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THE USE OF ADDITIVE MANUFACTURING TECHNOLOGIES FOR THE DESIGN AND

DEVELOPMENT OF A CUBESAT

By Matthew C. Napoli

The CubeSat standard was designed to provide quick, low cost access to space mainly for 

universities and research institutions. To further reduce the cost and improve the customizability of 

CubeSats, polymer extrusion additive manufacturing has been proposed as a method for building 

CubeSat structures.  A 3D-printed CubeSat structure was designed, built and analyzed to prove the 

concept of an extrusion based additive manufacturing for small satellites. High outgassing from 3D-

printed ABS plastic could affect other launch payloads as well as any optics on the CubeSat but other 

materials can be substituted in its place.  This project shows that additive manufacturing is a viable 

method for CubeSat production.
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Currently, most CubeSat projects incorporate either specialized kits for their CubeSat structures or must 

custom build them from metal, usually aluminum. These options can be both costly and time consuming. 



Figure 1: TechEd Sat (Source: SJSU)#



The FDM printing process uses a spool of plastic which is melted and extruded through a nozzle. A  

bead  of  material  is  deposited  on  a  platform  while  the  printer  controls  the  horizontal placement.  When

one layer is complete the platform moves down and another layer is started. This process is continued with 

each layer adhering to the one below it, as shown in Figure 3.  

Figure 3: FDM Layering [8]
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Figure 4: RAMPART CubeSat at Various Design Stages

Figure 4, above, shows various iterations of the RAMPART CubeSat’s structural design. This image 

displays two significant attributes of additive manufacturing. First, multiple iterations of the design we�

	



fully optimize the structure. While their procedure for material testing can be utilized, unfortunately the 

material properties will need to be retested as they vary by printer model.

Additive manufacturing has been most often utilized as a method for rapid prototyping. In this sense, 

3D printing has been used in numerous CubeSat projects. The prototypes can be used to visualize the design, 

work out system integration issues, configure the components, or just be used as a model for display purposes.

After the printed parts are created and the design has been set the parts can then be manufactured out of 

traditional materials. Figure 5 below shows some examples of prototyped CubeSats.

Figure 5: 3D-Printed CubeSat Prototypes (NASA)
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A 3D-printed CubeSat was designed and analyzed to see if it meets the standard requirements for a 

CubeSat. There are several unknowns about 3D printing that needed to be addressed prior to design.  A set of 

standard material properties of 3D-printed ABS has not been universally accepted.  Material testing will be 



and accurately without any warping, layer separation or dimensional errors.  A set of design constraints 

relevant to CubeSat models needs to be created. The approach for developing these design tools is split in two 

studies: material properties of 3D-printed ABS plastic and limitations of 3D-printed features.

The second phase of the project is the design the 3D-printed CubeSat.   A design will be created using the 

material properties and design features determined during the first phase. The design will then be analyzed and

tested to determine if it will meet the requirements for launch and deployment.  
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A material standard for 3D-printed ABS does not exist since it has yet to be accepted as a conventional 

method for fabricating plastic parts.  Furthermore, industry standards for testing for the material properties of 

3D-printed parts have not been published.  The same approach used to determine the material properties of 

molded plastic will be used for 3D-printed ABS.  The ASTM D 638 tensile testing standard specifies the 

method for determining the yield strength of a plastic using a Universal Test Machine.  This process is 

followed to find the material properties of printed dogbone samples and the results will be used for the design 

of the 3D-printed CubeSat. The results are compared to published material properties for other 3D-printed 

materials to verify that the results are valid.
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Extrusion based 3D printing is not the most accurate nor most versatile additive manufacturing 

technique in the industry, particularly with lower end models that do not have the ability to print support 

structure.  Fabrication testing was performed to determine the limits of 3D-printing.  Areas of interest are 

minimum wall thickness and tolerances. Each of these features is printed over a range of sizes to determine the

limits for manufacturing. A design envelope can then be created from the gathered information.
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A 1U CubeSat will be designed using commercially available components and a 3D-printed structure.  

This will allow for a basic design to prove the concept of a 3D-printed CubeSat.  All the systems required for a

small satellite including an electrical power supply (EPS), transceiver, flight computer, solar panels and 
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Figure 6:  ASTM D 638 Dogbone Test Coupon [9]

Figure 7: Instron Universal Test Machine, SJSU Materials Lab
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ABS being the rating on the raw feedstock material prior to printing.  Both the horizontal and vertical tests 

show the average of the samples tested.

 







    





The preliminary 3D-printed CubeSat design contains standard low cost off the shelf CubeSat components. 

The electrical power system (EPS), flight module, transceiver, and solar panels are catalog components from 

Pumpkin, Inc. and Clyde Space.  The structure is custom designed to be manufactured using an FDM printer.  

Figure 13: 3D-Printed CubeSat Design

The Pumpkin FM430 Flight Module is a single board computer for harsh environments.  The module 

controls Command and Data Handling (C&DH), Communications (COM), mass storage and power switching.

The board requires a 5V power input to power its 16-bit microcontroller, temperature sensors, clocks and 3.3V

I/O.  The module contains a 104-pin connector for stacking boards.  A model of the FM430 is shown in Figure 

14.

Figure 14: Pumpkin FM430 Flight Module

The Linear EPS Module from Pumpkin is a rechargeable electrical power system for CubeSat kits.  It 

provides a regulated 5V and 3.3V power supply using two 1500mAh Li-Poly batteries for a total of 11Wh of 

power.  The stackable design, shown in Figure 15, eliminates the need for additional wiring between boards.  

The module also interfaces with the Solar Array to recharge the batteries.
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Figure 15: Pumpkin Linear EPS Module





Figure 19: 3D-Printed CubeSat CAD Design
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Upon completion of the 3D-printed CubeSat design the satellite was able to be immediately printed.  

Additionally, each of the off the shelf components including the EPS, Flight Module, Modem and 4 solar 

panels were printed to use as models for fit checks and orientation.  The professional-grade Stratasys Elite 





9.1.2 Dimensions

The CubeSat Acceptance Checklist (CAC), as shown in Appendix B, has a set of dimensional and 

design requirements that must be met by each satellite unless a deviation waiver is submitted.  The width of 

the 1U CubeSat must be within 100±0.1mm and the height 113.5±0.1mm.  An inspection of the 3D-printed 

CubeSat showed the width to be 99.9mm and the height 113.8mm.  While the height of the rail is out of 

tolerance, that could be remedied by reducing the dimensions in the CAD or by simply cutting off 0.3mm from

the top of each rail.  
The surface finish of ABS is not applicable as plastic has a much lower coefficient of friction and 

would slide more easily than aluminum.

9.1.3 Launch Loads

The launch loads are taken from the general launch vehicle loads as defined by NASA per SSP 50835. 



EPS card slot and the model material was set as steel.  The structure and door were given custom material 

properties using the material testing data and a tensile strength of 11.6MPa.  

Figure 21: 1 kg Simulated Payload

A polygonal mesh was created of the CubeSat structure and the simulated payload, see Figure 22.  The 

mesh included 39239 nodes and 20176 elements.  The model was fixed on the bottom face of each of the rails 

and all components were bonded together.  
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Figure 22: 3D-Printed CubeSat Mesh

The four cases showed similar results for maximum stresses as well as displacement, see Table 4.  The 

maximum Von Mises stresses were between 8.2 – 8.6 MPa which were concentrated at the base of each rail 

near the constrained face, see Figure 23.  Other areas of high stress were no more than 3 MPa, which is below 

the materials yield strength.  Maximum displacement is 0.105 mm and is located at the top of the CubeSat.  

Max Von Mises Stress Max Displacement

Case 1 8.2 MPa .104 mm

Case 2 8.4 MPa .105 mm



Figure 23:  Von Mises Stresses, Top Row - Case1, 2, Bottom Row - Case 3, 4

32



 "!" ����������

The research and sample models printed point towards the feasibility of a functional 3D-printed CubeSat. 

While the wall thickness would be thicker than a similar aluminum structure, the ability to customize at low 

manufacturing cost can offset that design constraint.  ABS is a very common, low end material for 3D 
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Figure 24: CubeSat Specification Drawing
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Figure 25: CubeSat Acceptance Checklist
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