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Abstract. Adapter is a widely applied structure connecting satellite and launch vehicle with 

standard interface. In this paper, the described technique simultaneously uses the size and shape 

optimization on an engineering satellite adapter to achieve more efficient design. The 

optimization application is achieved by modifying its shape design variables and performing size 

optimization to obtain optimal design. The process is formulated in Msc.Patran/Nastran with the 

help of an algorithm generated by patran command language (PCL). Optimization results proved 

that the modified adapter greatly enhanced the stiffness and strength of the whole satellite while 

reducing the adapter weight by around 70%. 

1.  Introduction 

The optimization concept was introduced into the field of structure design by L. A. Schimit in 1960 [1]. 

This work laid up the foundation of structural optimization and progressed massively in the past half 

century. Nowadays, with the fast development of computational mechanics and the capacity of modern 

computers, a lot of commercial software for finite element analysis were produced and simulation-based 

structural optimization has become an indispensable tool in the design of competitive products [2]. One 

of the most famous commercial software is Msc.Patran, which is an integrated parallel framework 

system of finite element pre-and-post processing analysis and simulation. It not only provides a complete 

CAE integrated environment, but also provides user development tool named as patran command 

language (PCL). PCL is the built-in language of MSC.Patran, which is similar to C languange and 

fortran. Besides basic math functions, PCL also provide many built-in functions for modeling, meshing 

and post-processing. Through PCL, user-compiled analysis programs can be integrated into software 

system to solve different kinds of problems [3]. Due to the powerful functions of patran in finite element 

analysis and secondary development, it has been applied in many researches [4],[5] The described 

technique in this paper also uses the PCL function to apply simultaneous size and shape optimization on 

a satellite adapter. Satellite adapter is the primary load-bearing structural part of satellite, connecting the 

launch vehicle and main satellite body. During launch, the vehicle provides a severe dynamic 

environment that increases the load of adapter and adapter has to maintain sufficient stiffness to protect 

the main satellite body. 

Optimization has been applied on satellite structure in a lot of studies [6],[7]. However, optimization 

of adapter is relatively few as different countries use different standard and differences existed between 

different satellites have a great influence, so that a simultaneous size and shape optimization is 

performed for current satellite adapter. 
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The preliminary model of the present study came from Student Small Satellite-1 (SSS-1), which is a 

co-operated micro-satellite developed by several universities. It was especially derived from the 

preliminary design review phase (PDR), which is one of development phases of satellite. SSS-1 consists 

of main satellite body and adapter, which is shown in Figure 1. On current engineering issue, preliminary 

design of adapter has been designed as Figure 2.  

Modal analysis is conducted based on the preliminary design of satellite and the result reveals that 

the natural frequency of the whole satellite is around 22Hz. According to the user’s manuals of Long-

March (LM) series launch vehicle, natural frequency of satellite usually should be higher than 15Hz to 

avoid the dynamic coupling with the launch vehicle. However, as SSS-1 is a micro-satellite with the 

mass of 35kg, it will not be the main considerations of the launch vehicle design and will face harsher 

mechanical environment than major satellite. Thus, following the requirement for major satellite design 

is not enough and analysis result of 22Hz is relatively low for a microsatellite. Therefore, stiffness and 

strength improvement is strongly recommended to provide a stable connection between satellite and 

launch vehicle. Nevertheless, the adapter remains metallic and contributes a significant proportion to the 

spacecraft’s mass, so that strengthening this component will definitely increase the cost. On this 

condition, it is important to determine a compromising design point to satisfy practical considerations 

and meet launch vehicle’s requirements while reducing the weight [7]. Considering the high 

computational cost of establishing finite element model, PCL is used to perform the simultaneous size 

and shape optimization for satellite adapter to achieve better design. 

The remainder of this paper is organized as follows. Section 2 discusses the core factors of the adapter 

optimization problem, obtaining corresponding mathematical expression. Section 3 explains the solution 

of the stated problem, getting the optimization results and determining the final design of adapter. 

Finally, section 4 concludes the paper. 

 

 

Figure 1. Configuration of SSS-1. Figure 2. Preliminary Design of Adapter. 

2.  Problem Formulation 

Objective function, constraints and design variables are three important factors of optimization problem. 

In this chapter, the specific form of adapter optimization will be constructed. 

2.1.  Initial Structure for Optimization 

Launch vehicle has strict standards for mechanical interface of satellite. During launch phase, there is 

an adapter on the satellite and launch vehicle respectively. Two adapters have the same circular interface, 

where clampband is used to achieve the attachment [8]. Configuration of separation system is shown in 

Figure 3.  
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Figure 3. Configuration of Separation System. 

For SSS-1, The lower surface of adapter is circular to connect with launch vehicle, however, main 

body of satellite is cuboid so that the load will pass from circular to rectangular shape. On this condition, 

finding more efficient transformation shape based on preliminary design to perform the optimization, is 

an important work. 

2.1.1.  Preliminary Design. The preliminary design of adapter has a cylindrical shape with the height of 

60mm, as shown in Figure 2. The lower circular surface attaches the launch vehicle by clampband while 

the upper surface is connected with the lower panel of satellite through eight M5 screws. 

2.1.2.  Design Modification. Based on the preliminary design, the load path of the satellite is shown in 

Figure 4. The upper load of main satellite body passes through lower panel of main satellite body, 

adapter and launch vehicle in turn. Considering the load path inside the lower panel, the load is 

transferred from the corner to the joint point with adapter, which will cause extremely high stress on the 

lower panel. Hence, transferring the upper load directly to the adapter without passing through the lower 

panel maybe a feasible method to improve the design efficiency. The concept can be better understood 

while visualizing Figure 5. 

 

 

Figure 4. Load Path of SSS-1 Structure. Figure 5. Effective Area for Improvement. 
According to this idea, several adapters were designed and applied in the structure of SSS-1 to look 

for a better option as initial design selection. The surface thickness is kept same and modal analysis for 

SSS-1 is performed to check the influence of different designs. The new designed shapes are shown in 

Table 1 with the weight and modal analysis result. It can be concluded that the lateral natural frequency 

value has increased from 22.3 Hz to 73.8 Hz with the reduction of adapter weight from 1.622 to 1.149 

kg, thus the proposed methodology is valid. The shape displayed in last column of Table 1 is selected 

as initial design for optimization. 

Table 1. Comparison of structural performance with different adapters. 

Shape of 

Adapters 
     

Freq1 / Hz 22.325 48.214 65.2 74.257 73.801 

Mass / kg 1.622 1.865 1.966 2.387 1.149 
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Details of initial structure of adapter are shown in Figure 6 and Figure 7. The new adapter consists 

of three parts: base/lower portion is designed as per standard requirements from launch vehicle; upper 

portion is a combination of four surfaces which are joined in rectangular configuration with lower panel 

of main satellite body; the middle portion has four surfaces directly attaching from adapter lower to 

upper portion. Upper and lower portion of adapter are almost fixed, but the middle portion has large 

space for optimization. 

 

 
 

Figure 6. Initial Design for Optimization. Figure 7. Three Portions of Adapter. 

2.2.  Design Objective 

Normally, satellite consists of platform and payload. The payloads are responsible for functional 

missions of satellite, while the platform provides necessary support including power supply, 

communication with ground station, etc. Designers should try to increase the weight ratio of payloads 

because the carrying capacity of launch vehicle is extremely limited. As adapter is part of the structure 

platform, minimizing the weight of adapter is selected as the design objective. 

2.3.  Constraints 

Consideration of stiffness is a prominent feature of spacecraft structure design. Natural frequency of 

microsatellite generally has to be improved to reduce the coupling vibration with launch vehicle. 

Drawing on the experience from industrial department, the 1st natural frequency of micro-satellite 

should be more than 70Hz, avoiding the resonance frequency of launch vehicle Thus, the constraint is 

set to the first natural frequency of the whole satellite not less than 70Hz. 

2.4.  Design Variables 

Three size design variables and two shape design variables are considered in this optimization problem. 

The panel thickness of three portions are selected as size design variables. Shape design variables 

include adapter height and middle portion angle, which are explained below:  

 Adapter Height 

Adapter height is the distance between adapter lower and upper surface and the shape of adapter 

will change by altering the height. Two different shapes of adapter with different heights are shown 

in Figure 8.  

  
(a) (b) 

Figure 8. Comparison of Adapter with Different Heights. 

Since the adapter height determines the distance between launch vehicle and main satellite body, it 

will undoubtedly affect the load path of satellite and has a great influence on the mechanical 

performance of satellite structure. Therefore, setting adapter height as shape design variable is 

reasonable. 
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 Middle Portion Angle 

Considering the initial structure design of adapter, an edge is formed between two consecutive 

surfaces in corner, which makes the structure more stiffened in a certain direction. To balance the 

stiffness contribution on all the directions, the shape of adapter is further improved by adding a 

middle surface in each corner, increasing the amount of middle surfaces from 4 to 8. Middle portion 

angle is proposed to describe the different types of adapter surface layouts. The statement is 

expressed in Figure 9 for better understating. Obviously, the angle has a constraint from 0 to 45 

degrees and it changes back into 4 surfaces adapter when the angle is 0.  

  
(a) (b) 

Figure 9. Middle Portion with 8 Surfaces. 

Middle portion angle is selected as the second shape variable to be considered in the optimization 

process.  

 

In the size and shape optimization of the satellite adapter, the structural topology is prescribed in 

advance and kept fixed in the solution process. Instead, adapter height, middle portion angle and 

thickness of three portions are referred to as design variables and are assumed to change continuously 

or discontinuously. 

2.5.  Mathematical Expression of the Adapter Optimization 

Based on the idea described above, adapter optimization involving size and shape optimization can be 

formulated as follows: 
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(1) 

where S is the shape variable vector, including adapter height h and middle portion angle a; T is the 

size variable vector including the panel thickness of three portions, and 𝑡𝑖 represents the element in that 

vector with lower bound 𝑡𝑖
𝐿 and upper bound 𝑡𝑖

𝑈; W(S,T) is the objective function which means the 

weight of adapter; freq is the first natural frequency of the satellite and freqallow is the maximum 

allowable value; H and A are two domains of adapter height h and middle portion angle a. 

In this paper, freqallow is set to 70Hz according to the discussion above. The initial value for 𝑡𝑖 is 2mm, 

and the lower and upper bounds are 1mm and 5mm. Considering manufacture restriction and the design 

of whole satellite, the adapter height domain is discrete and set as 𝑯 = {30,35,40,45,50,55,60,65,70}, 
while middle portion angle domain is 𝑨 = {0,5,10,15,20,25,30,35,40,45}. 
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3.  Optimization Scheme 

3.1.  Optimization Process 

According to the foregoing discussion, adapter height and middle portion angle are selected as the shape 

design variables, while surface thickness of three portions are chosen for size optimization. As values 

of shape variables are discrete and the number of available value is limited, an algorithm considering 

the variation of height and angle is established to perform the optimization of adapter, which is shown 

in Figure 10. 

 
Figure 10. Algorithm for Optimization. 

For each adapter height and middle portion angle, a new finite element model will be established and 

size optimization will be performed. However, it costs a lot to reconstruct each model step by step as 

only two parameters differ from each other. Since many of the programming structures in PCL, such as 

conditionals, arrays, and loops, enable programmers to work on a fortran-like environment, it is very 

suitable for current problems in which the design factors vary. Firstly, record the PCL commands of 

building FE model, performing size optimization and results output. Then, combine the related 

commands and a PCL function will be created. By invoking the PCL function, an adapter finite element 

model with given values of shape variable could be generated automatically. Furthermore, the scripting 

feature can be used to perform size optimization based on the established model to achieve a minimum 

weight while satisfying the constraints. Modify the input value of height and middle portion angle, 

models with different shape could be established and optimized. Under the control of PCL function, the 

optimization procedure will be performed until all the steps are completed without user intervention. 

3.2.  Optimization Results 

In accordance with the optimization process above, the results of minimum weight in each shape are 

available, which is shown in Figure 11. The horizontal axes represent adapter height and middle portion 

angle, and vertical axis represents weight of adapter. The graph clearly reveals that there is a global 

optimum for adapter design. The minimum weight value is 471.79 grams.  
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Figure 11. Optimized Weight of Adapter. 

For the size and shape optimization, the optimum point is: 
*

*

{45 ,20 }

{1.7227 ,1.4588 ,2.2847 }

T

T

S mm

T mm mm mm

 




 (2) 

 Discussion about Influence of Angle 

From the graph of optimization results, it could be concluded that the minimum weight for a certain 

adapter height would be achieved at around 20 degrees. The reason is that the existence of middle 

portion angle would weakens the particularity of the certain direction and make the stiffness of 

adapter more balanced in all directions, improving the efficiency of material utilization.  

 

 Discussion about Influence of Adapter Height 

Similarly, for a constant middle portion angle, the minimum weight is achieved at around 

35~45mm. This result appears because that there is a tilt angle between the lower portion and 

middle portion of adapter, which is shown in Figure 12. Increase of the tilt angle tend to improve 

the stiffness of the satellite. While improving the height of adapter, on the one hand, increase of tilt 

angle leads to the improvement of stiffness so that 70Hz could be achieved with smaller value of 

surface thickness. However, on the other hand, more material will be necessary, resulting in more 

weight of the adapter. The increase of tilt angle is more significant when adapter height below 

40mm, and it becomes insignificant after a certain increase of the adapter height. So further increase 

in height will only add extra weight. Due to the influence of these two factors, the minimum weight 

is achieved at a certain height. 

 
 

(a) (b) 

Figure 12. Tilt Angle for Middle Surface. 
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3.3.  Final Design of Adapter 

According to the optimization results, the improved design of adapter could be determined. Considering 

the fact of manufacturing constraints, we need to round off these values. Final optimized values and 

manufacture values are mentioned in Table 2. 

Table 2. Design parameters of adapter. 

Specifications Optimized Values Manufacture Values 

h/mm 45 45 

a/º 20º 20º 

t1/mm 1.7227 1.74 

t2/mm  1.4588 1.47 

t3/mm 2.2847 2.30 

freq1/ Hz 69.803 70.020 

W/ g 471.79 474.12 

 

Comparison between the preliminary and improved design of adapter is shown in Table 3. It could 

be concluded that the weight of the adapter reduces from 1.622kg to 474.12g, while the 1st natural 

frequency rise from 22Hz to 70Hz. Also, the results of mechanical analysis indicate that the new design 

is reliable. 

Table 3. Comparison of preliminary and optimized adapter. 

Specifications Preliminary Adapter Optimized Adapter 

Picture 

  

Weight 1.622 Kg 474.12 Grams 

1st Natural Frequency 22.325 Hz 70.020 Hz 

Surface Thickness 5 mm Mentioned in above table 

Adapter Height 60 mm 45 mm 

Maximum Stress 60.2 MPa 70.9 MPa 

Maximum Displacement 1.12 mm 0.65 mm 

4.  Conclusion 

In this paper, simultaneous size and shape optimization is applied on a satellite adapter by using PCL. 

Originated from practical engineering problems, initial exploration is made based on the preliminary 

design of the SSS-1 satellite adapter. After more efficient shape was fixed, corresponding optimization 

problem is formulated. Then size and shape optimization are applied simultaneously following the 

proposed optimization process. By recording patran commands for establishing finite element model 

and performing size optimization, a PCL function is formed and the optimization results are obtained 

rapidly. The final structure of adapter is determined based on the optimization results and the improved 

adapter greatly enhanced the stiffness of the whole satellite while reducing the weight of adapter by 

around 70\%. 

The work presented in this paper proved that the PCL function is an effective method for optimization, 

and the application on the micro-satellite adapter could provide some inspiration to transformation shape 

design between a rectangular and circular portion. 
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