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ABSTRACT 

The whole Cubesat functionality depends on the 
integrity of its subsystems. For that reason, it is 
very important that the structure subsystem is 
built to be robust and reliable to ensure the 
protection of all other subsystems integrated 
within.  

The goal is to develop a high performance 
Cubesat structure with the innovative 
application of materials, like composite 
materials. The use of composite materials for 
primary structure increases the strength and 
reduces the weight of existing Cubesat 
structures providing a higher payload capacity. 

Interplanetary missions require more robust and 
reliable structures, this paper proposes a 
Cubesat manufactured with composite 
materials as the solution for exploratory 
missions. 

The design of the structure is key with 
composites in order to reduce manufacturing 
cost and stress concentration, especially on 
interference with other components. 

The results of “study on alternative structures 
designs for Cubesat” [1], shows that one solid 
wall composite Cubesat design can stand up to 
25g loads with a temperature range of -55°C (-
67° F) to 90°C (194° F). Additionally, the 
vibration simulation results show a minimum 
vibration mode of 157.6 Hz. These performance 
parameters are achieved with a total mass of 
183 grams.  
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I. INTRODUCCTION 

The CubeSat is a standardized Picosatellite. The 
basic CubeSat unit consists on a 10 cm cube 
with a mass of up to 1.33 Kg. 

Their mission is typically proof of concept, 
meaning higher risk is accepted. In order to 
minimize the risk, there are several 
requirements that have to be followed to 
ensure the safety of the launch vehicle and the 
primary payload. 

In recent years there have been several 
iterations on CubeSat structures in order to 
improve the capabilities of the design. 

This paper provides the results of a study on the 
CubeSat structure design [1] and an advance 
composite integrated Cubesat structure as the 
final product. 

II. TECHNOLOGY OBJETIVES 

The main objective is to meet the Cal-Poly [2] 
and launch requirements: 

- Dimensions requirements. 
- Weight requirements (distribution and 

maximum allowed). 
- Material Requirements. 
- Static and Vibration requirements. 
- Outgassing and TML. 
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Secondary objectives are specific to the project:  

- Weight: light-weight structure. 
- Configurable: Multi-configurable structure. 
- Innovation: Use or new materials or 

processes. 
- Cost: Reduce manufacture cost. 
- Load cases: Additional static load cases. 
- Protection: thermal and radiation 

protection. 
- Static load: higher static load, up to 25g. 
- Temperature: Wide temperature analysis 

(-55 C to +90 C). 
- Deformation: minimize internal 

deformation to protect the payload, Max 
total def. =0.5mm, internal def. = 0.35mm. 

 

III. RESEARCH PROCESS 

A comprehensive material, manufacture 
processes and assembly methods analysis have 
been performed. The results indicate that 
composite materials are an excellent solution to 
replace the aluminum structures and reduce 
the cost of manufacturing by means of modular 
design, part repetition and avoiding complex 
parts. 

The combination of high strength and low 
weight make composites attractive to space 
application, especially for Picosatellite, where 
the weight is particularly sensitivity. 

IV. DESIGN SPECIFICATION 

The design of a composite CubeSat is 
challenging because of the number of variables 
to take into account: 

- Cost. 
- Manufacture. 
- Assembly. 
- Operational. 

In order to create a satisfactory design that 
meets or exceeds these variables, a design with 
a mix of composite and aluminum is proposed. 

 

Mixing aluminum and composite components 
adds an additional challenge to the design: the 
thermal expansion. But in exchange it reduces 
significantly the cost of fabrication and avoids 
delamination problems that could affect the 
strength of the design. 

Titanium rivets are used to join all components; 
an alodine finish on the rivets holes prevents 
the galvanic corrosion problem. 

The aluminum components are the internal 
columns that support the payload; external rails 
that provide the required contact with the P-
Pod and Feet blocks that are used for the 
housing of the deployment switches and the 
separation spring. 

The composite components are 6 shear panels 
and 8 shear angles, all of them completely 
interchangeable. 

 

Global view of the Composite Cubesat FEM 

It is an objective of the project to test the 
capabilities of a design with composite as 
primary structure. A total of 45 extreme load 
cases conditions were taken into account 
considering a maximum of 25 g inertial loads, P-
pod loads, and extreme temperature from -55°C 
(-67° F) to 90°C (194° F). 

In order to ensure an additional layer of 
protection to our electrical systems and 
payload, a new attachment system was 
designed. It is composed by an aluminum sheet 
attached to the internal columns with shock 
absorption pads that hold the board and absorb 

2 
 



any displacement up to 1 mm without stress 
into the card boards. 

 

Set of attachment fitting for a single card. 

V. RESULTS 

Most of the analysis has been performed by 
simulation with MSC Patran/Nastran software. 
Note that for flight validation all composite part 
has to be tested per Cal-Poly Requirements [2]. 

For the simulations the total mass including 
payload is 1.33 kg and structure only is 183 
grams. The structure center of gravity is located 
from the geometric center at:  

X= -1.886 mm, Y= 0.0 mm and Z= 0.028 mm. 

Maximum displacement under maximum 
load conditions is 0.428 mm and the internal 
maximum displacement is 0.309 mm. By the use 
of the designed attachments, the internal 
payload does not suffer any stress from 
external loads. 

The strength analysis includes; tension, 
compression, shear, crippling, Column Buckling, 
inter-rivet buckling, bearing, rivet shear and 
unfolding analysis. The next table shows the 
minimum Margin of safety per component.  

Component Subcase M.S Result 

Column 28 0.68 Tension Stress 

Feet 6 0.13 Compression Stress 

Rail 27 0.34 Compression Stress 

Angle 41 >3 Max Strain 

Panels 24 0.35 Max Strain 

 

 

 

The dynamic analysis shows a minimum 
frequency response of 157 Hz and the rigid 
modal frequencies are stable and consistent on 
all 6 degrees of freedom. 

VI. CONCLUSIONS 

The design demonstrates by simulation that a 
composite CubeSat can be the next step in 
structures subsystem for Picosatelites or as a 
demonstrator for a future Satellite with primary 
structure made of carbon fiber. 

 This design has a big impact on weight and 
strength. Improving at the same time the 
radiation behavior and reducing cost of 
fabrication when the design is modular and 
standardized. 

For the future of the research, additional 
iteration can be made with skeletonized panels 
instead of a solid panel structure to maximize 
the weight reduction. 

VII. REFERENCES 

[1] Final Thesis “Alternative Structure Designs 
For Cubesat.” Bachelor in Aerospace 
Engineering, Villaviciosa de Odón, 2014 – 
Gustavo Cotta 

[2] “CubeSat Design Specification” 
[www.cubesat.org/index.php/documents/d
evelopers] – Cal-Poly 

3 
 

http://www.cubesat.org/index.php/documents/developers
http://www.cubesat.org/index.php/documents/developers

