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Abstract— Recently, researches on lightweight antenna have been conducted for developing the low cost and high efficiency 
satellite antenna. A deployable solid antenna using CFRP is one of them. The CFRP has the advantage of low density and low 
thermal expansion coefficient. It is necessary to optimal design the antenna that can simultaneously consider the mechanical 
and electrical characteristics to design and manufacture the deployable solid antenna using CFRP.  
In this research, a SQP technique based on the gradient method is used among the optimum design techniques. The antenna 
reflector is designed and manufactured to minimize thermal deformation and to minimize antenna performance degradation is 
a space environment with large temperature variations 
 
Index Terms—Optimization, SQP, CFRP 
 
I. INTRODUCTION 
 
Larger space structures are one of the reasons for the 
increased cost of launch. Therefore, the deployable 
structure that is deployed in the space after being 
stored in a small volume in launch vehicle has been 
developed [1]. The deployable antenna is also one of 
the space structures being researched. The larger size 
of the antenna reflector, the higher the performance. 
However, it is necessary to study the weight reduction 
and deployment method to increase the storage 
efficiency.    
 
In addition, the research of the antenna optimization 
design is conducted. The optimization considers the 
number of stacking and the stacking angle. The 
optimization method has heuristic method, direct 
search and gradient based method [2]. The heuristic 
method is a model based on natural phenomena. 
Although the global minimum value is derived, there 
is a disadvantage that convergence speed is slow [3]. 
The direct search method is technique to perform 
optimal design without knowledge of derivatives, and 
branch and bound method and linear 
programming(LP) are typical methods [4].  
 
The gradient based method is optimization with using 
the derivative function. Here the derivative will 
determine for the direction of the search. It is the 
advantage that the fast rate of convergence, but it has 
the disadvantage that the local optimization solution is 
searched. It can control according to the start point 
and the experimental value. It has the Newton’s 
method and the sequential quadratic programming 
(SQP) method [5] - [6]. 
 
In this research, the CFRP deployable antenna is 
designed and manufactured through SQP method with 
fast convergence speed. 

 
II. OPTIMIZATION DESIGN ALGORISM 
 

A. Sequential Quadratic programming(SQP) 
The Sequential Quadratic Programming(SQP) 
Algorithm is one of the most commonly used 
techniques for optimizing design. SQP is a technique 
that compensates for the accuracy and convergence 
speed of the solution by generating a difference from 
the existing function through the linearization of the 
objective function and the constraint condition of the 
SLP (Sequential Linear Programming) [7]. It is 
suitable for NLP (Nonlinear Programming Problem) 
problem because it has fast convergence [8].  
The equation (1) is non-linear optimization function. 
Here, N and M are the equality constraint and the 
inequality constraint. 
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To use the SPQ, the constraint and objective 

function are linearly approximated through the 
Taylor’s Expansion and then change the variable to 

. This process is called quadratic programming(QP) 
[9], as in (2). 
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A Lagrange multiplier is used to secure the error of the 
optimization problem that has been changed from 
SQP technique to linearization. Lagrange multipliers 
are auxiliary variables used for optimization with 
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constraints. In order to use the lagrange multiplier in 
the SQP technique, the step size α is calculated to 
satisfy the constraint [10] - [11]. The optimization 
problem is transformed into an equation for the search 
direction S, as in (3).  
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The [H] is the Hessian’s matrix. 
 

 
Figure 1 SQP Algorism Flow Chart 

 
It is effective to use 
Broyden-Fletcher-Goldfarb-Shannon (BFGS) update 
rather than obtain the [H] in each iteration. The SQP 
algorism flow chart is Fig.1. The search direction S is 
first obtained using QP. The step size  is derived 
from lagrange multiplier method and 1nx   is obtained. 

If 1nx   satisfies the constraint and Tx x   is less 

than or equal to 6(10 )   for determining the 
convergence condition, the algorithm ends. Then the 
solution, 1nx  , can be founded. If this condition is not 
satisfied, the algorithm is executed through BFGS 
update until it is satisfied.  

B. Design Parameter, Objective function and 
Constraint 

 
a. Design Parameter 

In general, the gradient-based method derives a 
continuous value. The stacking angle of the fiber is 
limited to 0°, ±45° and90° because composite 
materials should be considered for ease of 
manufacture. The design parameter is selected the 
number of stacking and the stacking angle.  

b. Objective function 
In space environment, the reflector of the antenna is 
deformed due to temperature. Deformation of the 
reflector affects the surface accuracy, resulting in 
decrease in performance of the antenna. Therefore, 
it is necessary to design the antenna reflector which 
is resistant to thermal deformation. Deformation of 
the CFRP antenna reflector is affected by the 
stacking angle and stacking order. The stacking 
angle is defined as the design parameter. 
Additionally, the objective function is defined so 
that the surface accuracy is close to that before 
deformation even if thermal deformation occurs due 
to the temperature of the space environment, as in 
(4). 
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The configuration error is represented by 
RMS(Root Mean Square). The smaller the value, 
the lower the configuration error [12].  
 
c. Constraint  
The constraint is that the first order natural 
frequency of the space structure should be more 
than 5% of the effective mass because the vibration 
analysis should be performed when designing the 
space structure [13]. Also, it is necessary to consider 
the failure of lamination layer. Among them, 
Tsai-wu fraction theory is mainly used for structural 
stability verification [14]. The components of [ ]D  

matrix, 16 26,D D  are defined as zero to increase the 
surface accuracy of the antenna reflector. The 
constraint is expressed as in (5). 

 

16 26

2

5%
1

0

1 1

[0,1]

i i ij i j

M N

ij ij
j i

ij

Frequency
f f

D D
Subject to

  

 




 

 

 



 
             (5) 

 
C. MATLAB and ANSYS Integration 

MATLAB is a program that can combine with other 
programs and perform optimal design. MATLAB 
alone can perform finite element analysis. However, it 
has been optimized in interworking with ANSYS, FE 
program specialized in finite element analysis. It has 
high accuracy and fast convergence speed, and it has 
the advantage of easily modifying variables because 
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ANSYS can be controlled by MATLAB [15]. 
MATLAB performs optimization through objective 
functions and constraints to derive the solution and 
substitute the optimal solution to ANSYS. Next, 
ANSYS derives the solution if the configuration 
accuracy and natural frequency obtained through 
vibration analysis and thermal analysis satisfies the 
constraint, and if not, performs optimization again in 
MATLAB.  

 
Figure 2 Optimization Flow Chart 

 
As shown in Fig.2, through the integration process of 
MATLAB and ANSYS, it is possible to derive the 
optimum stacking angle and stacking number of 
lightweight antenna for space environment 
application. Also, in space environment with large 
temperature difference, thermal deformation of space 
structure occurs. Therefore, the deformation of the 
antenna due to the temperature difference should be 
considered. 
 
III. ANTENNA OPTIMIZATION DESIGN  
 

D. Shape Configuration of Deployable Antenna 
The deployable solid antenna shape is parabolic with 
3 m diameter, 1.1 m focal length and 0.8 m central 
hub diameter. The reflector is composed of thirty 
composite panels using M55J/Epoxy, the aerospace 
applicable material, is used for manufacturing 
panels. The thickness of CFRP is 0.125 mm, and 
mechanical properties and fracture strength are 
measured using M55J/Epoxy [16]. When 
manufacture the antenna panels, panels of antenna 
with the diameter of 3 m are difficult to manufacture 
because of their large size. Therefore, the antenna is 
manufactured in a miniature shape. The miniature 
antenna is 1 m diameter, 0.37 m focal length and 

0.266 m central hub diameter. The shape 
configuration of the deployable antenna is shown 
Fig. 3.  

 
Figure 3 Deployable Antenna Configuration 

 
E. Case of Antenna Optimization Design  

The Antenna is exposed to different temperatures 
depending on their location in the space environment. 
The temperature condition was divided into a hot case 
and a cold case by setting the space environment 
temperature to 102 ° C and -68 ° C when the 
conventional temperature was 20 ° C. The optimum 
design is also performed by setting the half of the 
panel at 102 ° C and the remaining half at -68 ° C. 
Finally, a transient case with a temperature cycle is 
also included. The thermal deformation of the 
designed antenna is confirmed by deriving the 
stacking angle and the number of stacks for each 4 
cases. The maximum number of repetitions is limited 
to four. 

 
F. Result of Antenna Optimization Design  

The thickness of the reflector is determined by the 
number of stacks, and the optimal stacking angle and 
order is obtained. The thickness of the reflector panel 
is divided the case into 1 mm, 1.25 mm, 1.5 mm, 1.75 
mm and 2.0 mm. As the thickness increases, the mass 
increases, so the natural frequency increases and the 
limit condition is also satisfied. The configuration 
error is largest at 1 mm, which is the thinnest 
thickness. When ± 45 ° is used, the surface accuracy 
decreases due to torsion, so that the optimum solution 
is obtained by combining 0 ° and 90 °. Considering 
both surface accuracy and weight, the thickness is 1.25 
mm and the stacking order is [90/90/90/0/0]s. Table I 
summarizes the results.  
 As the maximum deformation increases, the surface 
accuracy decreases. In the transient case, the 
deformation difference at the same temperature range 
decreases as the thickness of the reflector increases. 
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Table Ⅰ  Optimal Result of thickness 1.25 mm 

 
 
IV. MANUFACTURE OF CFRP ANTENNA 
PANELS 
 
CFRP antenna panels are manufactured through 
vacuum bag molding, although there are many ways to 
manufacture the composite materials. The vacuum 
bag molding is the method of manufacturing the 
prepreg with pressure and vacuum using an autoclave.  

First, the composite M55J/Epoxy is laminated on 
the panel mold according to a lamination pattern. 
Then vacuum bag molding is performed using sealant, 
breather, release film and vacuum bag. A vacuum bag 
molding method is shown Fig. 4. Finally, the 
composites are cured with recommended temperature 
and pressure for each curing cycle. The curing cycle is 
dependent on the epoxy and the curing cycle is a very 
important factor for manufacture to the designed 
configuration. When the curing cycle is completed, 
the antenna panel shown in Fig. 5 can be obtained. 

 

 
Figure 4  Vacuum Bag Molding 

 

 
Figure 5 Antenna Panel 

CONCLUSION 
  
The research on lightweight antennas is continuing. 
The deployable antenna using CFRP is also included. 
CFRP has the advantages of low density and low 
thermal expansion coefficient. In order to design and 
manufacture the antenna using CFRP, it is necessary 
to design the antenna that can simultaneously consider 
the mechanical and electrical characteristics. 
The SQP technique with fast convergence speed and 
accuracy is used to optimize for designing and 
manufacture the solid antenna in aerospace 
applications. When the optimal design is performed, 
the convergence speed is fast by deriving the solution 
under the maximum number of iterations. However, 
the local optimal solution was derived according to the 
initial values, and the desired initial solutions are 
obtained by substituting different initial values and 
comparing the objective function values. In addition, 
MATLAB and ANSYS program are integrated to 
optimize. This made it possible to speed up the 
analysis and improve accuracy. 
When the angle of ± 45 ° is used as the composite 
material laminating angle, the torsion occur and the 
configuration error tends to increase. Therefore, the 
combination of 0 ° and 90 ° lamination angles leads to 
the solution. 
Since CFRP is the anisotropic material, it is necessary 
to study the electrical properties of composites for 
structural-electrical integration analysis because the 
electrical properties depend on the stacking angle and 
order.  
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