stiffness CFRP skin and honeycomb core. In order to achieve the
lightweight design with high stiffness, the honeycomb sandwich composite structure
in this paper is laminated by the space-grade CFRP facesheet of YSH70A which has a
high strength of over 500 GPa, and the honeycomb core of ECK 4.8 with the low-density
aramid. First of all, the stacking sequence of the CFRP facesheet and the distribution of
ECK 4.8 core are sequentially designed using modal analysis of the unit structure of main
reflector. Applying the layout of the unit structure designed in this paper, the finite element
analyses of the unit structure and satellite level are implemented to evaluate structural and
thermal performance.
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Figure 1. Deployable reflector antenna under (a) stowed and (b) deployed conditions.

3. Design of the Unit Structure of the Main Reflector in the Deployable Reflector
Antenna
3.1. Performance Evaluation According to Stacking Sequence of Facesheet

The composite material is an orthotropic material which has different mechanical
properties depending on the stacking angle. In this paper, YSH70A is applied to the
main reflector. This material is s space-grade high-strength CFRP structure, and it is
manufactured using a plain weaving process. The main reflector is a honeycomb sandwich
composite structure, a structure in which the composite material of YSH70A surrounds
the upper and lower surfaces of the honeycomb core. To evaluate the influence of the
laminated pattern, a parameter study of modal analysis was performed on several types
of the unit structure consisting of an Aramid core with the same physical/dimensional
properties and YSH70A with different laminated patterns. As shown in Table 2, five cases
were selected with the lamination angles of [0, 30, 45, 90]deg. To compare the mechanical
performance for each case, the effective properties of the laminated structure are possible
to calculate according to Classical Laminate Theory (CLT) [17,18].

In order to numerically evaluate dynamic stiffness, the modal analysis of the unit
structure with respect to the laminated pattern of the CFRP facesheet was performed
using Optistrut Solver. The finite element model of the unit structure consists of a 2D
composite shell element of the YSH70A facesheet and the Aramid core of a 3D anisotropic
solid element. To compare the dynamic stiffness values with respect to the laminated
pattern, modal analysis was performed under the free–free boundary condition. During
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the deployment process, the root part of the main reflector is connected to the hinged
mechanism adjacent to the center of gravity. The dynamic stiffness of the fully deployed
main reflector shown in Figure 1b depends on the root part of the main reflector connected
to the hinge. Thus, the dynamic stiffness of the main reflector is evaluated as the first
mode frequency.

Table 2. Lamination Sequence and Effective Modulus.

Case Laminate Sequence Effective Properties (Pa)
E1 E2 G12 v12 Efx Efy

1.1
[
0/45/Core

]
s 2.09 × 109 2.09 × 109 5.28 × 108 0.315 4.85 × 108 4.85 × 108

1.2
[
0/90/Core

]
s 2.93 × 109 2.93 × 109 1.01 × 108 0.040 6.91 × 108 6.91 × 108

1.3
[
/ − 45/Core

]
s 6.20 × 108 6.42 × 108 9.55 × 108 0.789 1.13 × 108 1.13 × 108

1.4
[
0/30/Core

]
s 2.34 × 109 2.34 × 109 3.22 × 108 0.233 5.46 × 108 5.46 × 108

1.5
[
−30/30/Core

]
s 1.48 × 109 1.48 × 109 6.43 × 107 0.516 3.28 × 108 3.28 × 108

E1 , E2, G12 and v12 mean 1- and 2-directional, shear stiffness and Poisson’s ratio, and Efx, Efy mean the bending
stiffness. As shown in Table 2, the Case 1.2 model with the [0/90] stacking pattern shows high stiffness in
Directions 1 and 2, but relatively low shear stiffness. The Case 1.3 model with the [45/−45] stacking pattern was
applied and had a higher calculated shear stiffness compared to the stacking pattern, but the 1- and 2-directional
stiffness were 50% lower than those of other stacking patterns. As a result of comparing the stiffness calculated
through CLT formulation, Case 1.1 with the [0/45] stacking pattern and Case 1.4 with the [0/30] stacking pattern
have high axial stiffness and shear stiffness on average.

Table 3 shows the modal analysis results of each main reflector under the free boundary
condition with respect to the stacking pattern of the CFRP facesheet. While the first and
second mode frequencies for Case 1.2 show a high value, the third mode shows a relatively
low value because this laminated pattern has relatively low shear modulus. The laminated
pattern of [0/90] has the highest first mode frequency at 30.75 Hz, but the mode frequency
for the twisting mode is shown to be significantly low. The second bending mode of
Case 1.1 with the laminated pattern of [0/45] is shown the highest at 78.09 Hz, and the
torsional mode of Case 1.5 with the laminated pattern of [−30/30] is shown the highest
at 116.95 Hz. The laminated pattern with Case 1.1 of [0/45] is reasonable for the main
reflector in the DR-A.

Table 3. Results of Modal Analysis for Laminate Sequence.

Case Laminated Pattern
Effective Properties (Pa)

First Bending Mode Second Bending Mode Third Twisting Mode

1.1
[
0/45/Core

]
s 27.93 Hz 78.09 Hz 94.81 Hz

1.2
[
0/90/Core

]
s 30.75 Hz 70.22 Hz 41.73 Hz

1.3
[
/ − 45/Core

]
s 16.15 Hz 48.75 Hz 57.97 Hz

1.4
[
0/30/Core

]
s 28.28 Hz 76.39 Hz 80.03 Hz

1.5
[
−30/30/Core

]
s 24.37 Hz 71.94 Hz 116.95 Hz

3.2. Performance Evaluation According to Honeycomb Core of Reflector Antenna

In the previous subsection, the structural performance of the unit structure of the
main reflector was investigated with respect to the laminated pattern of the facesheet. The
stacking angle of a facesheet wrapped around the honeycomb core was selected as Case 1.1
of [0/45]. As shown in Figure 2, the honeycomb core can be divided into four parts to
determine the distribution of the honeycomb core. Because the maximum stress during
the operating condition is generated at the root part of the main reflector of the deployed
main reflector, the honeycomb core in Part 1 is wrapped with eight plies on the top and
bottom. Part 4 is the outer part of the main reflector covered with two plies on the top
and bottom. The thickness of the honeycomb core is 16 mm. Figure 2 show four different
designs; (Case 2.1) applying a relatively high-density core uniformly to the main reflector;
(Case 2.2) applying a relatively low-density core uniformly to the main reflector; (Case 2.3)
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applying cores with different densities to each of the four parts of the main reflector; and
(Case 2.4) applying cores with different thicknesses to each of the four parts of the main
reflector. For each core design, the stacking sequence of Case 1.1 is equally applied to
individually evaluate the structural influence of the core shape.
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Figure 2. Stacking sequence of the main reflector consisting of the facesheet with a laminated
pattern of Case 1.1 and the material distribution of the honeycomb core of (a) Case 2.1, (b) Case 2.2,
(c) Case 2.3, and (d) Case 2.4.

In this subsection, modal analysis is implemented to compare the weight and funda-
mental mode frequency of the main reflector with the honeycomb core of Case 2.1~Case 2.4.
The clamped boundary condition is applied at the hinge point to simulate the deployed
condition. The weight and mode frequencies for each case are shown in Table 4. The mode
frequencies of Case 2.2 consisting of a low-density core uniformly and Case 2.3 consisting of
cores with different densities to each part are relatively higher than those of the other cases.
However, in order to manufacture the honeycomb core of Case 2.3, the manufacturing
process requires additional steps to interconnect the cores with different densities and it is
difficult to maintain the quality of 24 main reflectors manufactured by complex processes.
As shown in Table 4, in terms of weight, rigidity, and manufacturability, the design of
Case 2.2, which applied a uniform low-density core, is the most suitable honeycomb core
for the main reflector.

Table 4. Modal analysis of the unit structure in the main reflector with respect to each stacking
sequence defined in Figure 2.

Property 2.1 (High Density) 2.2 (Low Density) 2.3 (Various Densities) 2.4 (Various Thickness)

Mass (kg) 2.73 2.49 2.51 2.71
1st mode (Hz) 3.66 3.86 3.89 3.59
2nd mode [Hz] 11.29 11.95 11.97 10.96

4. Structural Analysis of Unit Structure of Deployable Reflector Antenna

For the unit structure of the main reflector with the stacking sequence in Figure 2c, the
modal, quasi-static structural, and thermal-elastic analyses were conducted. To compare
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relative performance, numerical analyses were performed based on the high-density core
of Case 2.1 and the low-density core of Case 2.2. The modal analysis of unit structure in the
main reflector is conducted for the stowed and deployed conditions, respectively. For both
cases, the clamped boundary condition is applied to the connection point such as a hinge
point connected with the antenna system. However, for the stowed condition, the clamped
boundary condition is also imposed at the top and middle of the main reflector to account
for the hold-and-release mechanism devices as shown in Figure 3a. For the deployed
condition, the fixed boundary condition is imposed at only the bottom of the hinge.
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Figure 3. Boundary Condition of Unit Structure in Deployable Reflector Antenna under (a) the
stowed and (b) deployed condition.

First, the quasi-static analysis of the unit structure in the DR-A was conducted under
the 0 g condition for the orbital environment and the 1 g condition for the ground envi-
ronment. The effect of gravity acceleration change on the deformation of the antenna was
quantitatively analyzed using quasi-static analysis. The clamped boundary condition was
applied at the hinged mechanism to simulate the deployed condition in Figure 3b. Figure 4
shows that the maximum displacement in the z-direction of the reflector was compared to
that of the honeycomb core model of Case 2.1 (high-density core) and Case 2.2 (low-density
core). As shown in Figure 4, the z-directional maximum displacement of the low-density
core structure was 1.74 × 10−2 m lower than that of the high-density structure. In this
viewpoint, the structural stability of gravitational environments of the low-density core
model is higher than that of high-density core ones.
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Figure 5 shows the structural–thermal coupled analysis of the unit structure in the
DR-A. During mission operation, the satellite is subjected to severe thermal load from low
to high temperature, depending on the relative position of the satellite with respect to Earth
and Sun. In this study, the worst hot condition where a satellite is located between Earth
and Sun is applied to simulate the significant temperature gradient. In order to determine
temperature distribution, the orbital thermal analysis for the DR-A is implemented. The
temperature distribution for the worst hot case is shown in Figure 5a. The unit structure
(blue dotted line) with the highest temperature is applied to the input load for the structural–
thermal coupled analysis where the range of the temperature load is from 0 to 110 ◦C.
Stress distributions for high- and low-density models are shown in Figure 5c,d, respectively.
The results of the structural–thermal coupled analysis show that the maximum stress of
the high-density model is higher than that of the low-density model; the unit structure
with the low-density honeycomb core of Case 2.2 is reasonable from the viewpoint of
thermal deformation.
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Dynamic stiffness is one of the most important design requirements for a satellite
payload such as the antenna. The satellite is subjected to various dynamic loads like
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acoustic and vibration. In order to prevent the resonance between the primary payload
and satellite body, the mode frequency of the primary payload should be sufficiently
different from the satellite main body. Thus, all the payloads have a design requirement
for dynamic stiffness. Because the configuration of the antenna developed in this paper is
an axisymmetric shape of 24 main reflectors, dynamic stiffness of the unit structure can
represent the entire structure of the antenna. The modal analysis of the unit structure
in the DR-A is implemented to evaluate the dynamic stiffness for the high- and low-
density honeycomb core of Cases 2.1 and 2.2. As shown in Figure 6a,d, modal analyses are
implemented for the stowed and deployed conditions. Figure 6b,c,e,f show that the first and
second mode frequencies of the unit structure with the stacking sequence of Case 2.2 are
higher than those of Case 2.1 for the stowed and deployed conditions, and the low-density
honeycomb core of Case 2.2 is reasonable from the viewpoint of the dynamic stiffness.
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The analysis results of the structural analyses conducted in this study are summarized
in Table 5. It was confirmed that Case 2.2 had a weight reduction of approximately
8.8% compared to Case 2.1. Results of the modal analysis results show that all the mode
frequencies for the deployed condition satisfy the design requirement for the dynamic
stiffness of above 3 Hz (Figure 7). From a thermal and gravitational environment, the
performance of the main reflector with low-density cores in Case 2.2 was relatively high
than that of the high-density core.

Table 5. Results of structural analysis for unit structure in main reflector with respect to the type of
honeycomb core (HC).

Unit Structure of Main Reflector 2.1; High-Density HC 2.2; Low-Density HC

Mass (kg) 2.725 2.487
Mode analysis 1st mode (Hz) 93.42 97.94
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Table 5. Cont.

Unit Structure of Main Reflector 2.1; High-Density HC 2.2; Low-Density HC

(Stowed condition) 2nd mode (Hz) 123.24 130.95
Mode analysis 1st mode (Hz) 3.66 3.84
(Deployed condition) 2nd mode (Hz) 11.29 11.77
1g Gravity dispmax (m) 1.95 × 10−2 1.74 × 10−2

Thermal deformation σmax (Pa) 366.5 × 106 250.6 × 106Appl. Sci. 2024, 14, x FOR PEER REVIEW 10 of 15 
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Figure 7. Mode frequencies and shapes of the deployable reflector antenna assembly under stowed
and deployed condition with the high- and low-density cores; finite element configuration under
(a) stowed and (b) deployed conditions; mode frequencies and shapes of (b) 1st mode with the
stowed condition, 1st mode with the (c) stowed and (d) deployed conditions, 2nd mode with (e) the
stowed condition and (f) the deployed condition.
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5. Structural Analysis of the Full Model of Deployable Reflector Antenna

In this section, the finite element analysis of the DR-A assembly consisting of a total
of 24 petals is performed using the material properties and stacking sequence. The unit
structure applied to the antenna assembly is assumed to be two cases, Case 2.1 and Case 2.2.
Both antenna models satisfy the weight requirement of the primary payload (less than
110 kg) including the other antenna components. Modal and quasi-static analyses are
performed for the antenna assembly composed of 24 main reflectors under the deployed
condition. In order to evaluate the effect of the attitude control during the mission operation,
the transient analysis of the deployed antenna assembly is implemented.

The modal analyses of satellite assembly under the stowed and deployed conditions
are conducted for the launch and on-orbit environments, respectively. The finite element
model and boundary conditions are shown in Figure 7a,b. In the case of the deployed
condition, the local vibrating modes are individually generated at all unit structures. Thus,
the first and second mode of the deployed antenna assembly in Figure 7d,f are the same
as those of the unit structure shown in Figure 6d,f, whereas the mode frequencies of the
antenna assembly under the stowed mode in Figure 7c,e are lower than those of the unit
structure. This is because the vibrating mode is determined by the strut assembly as well
as the dynamic stiffness of the main reflector. Although the vibrating mode is partially
different from the unit structure, the fundamental mode of both cases satisfies the stiffness
requirements for the stowed (≥33 Hz) and deployed conditions (≥3 Hz) [16]. Also, the
mode frequency with the main reflector applied with the stacking sequence of Case 2.2 has a
relatively high natural frequency, because the model with the low-density core material has
a higher weight reduction rate than stiffness reduction, leading to higher natural frequency.

As mentioned above, the satellite is exposed to various dynamic loads during the
launch process and the structural safety for sinusoidal vibration in the low-frequency band
(below 100 Hz) can be evaluated by quasi-static analysis. In this paper, the dynamic load
during the launch process can be simulated as quasi-static loads (x, y, z Combination Load
(=15 g)). The results of the quasi-structural analysis are shown in Table 6 and Figure 8. As
shown in Table 6, the antenna assembly applied with the main reflector consisting of the
low-density core (Case 2.2) has relatively high MOS for the quasi-static loading condition.
Compared with the MOS for each direction of the carbon fiber and the honeycomb, the
MOS for the one-directional compression load of the carbon fiber composite facesheet is
the lowest, indicating that if the actual quasi-static load is applied heavily, failure is likely
to occur due to the behavior of the carbon fiber composite facesheet in one-directional
compression. The margin of safety (MOS) is shown as follows:

MOS =
σa

σa × SF
− 1, where SF = 2, (1)

where σa and SF are the allowable stress and safety factor, respectively.
Figure 9 shows the results of the maneuver analysis of the deployed antenna assembly.

During the orbit operation in which the satellite may require spotlight shooting for a
specific area [19], the high performance for the attitude control is required. For satellite
imaging, right after the satellite’s beam angle changes, the satellite rapidly stops and the
antenna assembly exhibits a transient response called the pre-image maneuver. With the
pre-image maneuver, the transient vibrational response is shown in the main reflector
of the antenna assembly. In this regards, the transient analyses to evaluate the effect of
micro-vibration for the stacking sequences of Case 2.1 and Case 2.2 of the antenna assembly
with each stacking sequence are implemented. Transient analysis is conducted to evaluate
the displacement at the end of the tip shown in Figure 9b. The acceleration input function
is shown in Figure 9c determined by the Bang-Bang profile [20]. The satellite moves in
the (+) direction for 0.5 s, the (−) direction for 1.5 s, and then stops for 0.5 s after moving
in the (−) direction. As shown in Figure 9e, vibration reduction in the deployed antenna
assembly with the stacking sequence of Case 2.2 is faster than that of the stacking sequence
of Case 2.1. The displacement for dynamic behavior is calculated using Equation (2), and



Appl. Sci. 2024, 14, 1590 11 of 14

the damping ratio for dynamic behavior is inversely proportional to mass and stiffness,
as shown in Equation (3). Case 2.2 has a higher damping ratio compared to Case 2.1, as
the mass reduction ratio is higher than the stiffness increase ratio, resulting in a decrease
in the RMS value for dynamic behavior. The RMS value for the z-direction displacement
at the moment of satellite attitude stabilization is 1.90 × 10−4 m for the Case 2.1 model
with a high-density core and 1.34 × 10−4 m for the Case 2.2 model with a low-density
core, indicating that the model with a low-density core has an about 25% better damping
performance in terms of RMS displacement criteria. By applying a petal with high damping
performance, the time required to stabilize the vibration occurring after high dynamics
can be shortened, and additional image acquisition time and shooting frequency can be
secured, thus improving the performance of the satellite.

..
u + 2ζω0

.
u + ω2

0u = 0, (2)

ζ =
c√
mk

, (3)

where ω0, ζ, c, m, and k mean the fundamental natural frequency, damping ratio, mass, and
stiffness, respectively. Also,

..
u,

.
u, and u mean the acceleration, velocity, and displacement

of this system.
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Figure 8. (a–c) Result of quasi-static analysis for the antenna model in the deployed condition with a
low-density core (Case 2.2).

Table 6. Quasi-static analysis and margin of safety (MOS) for the antenna model with high- (Case 2.1)
and low-density honeycomb cores.

Maximum Stress (Unit: MPa) MOS

Case
2.1

Laminate
stress

σ1,tensile 56.7 σ1,comp −39.92 σ1,tensile 2.47 σ1,comp 0.52
σ2,tensile 37.85 σ2,comp −33.29 σ2,tensile 4.19 σ2,comp 0.82

σshear 1.54 σshear 6.31

Core
stress

Longitudinal direction
(L-dir.) 0.13 L-dir. 76.5

Width direction
(W-dir.) 0.08 W-dir. 4.71

Thickness-dir. 0.01 Thickness-dir. 0.013
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Table 6. Cont.

Maximum Stress (Unit: MPa) MOS

Case
2.2

Laminate
stress

σ1,tensile 50.87 σ1,comp −36.15 σ1,tensile 2.86 σ1,comp 0.67
σ2,tensile 32.83 σ2,comp −29.71 σ2,tensile 4.99 σ2,comp 1.04

σshear 1.44 σshear 6.81

Core
stress

L-dir. 0.09 L-dir. 6.98
W-dir. 0.05 W-dir. 12.89

Thickness-dir. 0.01 Thickness-dir. 93.75
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two models.

The structural analysis results of the antenna assembly are summarized in Table 6.
Regardless of the honeycomb core type, all the cases satisfy the weight requirement (110 kg
or less). However, in the case of the antenna assembly consisting of low-density core
material (Case 2.2), the total weight of the antenna assembly decreased by approximately
5.7% compared to the high-density core material (Case 2.1). Although the low-density
core used in this study has mechanical properties approximately 50% lower than the high-
density core, the application of a low-density honeycomb core has better stiffness-to-mass
performance than the high-density honeycomb core. Furthermore, as the weight of the
structure decreased, the load applied to the structure by gravity decreased, and the dynamic
characteristics improved, resulting in improved structural performance for static loads,
thermal loads, and dynamic loads.

Table 7 shows the performance comparison between two models with stacking se-
quences of Case 2.1 (using the high-density honeycomb core) and Case 2.2 (using the
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low-density honeycomb core). The results of numerical analysis show that the DR-A model
with Case 2.2 is lighter and has higher dynamic stiffness than Case 2.1. Therefore, this
reflector antenna must be manufactured by applying the main reflector using the stacking
pattern of Case 2.2.

Table 7. Summary of the structural analyses of the antenna assembly level.

Antenna Assembly
Case 2.1
Stacking Sequence with the
High-Density Honeycomb Core

Case 2.2
Stacking Sequence with the
Low-Density Honeycomb Core

Mass 100.25 94.54
Modal analysis 1st mode (Hz) 35.38 36.47
(Stowed condition) 2nd mode (Hz) 51.76 54.26
Modal analysis 1st mode (Hz) 3.34 3.47
(Deployed condition) 2nd mode (Hz) 10.93 11.77

Quasi-static analysis
(Facesheet MOS
(Fiber direction) 0.52 0.67

Core MOS
(Shear direction) 4.81 6.89

Micro-vibration analysis RMS (m) 1.90 × 10−4 1.34 × 10−4

6. Conclusions

In this paper, the composite main reflector of the large deployable high-stability
reflector antenna was developed using space-grade high-stiffness carbon fiber and the
aramid honeycomb core. First of all, the laminated pattern composed of the composite
facesheet and the honeycomb core in the main reflector was determined using modal
analysis of the unit structure. The weight of the main reflector model using a low-density
honeycomb core was reduced by about 8.8% compared to that of the high-density core.
The antenna assembly using the low-density core is approximately 5.7% lighter than that
using the high-density honeycomb core. Considering the launch and on-orbit environment,
the antenna assembly with the low-density core of Case 2.2 has a 25% better damping
performance than the high-density core of Case 2.1 in terms of RMS displace criteria.
Although the fundamental mode frequency of both models is higher than the stiffness
requirement (≥2.5 Hz), the antenna assembly based on Case 2.2 has a 3.7% higher mode
frequency than Case 2.1. The DR-A model will be developed based on the main reflector
designed in this study. Finally, the environment test of the antenna assembly manufactured
by the domestic technology will be performed to experimentally evaluate structural and
thermal stability.
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