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Abstract

Additive manufacturing (AM) is an emerging manufacturing process that is transforming the
aerospace industry by creating lighter, stronger and more complex components which were difficult
or impossible to fabricate by traditional methods. Continuous development of design optimization tools
which estimate the optimal material distribution for a given problem, such as topology optimization
(TO), has fostered the production of parts by AM. The combination of AM with TO is beneficial for the
aerospace industry as it presents an opportunity for weight and cost saving, while taking full advantage
of both technologies. The purpose of this master’s dissertation is to develop and optimize a 1U CubeSat
Mechanical Subsystem for further production by AM. The procedure adopted for the design of CubeSat
began with the determination of project requirements, based on the CubeSat Design Specifications, the
P-POD container and the Vega launcher. The structure was optimized and a finite element analysis was
carried out to verify if the CubeSat is able to sustain the linear static loads during launch. Following
the production of the optimized component, experimental tests were performed to validate the design
and computer analysis. The optimized structure presents considerable weight reduction as well as a
decrease in the number of components required.
Keywords: CubeSat, Additive Manufacturing, Topology Optimization, Finite Element Method,
Aerospace Industry

1. Introduction

The aerospace industry is continuously seeking for
innovation and technological progress to efficiently
address not only the major challenges of producing
high performance products but also the society’s
yearning for innovation. Consequently, the indus-
try’s need for complex and optimized structures led
to the introduction of AM in the aerospace sector
[1].

In recent years, AM has gained increased atten-
tion due to the several advantages it offers, such
as: production of components with complex geome-
tries, design freedom, customization, reduction of
waste and tooling, among others [2]. One of the
primary benefits for the aerospace industry is the
production of lightweight parts since the reduction
of the overall weight of an aircraft translates in fuel
savings and, consequently, in less costs and emis-
sions.

The fast-growing field of TO is of special interest
to the aerospace industry since it enables the cre-
ation of components with reduced structure volume,
weight and cost. Nevertheless, traditional manufac-
turing processes frequently fail to achieve the de-

signs that result from TO application and therefore
AM, for its design freedom and lack of manufacture
constraints, emerges as a particularly suited manu-
facturing process to take full advantage of TO de-
sign. Consequently, the combination of TO as a de-
sign method and AM is beneficial for the aerospace
industry as it presents an opportunity for weight
saving and eventually less manufacture costs.

In the past decades, there has been a growing
development of missions based on small satellites
which led to the development of the CubeSat con-
cept. The CubeSat program was developed in 1999,
as a collaboration between the California Polytech-
nic State University and Stanford University. Since
the launch of the first CubeSat, several government
agencies, like the European Space Agency (ESA),
the National Aeronautics and Space Administra-
tion (NASA) and others, adopted the CubeSat stan-
dard and so encouraged the growth of CubeSat-
based missions [3]. Despite the intrinsic challenges
to CubeSat missions that still need to be addressed,
new research and technological advances will con-
tinue to drive the space industry to invest in the
utilization of CubeSat platforms both for commer-
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cial and scientific purposes [4].
This work aims to develop and optimize the 1U

CubeSat mechanical subsystem and to manufacture
the first prototype of the structure with AM, with
the support of CEiiA.

2. Background
This chapter provides a review of theoretical con-
cepts relevant to this study, being fundamental to
create a foundation for the research work carried
out in this dissertation.

2.1. Additive Manufacturing
AM, also known as 3D printing, is a ”process of
joining materials to make objects from 3D model
data, usually layer upon layer, as opposed to sub-
tractive manufacturing methodologies”, as defined
by the American Society for Testing and Materials
(ASTM). AM processes may be categorized with re-
spect to the material feedstock, heat source,the de-
position technique, amongst others [5]. Currently,
metals are one of the most commonly used materi-
als in AM. Metal Additive Manufacturing (MAM)
is an attractive alternative to traditional processes
as it presents numerous benefits for a wide range
of applications and can be used in several markets
to solve different problems in a rapid and sustain-
able way. Some of the main advantages of MAM
include: production of components with complex
geometries and shapes, reduction of the number
of parts in a product, manufacture of lightweight
parts, customization, and so forth. Powder Bed Fu-
sion (PBF) is one of the most relevant MAM pro-
cesses and one of its techniques, the Selective Laser
Melting (SLM), will be discussed in this work. SLM
is a PBF technology in which a high powered laser
is used to melt metallic powders to build up the
part, in agreement with the information provided
by a CAD file [5].

2.2. Structural Analysis
The Finite Element Method (FEM) is a numerical
approach used to determine the approximate solu-
tion of differential equations that describe a physi-
cal phenomenon on a defined domain [6]. The main
goal of FEM is the discretization of a continuous
system into finite elements, connected by nodes,
generating the finite element mesh. The calcula-
tion is performed at the nodes, which are coordi-
nate locations in space where the degrees of freedom
(DOF) are defined. The number of DOF depends
on the type of element and the type of analysis [7].

2.2.1 Linear Static Analysis

For the case of static analysis, the force must show
no variation with respect to time, and equilibrium
conditions must be achieved, with the summation
of all external forces and moments being equal to

the internal reaction forces and moments. The basic
finite element equation to be solved for structures
experiencing static loads can be defined as:

[K] · {u} = {F} (1)

whereK is the global stiffness matrix of the struc-
ture, u is the displacement vector and F is the ex-
ternal forces vector applied to the structure. This
equation expresses the equilibrium between exter-
nal and internal forces [7].

2.3. Topology Optimization
The general TO problem can be written in mathe-
matical form as:

Minimize F (u(ρ), ρ) =

∫
Ω

f(u(ρ), ρ)dV

w.r.t. ρ , (2)

subject to G0(ρ) =

∫
Ω

ρ(x)dV − V0 ≤ 0

Gj(u(ρ), ρ) ≤ 0, j = 1, ...,m (3)

ρ(x) = 0 or 1∀ x ∈ Ω ,

where F is the objective function to be minimized,
Ω is the design domain, G0 is a volume constraint,
Gj are other possible constraints, ρ(x) is the mate-
rial distribution, f is a local function and u is the
state field which satisfies the state equation. The
optimization problem consists in finding the mate-
rial distribution, ρ(x), that minimizes the objective
function F , subject to the a volume constraint G0

and m other possible constraints Gj [8, 9].
The method addressed in this dissertation is a

density-based method called Solid Isotropic Mate-
rial with Penalization (SIMP). The SIMP method
keeps a fixed finite element discretization where
each finite element is associated with a density dis-
tribution ρ(x) whose value lies between zero (void)
and one (solid) [9]. In the SIMP approach the re-
lation between the density design variable and the
material property is given by:

Ee(ρ(x)) = ρ(x)p · E0 (4)

where p is the penalization parameter, E0 is the
elastic modulus of solid material and the Ee(ρ(x))
is the element elastic modulus [8]. The penalization
parameter p is imposed to every element’s stiffness
as follows:

Ke = ρ(x)p ·K0 (5)

where where Ke is the stiffness of the element,
p the penalization parameter and K0 is the stiff-
ness of the material [10]. According to [10],the low-
est allowable penalization parameter p for a three-
dimensional analysis is three and can be defined as:
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p ≥ max{15
1− υ0

7− 5υ0
,

3

2

1− υ0

1− 2υ0
} (6)

where υ0 is the Poisson ratio of the material.

2.4. Small Satellites

In the past decades, there has been a growing devel-
opment of missions based on small satellites which
led to the development of the CubeSat concept.
The CubeSat program was developed in 1999, as
a collaboration between Prof. Jordi Puig-Suari,
from California Polytechnic State University, and
Prof. Bob Twiggs, from Stanford University. As
stated in the CubeSat Design Specification (CDS),
“a CubeSat is a 10 cm cube with a mass of up
to 1.33 kg”. They are measured in units U =
10× 10× 10 cm3 and this form factor ranges from
1U up to 12U, although new configurations are un-
der development [11]. CubeSats are progressively
transitioning from educational tools and technology
demonstrating platforms to real science or commer-
cial missions, creating the opportunity for missions
with high scientific return or revenue and with less
costs than traditional missions [12]. The Poly Pi-
cosatellite Orbital Deployer (P-POD), developed by
the California Polytechnic State University, was se-
lected as the CubeSat’s container. The P-POD is
a standard deployment system whose primary goal
is to provide a common interface between CubeSat
and launch vehicle [13]. The Vega launch system
was adopted as the CubeSat’s launcher. Vega was
developed by ESA and the Italian Space Agency,
with the goal of launching small satellites for scien-
tific and Earth observation missions [14].

2.4.1 General System Architecture

A CubeSat can be divided into three segments:
the ground segment, the launch segment and the
space segment, according to Figure 1. First, the
ground segment comprises the communication be-
tween the vehicle and the ground station. Secondly,
the launch segment includes the launch vehicle re-
sponsible for the transportation of the spacecraft
to orbit. Lastly, the space segment can be split
into two modules: the payload and service module.
The payload module covers all the equipment spe-
cific for the mission and the service module com-
bines the subsystems necessary for its operation.
The service module consists of 6 subsystems: the
Mechanical Subsystem and Structures (MSS), the
Thermal Control Subsystem (TCS), the Electri-
cal Power subsystem (EPS), the Attitude Determi-
nation and Control subsystem (ADCS), the Com-
mand and Data Handling subsystem (CDH) and the
Telemetry, Tracking and Control subsystem (TTC)
[15].

Figure 1: Architecture Diagram of the CubeSat
System [15]

3. Implementation
The challenge of this work is to develop and op-
timize the 1U CubeSat mechanical subsystem to
be further manufactured by AM and used in fu-
ture space missions. When designing a new satellite
structure various regulations must be considered in
order to guarantee that the final design will fulfill
all of its objectives. The 1U CubeSat project re-
quirements were divided into Mission requirements
and Design requirements, set in accordance with the
CubeSat Design Specifications [11].

4. Results
Initially, an analysis of the current 1U CubeSat
structure solution proposed by CEiiA was per-
formed. The developed structure is composed of an
Al7075 aluminum alloy, weighs approximately 85g
and consists of six components: four ribs and two
side frames, as depicted in Figure 2.

Figure 2: Current 1U CubeSat Structure Solution

The structure developed by CEiiA was designed
to be manufactured by conventional methods. How-
ever, the new solution is to be manufactured by AM,
with the ultimate goal of minimizing the weight or
the number of parts through an innovative assem-
bly configuration. Hence, the new structure was
divided into two L-shaped components and has in-
corporated drawers to hold the electronic compo-
nents inside the CubeSat, as shown in the Figure
3. After the integration of all the service module
subsystems and the design of the mechanical sub-
system, the preliminary design of the 1U CubeSat
structure was concluded.
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Figure 3: Assembly of the proposed 1U CubeSat

4.1. 1U CubeSat Topology Optimization
The Autodesk Fusion 360 software was used to to
perform the TO of the new 1U CubeSat structure.
Considering that Fusion 360 does not allow the TO
of assemblies, the two L-shaped components were
united in CATiA so as to form a single solid capa-
ble of being subjected to simulation. The previously
defined geometry underwent through some changes
and the proposed new model weighs 0.202kg, as por-
trayed in Figure 4.

Figure 4: 1U CubeSat model before TO

The first step of the TO process was to define
the material under study. Thereby taking into ac-
count the design requirements mentioned earlier,
Aluminum AlSi10Mg was the material chosen to
produce the parts. The mechanical properties of
the powder, printed at 0o, were introduced into the
material library of Fusion 360.

Secondly, the loads and point masses were speci-
fied. The structural subsystem must resist the lon-
gitudinal and lateral loads imposed by the VEGA
launcher during all the phases of ascension. As
stated in the Announcement of Opportunity on a
Vega Flight [16], the CubeSat will experience the
highest accelerations during the launch sequence:
14.5g in compression and 10.5g in tension, both in
the y axis; 3g in the x and z axis, both in compres-
sion and tension, as shown in Figure 5. Addition-
ally, it was essential to calculate the positions of the
center of gravity of each electronic component and
its attachments to the structure. Thus, considering
the physical characteristics of each electronic com-
ponent the respective equivalent point masses were
assigned within the model.

In the third place, the constraints must be ap-

Figure 5: Loads acting on the CubeSat inside the
VEGA launcher

plied to the structure. The CubeSat will be simply
supported since it is not fixed inside the P-POD and
solely its rails touch the deployer. Accordingly, for
each gravity load, constraints were applied on sur-
faces opposite to the movement, blocking it in that
direction, and the rails vertices were constrained in
the other two directions to avoid infinite displace-
ment of the part. Furthermore, as the simulation
will remove material from the model, it is required
to ensure that material will remain present around
critical areas of the model. In this way, the areas
of material to be preserved in the structure were
determined. With respect to 1U CubeSat, the crit-
ical zones that must be preserved are the rails, the
edges, the holes in the drawers to secure the elec-
tronic components and the holes in the CubeSat
walls to accommodate the solar panels.

Moreover, the mesh element type and size were
determined. The creation of the mesh is essential to
the finite element analysis because the quality of the
mesh directly influences the quality of the results
generated. For this model, parabolic tetrahedral el-
ements with curved edges were chosen, composed
of four triangular faces and six edges each. Subse-
quently, the smallest possible size was assigned to
the mesh as the simulation was performed in the
cloud, which allowed to greatly reduce the compu-
tation time and simultaneously increase the mesh
quality.

Eventually, the target mass was set to 50% and
results were obtained in terms of load path critical-
ity. The load path criticality is a discrete variable
ranging from 0 to 1, with 1 representing red regions
in the model that are critical in resisting the applied
load and 0 representing blue regions that are not
critical in resisting the applied load. The load path
criticality results were reviewed for all the gravity
loads mentioned above. By way of example, both
the first and final results for the 14.5 g gravity load
are illustrated in Figures 6 and 7, respectively.

As evidenced in the Figures 6 and 7, the first
result presents the original model with 0.202 kg
whereas the last result shows the new developed
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Figure 6: First result of the TO

Figure 7: Last result of the TO

model with 0.099 kg, thereby achieving the goal of
weight reduction through TO. Once the result de-
picted in Figure 7 is accepted, the mesh generated
will be used as a template for making modifications
to the original geometry. In fact, the mesh is ex-
ported to the design workspace and is automatically
superimposed on the original model design, as illus-
trated in Figure 8. Then, closed sketch objects are
created around the material to be removed and after
cut out to leave only the required geometry. Lastly,
the final model developed from the last result of the
TO is presented in Figure 9.

Figure 8: Mesh superimposed on the original model

Comparing the new solution with the structure
initially proposed by CEiiA, which weighs 85g, a
mass increase of 16% is noticed. However, consid-
ering that the drawers incorporated in the new so-
lution replace the rods used for mounting the nan-
odocks, according to the PC/104 staking method,
and these in turn weigh 20g in total, this means that
actually there is a mass reduction achieved with the
new solution. Bearing in mind that the structure
proposed by CEiiA together with the rods would
approximately weigh 105g and that the new devel-

Figure 9: Model developed on Fusion 360

oped solution, which integrates the drawers that re-
place these rods, weighs 99g, there is actually a 6%
mass reduction. Besides, with the new solution,
the number of components has decreased from six
to two. Consequently, it can be concluded that the
new solution accomplishes both weight and com-
ponent reduction of 6.0% and 66.7%, respectively.
In conclusion, with TO was possible to achieve a
lighter structure and with fewer assembly compo-
nents, which is of the utmost importance in the
space industry, where there is a growing interest
in optimizing structures in terms of weight [17].

4.2. 1U CubeSat Structural Analysis
A static stress analysis is required to verify if the
final model meets the design requirements. For this
reason, to validate the model obtained it is indis-
pensable to simulate its behavior when the critical
loads are applied, in order to verify that no fail-
ures occur during its use. Accordingly, Autodesk
Fusion 360 software was used to perform the static
stress study.

The first step of the static stress analysis was to
define Aluminum AlSi10Mg as the material under
study, introducing the mechanical properties of the
powder into the material library of Fusion 360 .

Next, the forces and respective constraints were
applied to the 1U CubeSat structure. Besides the
six gravity loads formerly described in the Figure
5, a seventh simulation was performed in which the
gravity load vector was defined as the sum of 14.5g
on the y axis, 3g on the x axis and 3g on the z axis.
This last simulation represents the case that will
probably be more critical for the 1U CubeSat struc-
ture since the satellite is subjected to the greatest
gravity load vector possible [16].

Prior to the simulation it was necessary to deter-
mine the mesh parameters. As already discussed
the elements used in Fusion 360 are parabolic
tetrahedral elements with curved edges and it is es-
sential to estimate their most suitable size for the
1U CubeSat model. From this perspective, a mesh
convergence study was conducted to ensure the ac-
curacy of simulation results. The entire CubeSat
structure was used for the convergence study and
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the 14.5 g gravity load was chosen. In order to
find the dimensions of the mesh for which the dis-
placement and stress values converge, various ele-
ment sizes were considered from 0.5t to 1.5t, where
t = 1 mm is the minimum model thickness. When
performing the mesh convergence study, the dis-
placement and stress comparison were based on a
consistent vertex of the geometry since the mesh
may be different for each iteration. The results
of the mesh convergence study for both the dis-
placement and stress are shown in Figures 10 and
11. Eventually, the displacement and stress results
level off when the mesh element number is around
1500000, corresponding to 0.5t. Ultimately, further
mesh density increase would have a diminishing ef-
fect on the results and a higher computational time,
so a mesh with parabolic tetrahedral elements with
0.5 mm side was created.

Figure 10: Mesh Convergence Study - Displacement

Figure 11: Mesh Convergence Study - Von Mises
Stress

After all the conditions were established, the sim-
ulation was solved and results in terms of stress,
displacement and safety factor were obtained.

4.2.1 Stress Distribution

In Fusion 360, the solver outputs six stress ten-
sors and three combined stress results, known as
Von Mises Stress, 1st and 3rd Principal Stresses.
Usually, the multidirectional stress tensors are com-
bined into an equivalent stress magnitude, the Von
Mises stress, σv. The Von Mises stress can be de-
scribed by the following equation:

σv =

(
(σxx − σyy)2 + (σyy − σzz)2 + (σzz − σxx)2

2

= +3 · (σ2
xy + σ2

yz + σ2
zx)

)0.5

(7)

This equation is applicable to isotropic materi-
als, which have the same modulus of elasticity E
and Poisson’s ratio υ for loads applied in any direc-
tion. In order to predict failure in the 1U CubeSat
structure the Von Mises stress will be compared to
the yield strength of the Aluminum AlSi10Mg.

Following the simulation of the seven gravity
loads aforementioned, it was confirmed that the sev-
enth simulation is the most critical scenario for the
1U CubeSat structure since it presents the higher
Maximum Von Mises Stress. Thus, the stress re-
sults of the seventh simulation are portrayed in Fig-
ure 12.

Figure 12: Stress distribution

As evidenced in Figure 12, the model will reach a
maximum Von Mises stress of approximately 63.540
MPa, which is very localized and well above the av-
erage stress. In view of the fact that AlSi10Mg has
an average yield strength of 190 MPa and a ultimate
tensile strength of 330 MPa 1, both the average and
maximum stress, for all seven simulations, are well
below the yield strength of the material. Hence,
it can be concluded through the analysis that the
stresses to which the component may be subjected
will not cause material plastic deformation or even
fracture.

4.2.2 Displacement

In addition, it is important to investigate the results
in terms of the displacement of the 1U CubeSat
structure from its original position. Although the
previous results do not predict the existence of plas-
tic deformation, it is possible that there may be

1Information given by CEiiA’s supplier Trumpf
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a small elastic deformation of the material, recov-
erable after the removal of the gravity loads. Re-
garding the model displacement results, the seventh
simulation is illustrated in Figure 13 .

Figure 13: Displacement

Analyzing Figure 13, it is clear that when the
component is subjected to the greatest gravity load
vector possible, it may suffer a maximum displace-
ment of approximately 2.580×10−1 mm, relative to
its initial position. As would be expected, this dis-
placement will occur in the side wall where the loads
are applied and the farthest from its fixed area. On
the contrary, moving towards the wall where the
constraints are applied, the displacement decreases
until it reaches zero. This gradual reduction in dis-
placement, from the surface where the forces are
applied to the surface where the constraints are ap-
plied, is verified for all the other simulations. Be-
yond this, it may be concluded that the maximum
displacements computed can be considered negligi-
ble since there is no occurrence of plastic deforma-
tion and the structure shows no permanent defor-
mation even when the expected maximum forces are
applied.

4.2.3 Safety Factor

The safety factor describes how much stronger a
system is than it is required for a predefined load,
thus assessing how suitable a design is for its in-
tended application. In Autodesk Fusion 360, the
safety factor is calculated as the ratio of the ma-
terial yield strength and the Von Mises equivalent
stress, specifying whether the design is likely to
bend or break when submitted to the applied loads:

SF =
Material Y ield Strength

V on Mises Stress
(8)

The safety factor results are extremely relevant
because, in the real world, all aspects of the design
present some degree of uncertainty and therefore
a factor of safety is imperative. In this manner,
the minimum safety factor results for the seventh
simulation represented in Figure 14.

Figure 14: Safety factor

Generally, the greater the risk of component fail-
ure the greater the safety factor should be. In the
present case, the highest risk that could result from
the 1U CubeSat structure failure would be to jeop-
ardize the mission objectives. Taking into account
that NASA and the aerospace industry have strict
guidelines for design factors, the choice of safety
factor for this project was based on their standards
[18]. However, considering that several assump-
tions were made throughout the simulations, the
selection of the safety factor was even more con-
servative. In this way, the minimum safety fac-
tor for the 1U CubeSat structure was defined as
2.0. Examining the Figure 14, it is clear that the
1U CubeSat structure has an average safety factor
higher than 6, which is more than necessary to en-
sure that this component resists the predefined crit-
ical loads. Nonetheless, it should be noted that the
lowest safety factor found was 2.99. As expected,
the lowest safety factor was obtained in a small area,
identified in the Figure 14, coincident with the re-
gion in which the highest accumulated stresses were
observed in the Figure 12. Overall, the results ob-
tained for the safety factor are considered accept-
able, since practically the whole volume of the 1U
CubeSat mechanical subsystem has a safety factor
greater than 6, and even the areas below this value
have a safety factor bigger than 2 and which al-
lows them to handle loads 2.99 times higher than
the predefined critical loads. Finally, after verify-
ing all the results provided by the finite element
analysis performed, it can be concluded that the
1U CubeSat mechanical subsystem is validated in
terms of stress,displacement and safety factor.

4.3. Manufacturing Process Simulation

AM process simulation is an innovative and neces-
sary tool to fully exploit the potential of AM since
errors associated with this manufacturing technol-
ogy can be predicted and further reduced.

After the structure has been validated, a simula-
tion of the manufacturing process was performed to
predict the outcomes of printing the 1U CubeSat
structure using SLM. Amphyon was the software

7



selected to simulate the manufacturing process.
In order to simulate the manufacturing process

it was first necessary to select AlSi10Mg as the
material and specify its properties in Amphyon’s
workspace. Likewise, the TruPrint 3000 machine
was selected to produce the 1U CubeSat struc-
ture and its parameters were defined in Amphyon’s
workspace. Next, the assessment tool of Amphyon
was used to determine the ideal orientation of the
1U CubeSat structure within the Trueprint 3000
build-chamber and two optimal orientations were
generated, as represented in Figure 15.

Figure 15: Optimal orientation results with Am-
phyon

Afterwards, the Amphyon support generation
tool was used to create the support structures that
are adapted to the specific needs of 1U CubeSat
model. Subsequently, the supports were created as
shown in Figure 16.

(a) First orientation (b) Second orientation

Figure 16: Generated supports in Amphyon

Upon completion of the manufacturing process
simulation, displacement and stress results were ob-
tained. The displacement results represent the dis-
tance that the component moves in relation to the
original geometry at a given point in the manufac-
turing process. The displacement generated during
manufacture is due to internal stresses accumulated
in the components, which, in turn, are created by
the expansion and contraction of the material due to
the large thermal gradients inherent to the process.
The largest displacements computed were 2.72 mm
and 2.83 mm for the first and second orientation,
respectively. By analyzing the results, one can con-
clude it is still possible to decrease the displacement
of the component by, for example, pre-heating the
chamber, the manufacturing platform and the metal
powder. The stress results provided by Amphyon

describe the stress experienced by the component
after manufacture and which can eventually lead to
structure failure. Usually, component failure is as-
sociated with the displacement generated by accu-
mulated residual stresses in the component. In gen-
eral the structure presents stresses below the yield
strength of the AlSi10Mg but in some small re-
gions the maximum stress is above yield strength
and thus the structure failure is confirmed for both
orientations. In order to address this problem and
improve the manufacturing process, one solution
would be to create more robust and resilient support
structures since they would allow an improvement
in heat transfer to the manufacturing platform, sig-
nificantly reducing the stresses caused by thermal
gradients. Another suggestion would be to preheat
the chamber, work platform and metal powder to
reduce the thermal gradients caused by the process,
and consequently, the internal stresses.

4.4. Production Process
Tensile tests were performed to characterize the
behaviour of the powder material and to verify
if the mechanical properties of AlSi10Mg previ-
ously assumed are similar to the real values ob-
tained in the experimental tests. In this way, nine
specimens were manufactured by Trumpf accord-
ing to the ASTM Standard E8/E8M-13a [19]. The
first batch consisted of four specimens without heat
treatment whereas the second batch was composed
of five heat treated specimens, both with orienta-
tions at 0◦, 45◦ and 90◦. The tensile tests were
performed according to the ASTM E8M standard
on the Instron 3669 machine and an extensometer
was used to measure the elongation δ of the spec-
imens. Afterwards, the Elastic modulus, E, the
yield strength at 0.2 per cent of elongation, σ0.2,
and the tensile strength, σm, were estimated based
on the stress-strain curves obtained in Figures 17
and 18.

Figure 17: Stress-strain curves for heat treated
specimens

The mechanical properties of the AlSi10Mg pow-
der, used in the TO and in the structural analysis
to validate the 1U CubeSat structure, were defined
for powder printed at 0◦ and without heat treat-
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Figure 18: Stress-strain curves for as-fabricated
specimens

ment. For this reason, it is relevant to analyze the
results obtained for the specimens printed with a
0◦ orientation and without heat treatment. Table
1 shows the mechanical properties of the powder
produced by Trumpf (A), the average of the exper-
imental values obtained for specimens printed at
0◦ and without heat treatment (B), and the error
between these values. Observing the Table 1 it is
possible to conclude that the values of the yield and
tensile strengths, σ0.2 and σm, are acceptable con-
sidering that they present a small error of approxi-
mately 2% when compared to the values proposed
by Trumpf. On the contrary, the value of the mod-
ulus of elasticity E obtained in the tests shows a
slightly considerable error of about 7%.

E [Mpa] σ0.2 [Mpa] σm [Mpa]

A 75000 190 330

B 70075.50 186.38 336.84

Error [%] 6.57 1.91 2.07

Table 1: Mechanical properties comparison

In light of this, a static stress analysis was run
to verify whether the difference in the mechanical
properties would have significant consequences for
the stability of the structure of the 1U CubeSat.
For this purpose, the simulation was again run for
the seventh simulation, where all loads are applied
to the structure. As can be seen in Figure 19, the
change in the mechanical properties of the material
only creates slight differences in the displacement
and safety factor results. Despite the results pre-
sented, it is concluded that the difference in me-
chanical properties is not sufficient to affect the va-
lidity of the simulations previously performed. In
conclusion, the finished parts are depicted in Figure
20.

5. Conclusions
This dissertation aimed to develop and optimize an
original structure for the 1U CubeSat, with the ulti-
mate goal of minimizing the weight and the number
of parts. Firstly a literature review was conducted

(a) Stress

(b) Displacement

(c) Safety Factor

Figure 19: Static stress analysis with new mechan-
ical properties

on the most important concepts behind the pro-
cesses that supported this work. Secondly, an in-
vestigation of the mission and design requirements
was carried out and a preliminary design of the 1U
CubeSat was accomplished on CATIA. Addition-
ally, a TO was performed and the optimized struc-
ture obtained presents both weight and component
reduction of 6.0% and 66.7%, respectively. Then,
a FEM structural analysis was executed to verify
if the CubeSat is able to sustain the launch loads,
validating the 1U CubeSat. Prior to the production
of the structure, a simulation of the manufacturing
process was performed to predict the outcomes of
printing the 1U CubeSat structure using SLM. Fi-
nally, a new optimized structure of the 1U CubeSat
was successfully produced by AM and experimen-
tal tests validated the mechanical properties used in
the computer analysis, which confirmed the success
of the design and the successive steps that led to its
production.

Ultimately, further work can be done to improve

9



Figure 20: Finished parts

the process of developing, optimizing and producing
a 1U CubeSat structure. The first step in the future
work must be the analysis of the 1U CubeSat struc-
ture with the real subsystems inside the CubeSat as
their presence will affect the stiffness of the struc-
ture and the design may have to be revaluated.
Moreover it is indispensable that transient, random
vibrations, and thermal analysis are performed.
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