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ABSTRACT
This thesis explores the innovative design and implementation of a 3D-printed structural
frame for the Mission KOSTKA CubeSat, developed by the YSpace university team.
Utilizing advanced additive manufacturing technologies�Selective Laser Melting (SLM)
and Direct Metal Laser Sintering (DMLS)�this research aims to optimize the CubeSat
frame for enhanced structural integrity, reduced mass, and compliance with stringent
aerospace standards. The design process involved iterative enhancements informed by
simulation analyses, which identi�ed critical stress points and guided modi�cations to
improve load distribution and material e�ciency. Experimental validation con�rmed the
structural integrity of the frame under simulated launch conditions, demonstrating the
frame's compliance with the requirements of the launch provider and mission objec-
tives. This work not only validates the feasibility of 3D printing for satellite structure
manufacturing but also sets inspiration for future similar designs.

KEYWORDS
3D print, CubeSat, structure, additive manufacturing, design, random vibration, Quasi
static loads, sinus

ABSTRAKT
Tato diplomová práce zkoumá inovativní návrh a implementaci 3D struktury pro CubeSat
misi KOSTKA, kterou aktuáln¥ vyvíjí univerzitní tým YSpace. S vyuºitím pokro£ilých
technologií aditivní výroby - selektivního laserového tavení (SLM) a p°ímého laserového
spékání kov· (DMLS) - si tato práce klade za cíl optimalizovat strukturu CubeSatu zvý-
²ením strukturální integrity, sníºení hmotnosti a vyhov¥ní standard·m a poºadavk·m.
Proces návrhu zahrnoval iterativní vylep²ení na základ¥ analýz, které identi�kovaly kri-
tické body nap¥tí a vedly k úpravám pro zlep²ení rozloºení zatíºení a minimálního vyuºití
materiálu. Výsledné simulace potvrdily strukturální integritu rámu v simulovaných pod-
mínkách startu, coº dokazuje, ºe rám spl¬uje poºadavky poskytovatele startu a cíle mise.
Tato práce nejen dokazuje proveditelnost 3D tisku pro výrobu struktur cubesat·, ale také
bude sloºit jako inspirace pro budoucí designy.

KLÍƒOVÁ SLOVA
3D tisk, CubeSat, struktura, aditivní výroba, design, náhodné vibrace, Quasi static loads,
sinus
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ROZ’Í•ENÝ ABSTRAKT

Tato diplomová práce prezentuje vývoj a testování 3D ti²t¥né struktury pro 1U

CubeSat, prezentovaný pod jménem KOSTKA, který je momentáln¥ ve vývoji uni-

verzitním týmem YSpace. S d·razem na integraci technologií aditivní výroby se

práce zam¥°uje na optimalizaci konstruk£ního designu za ú£elem zvý²ení strukturální

integrity, sníºení hmotnosti a zaji²t¥ní souladu se strukturálními poºadavky posky-

tovatele startu, integrátora mise a samotné mise.

Konstrukce rámu byla iterativn¥ optimalizována prost°ednictvím °ady modi�kací

designu skrz simulace, které zd·raznily kritické body nap¥tí a poukázaly na místa

ve kterých je nutné rozloºit zatíºení. D·raz byl také kladen na minimalizaci pouºití

materiálu bez ovlivn¥ní strukturální integrity. Pouºití technologií Selective Laser

Melting (SLM) a Direct Metal Laser Sintering (DMLS) usnadnilo výrobu sloºitých

geometrií, kterých by tradi£ní výrobní metody nedosáhly.

Výsledné simula£ní testování zahrnovalo vystavení prototypu sérii náhodných

vibrací a kvazistatickému zatíºení, aby do²lo k co moºná nejbliº²ímu simulování

podmínek, které m·ºe CubeSat zaºít b¥hem fáze letu.

Simulace validovaly sprvný design struktury a její vyhov¥ní v²em p°edepsaným

poºadavk·m. Samotná práce nejenom demonstruje proveditelnost pouºití 3D tisku

pro struktury CubeSat·, ale také p°ispívá k probíhajícímu vývoji KOSTKA a stanovuje

precedensy pro budoucí design struktur.
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Introduction
In the past decade, the �eld of spacecraft engineering has experienced a signi�cant

paradigm shift with the introduction of CubeSats�compact, standardized, and cost-

e�ective satellites that have transformed access to space. This progress is notably

crucial as it empowers educational institutions, small businesses, and research or-

ganizations to engage in space missions without the prohibitive expenses typically

associated with satellite launches. A notable example in the Czech context is Mis-

sion KOSTKA, spearheaded by the YSpace university team. This initiative aims

to design, develop, and test not only the thermal heat switch and sun sensor but

also a 3D printed structure for a 1U CubeSat, utilizing the advanced capabilities of

additive manufacturing.

The rationale behind the adoption of 3D printing technology for CubeSat struc-

tures is its potential to decrease weight, maximize spatial e�ciency, and bolster

structural integrity�essential attributes given the rigorous conditions of space and

the launch environment.

This thesis outlines a detailed design process and test simulation phases that lead

to the creation of a functional 3D printed CubeSat frame speci�cally for Mission

KOSTKA. By chronicling the progression from concept to execution, this study not

only enriches the academic and practical realms of CubeSat technology but also

establishes a model for future student-led projects.

The subsequent sections of this thesis will delve into the design methodology, ma-

terial selection, and the distinctive bene�ts of implementing additive manufacturing

techniques in the aerospace sector. Furthermore, the thesis will explore design and

testing standards critical for satellite launches.
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1 Introduction to cubesats
CubeSats represent a class of nanosatellites that, due to their standardized design

and thus relatively low cost, have revolutionized access to space for academic insti-

tutions like ours, but also private companies, and government agencies. [1]

The CubeSat project started in 1999 as collaboration between California Poly-

technic State University (Cal Poly) and Stanford University. CubeSats were de-

signed to enable space research and education by providing a reliable, cost-e�ective

platform that could be developed with standardized dimensions. [1]

1.1 CubeSats

The standard CubeSat unit 1U is a 100mm cube (113,5x100x100 if accounting for

the rails) with a mass of no more than 2 kilograms (originally it used to be 1kg). This

modality allows CubeSats to be scaled up to larger con�gurations such as 2U, 3U,

or 6U and 12U by simply stacking multiple units together. The standardization of

CubeSat dimensions and form factors has been instrumental in signi�cantly reducing

the costs associated with space missions. [2]

Fig. 1.1: Current CubeSat size classi�cation
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Today the CubeSat are frequently used as technology demonstrator and their

cost-e�ectiveness is also re�ected in the high number of CubeSat launches each year,

as demonstrated in the accompanying chart. The graph shows the high growing

trend each year in the number of launched CubeSats. 1.2

Fig. 1.2: CubeSat launches by type per year [6]

Within the small satellite category, CubeSats fall into two groups based on their

mass: nanosatellites and microsatellites. [2]

Classi�cation Weight (kg)

Minisatellite 100-180

Microsatellite 10-100

Nanosatellite 1-10

Picosatellite 0.01-1

Femtosatellite 0.001-0.01

Table 1.1: Classi�cation of Small Satellites
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1.2 Deployers

CubeSats are deployed using devices known as dispensers, which house the satellites

and serve as the interface between the launch vehicle and the CubeSats themselves.

The dispenser is a rectangular box equipped with a hinged door and a spring

mechanism. In orbit, launch vehicle sends the deployment signal to the dispensor

and hinged door actuation mechanism opens them,this allows compressed spring

to extend and push the CubeSats along the rails and eject them from dispensor.

Additionally, the CubeSats are equipped with small separation springs that assist

in pushing them apart during deployment.

Dispensers are capable of accommodating CubeSats up to 12U and 24 kg in

mass. However, according to the latest CubeSat Design Speci�cation (CDS), this

capacity can be extended to accommodate 27U con�gurations weighing up to 54 kg.

[2]

(a) (b)

Fig. 1.3: Figure(a) (b) shows 12U cubesat dispensor from company EXOLAUNCH.

[3]
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Fig. 1.4: Integrated CubeSat dispensor on the Vega-C launch adapter with cantilever

mounting. [4]

1.3 Subsystems

This chapter delves into the various subsystems integral to the operation of Cube-

Sats. These subsystems are meticulously designed to operate within the constraints

of limited size and power availability, addressing the needs from basic structural

integrity to complex functionalities like communication and power management.

Each subsystem �from the Communication (COMM) system, which facilitates data

transmission, to the Electrical Power System (EPS) and the On-Board Computer

(OBC) �plays a pivotal role in the successful deployment and operation of Cube-

Sats. Furthermore, the chapter explores the Attitude Determination and Control

System (ADCS) and Propulsion systems, which enhance the satellite's operational

capabilities and mission �exibility. [5]

17



Fig. 1.5: Exploded view of the 1U CubeSat subsystems. [6]

1.3.1 Structure

The primary cubesat structure provides physical framework that supports all on-

board subsystems and is designed to withstand loads during the launch (static and

dynamic loads), but also the environment of space(thermal �uctuation, radiation...).

Generally, the cubesat structures are manufactured from aluminium alloys:

ˆ AlMgSi: 6061

ˆ AlZn: 7075

ˆ AlMg: 5051, 5005

but can be sometimes made out of non-metallic materials like PEEK polymers.

18



Fig. 1.6: Example of the standardized cubesat frame structure. [7]

The frame structure of a CubeSat includes side panels, rails, and a stack of

printed circuit boards (PCBs). Additionally, it incorporates separation springs

1.7(a) and kill switches1.7(b) for deployment functionality. The separation springs

are designed to physically separate each CubeSat in the stack upon deployment.

Moreover, kill switches are integrated at the bottom of the rails. These switches

activate the CubeSat after separation from the bottom CubeSat. [5]
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(a) (b)

Fig. 1.7: Figure(a) showcases the separation spring. Figure (b) shows the kill switch

assembly, both located at the bottom of the rails in pairs. [8]

1.3.2 Communication (COMM)

The communications system of a CubeSat plays a critical role in the functionality

of these small satellites, enabling the transmission of data between the satellite

and ground stations. At its core, this subsystem consists of transmitters, receivers,

antennas, and the associated signal processing hardware and software.

Given the limited size and power availability in a CubeSat, the design of the

communication system is usually highly energy e�cient (transmitter typicaly 1W),

also due the size space constrains the deploy-able antennas that unfolds once Cubesat

is in orbit are commonly used.

Common frequencies used for CubeSat communications include the UHF and

VHF bands for basic commands and telemetry, while higher data rate requirements

might use S-band or X-band frequencies. [5]

20



(a) Antenna (b) Kit sat

Fig. 1.8: In �gure(a) is deployable antenna by ISIS space [7], �gure(b) showcases kit

sat and its antenna made out of tape measure. In both cases its 2x di-pol antenna

1.3.3 Electric power system (EPS)

The Electrical Power System (EPS) of a cubesat contains solar panels, batteries

and electronics for power management. Typicaly the more e�cient gallium arsenide

(GaAs) solar panels are used, with e�ciency � currently around 28% in comparison

with the conventiaonal polycrystalline silicon panels, wchich have e�ciency around

10-15%.

For cubesats, the energy storage is typically in the lithium-ion (Li-Ion) batteries,

often in the standardized 18650 size with a nominal voltage of 4.2 V. These batter-

ies o�er high energy e�ciency but require careful handling, balancing, and precise

charging with temperature compensation. Very popular are also older battery tech-

nologies such as NiCd and NiMH due to their robustness against mishandling, like

overcharging and deep discharge, despite their lower e�ciency in terms of size and

weight. [5]
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Fig. 1.9: Satellite frequency bands. [7]

1.3.4 On-Board Computer (OBC)

The on-board computer (OBC) is the central processor responsible for managing all

operations of a satellite, including telemetry, payload data collection, and command

response.

OBCs can be con�gured in either centralized or decentralized architectures. In

a centralized setup, the OBC acts as the hub through which all subsystems com-

municate, creating a potential single point of failure that could render the satellite

inoperative if the OBC fails. Conversely, in a decentralized system, each subsys-

tem can independently communicate with others, enhancing resilience and mission

robustness by allowing the satellite to continue functioning even if the OBC fails.
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Fig. 1.10: OBC model from ISIS space [7]

1.3.5 Attitude Determination and Control System (ADCS)

The Attitude Determination and Control System (ADCS) is essential for maintain-

ing and adjusting the orientation of a satellite in space, which is critical for tasks

such as positioning payload instruments, antenna pointing for communication, and

stabilization during scienti�c observations or even maximizing solar panel e�ciency.

For attitude control satellite needs to determine its orientation position from

sensors like: [5]

ˆ Magnetic sensors

ˆ Sun sensor

ˆ Earth sensor

ˆ Star tracker.

For small satellites, particulary the ones in Low Earth Orbit (LEO), the simple

options like sun sensor or magnetometer are typicaly used.

For actual adjustment the passive option in form of magnetorquers can be used

which interacts with earth magnetic �eld when current runns through them.

More complex system for active adjusting in form of reaction wheels is also

possible - �ywheels mounted on motors along three axes. By spinning a wheel in

the opposite direction of the satellite's rotation, the system counteracts the rotation,

stabilizing the satellite. [5] [2]
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(a) Magnetorquer (b) Reaction wheels

Fig. 1.11: In �gure(a) and the �gure(b) shows reaction wheels

1.3.6 Propulsion

Propulsion systems in CubeSats are used for performing maneuvers such as orbit ad-

justments, altitude changes, and controlled deorbiting, enhancing mission �exibility

and extending operational capabilities beyond just an passive �ight.

Most of the missions opt for propulsion free solution due to its extra complexity

to the whole system and for most of missions on LEO its not necessary. Generaly

CubeSats propulsion has been con�ned to applications like attitude control and

reaction wheel desaturation, primarily using cold gas thruster systems.

As CubeSats evolve towards more complex missions, including interplanetary

travels and precise maneuvering in formation �ying, the role of propulsion systems

becomes crucial, prompting a shift from traditional cold gas thrusters for attitude

control to more varied propulsion technologies including mainly electric propulsion,

which o�ers high speci�c impulse in combination with excelent fuel e�ciency com-

pared to cold gas thrusts or chemical propulsion. [9]
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(a) Cold gas thruster propulsion (b) Field emission electric propulsion(FEEP)

Fig. 1.12: Figure(a) showcases the cold gas thruster system solution and on the

�gure(b) shows electric propulsion system [7]

1.3.7 Payload

The payload subsystem of a CubeSat is the heart of the mission-speci�c operations,

housing the speci�c instrument or technology designed to achieve the satellite's

primary objectives.

This subsystem is highly customized depending on the mission's goals, whether

for scienti�c research, technology demonstration, educational purposes, or Earth

observation. [9]

Typical payloads of cubesats can be:

ˆ cameras

ˆ spectrometers

ˆ communication

ˆ sensors

ˆ other experiments.

E�ective integration of the payload with other CubeSat subsystems is crucial, as

it must be supported in terms of power, data handling, and thermal management.
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(a) (b)

Fig. 1.13: Figure(a) showcases sun sensor. Figure (b) shows monochromatic camera

[7]
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2 Launch vehicles
The choice of the launch vehicle for the mission remains undecided.However, given

the current aim to participate in ESA's Fly Your Satellite program, the selection

is likely to be narrowed down to either the Vega C rocket or the Ariane 6 rocket.

As of the writing of this diploma thesis, the Ariane 6 rocket has not yet conducted

its inaugural test �ight, which necessitates relying predominantly on the established

speci�cations detailed in the Vega C user manual for de�ning the launch vehicle

requirements. Vega C is known for its stringent operational demands. If the satellite

structure meets the requirements set forth by Vega C, it should be su�ciently robust

to withstand the conditions imposed by the Ariane 6, and potentially other launch

vehicles as well.

2.1 Vega C

Vega C is an advanced variant of the Vega rocket, which itself is a part of the

European Space Agency's launcher family, primarily designed for small - medium

size payloads. [4]

As a four-stage rocket, Vega C comprises three solid rocket stages complemented

by an upper stage that utilizes a liquid rocket engine for precise orbital maneuvers.

Standing 35 meters tall and with a diameter of 3.3 meters, Vega C has a lifto�

mass of approximately 210 tonnes. This robust con�guration enables it to deliver

payloads up to 2300 kg to Low Earth Orbit (LEO). [4]
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Fig. 2.1: Vega-C stages and description. [4]

Fig. 2.2: Vega launch pro�le. [4]
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Altitude (km) Event Stage

0 P80FW Ignition & Lift-O� Stage 1

50 P80FW Burn-Out, Stage 1/2

Separation, Z23 Ignition

Stage 1/2 Transition

100 Z23 Burn-Out, Stage 2/3 Separa-

tion

Stage 2/3 Transition

100 Fairing Separation After Stage 2/3 Tran-

sition

200 Z9 Burn-Out, AVUM 1st Ignition Stage 3/AVUM Tran-

sition

200 AVUM Cut-O�, transfer Orbit

Injection

AVUM First Opera-

tion

200-800 AVUM 2nd Ignition, AVUM Cut-

O�, Orbit Circularisation

AVUM Operations

800 Satellite Separation End of Mission

Table 2.1: Vega C launch pro�le. [4]

2.2 Ariane 6

Ariane 6 is the latest development and successor of the famous Ariane 5 in the Euro-

pean launch vehicle family (currently still waiting for its �rst test �ight), designed by

the European Space Agency (ESA) in collaboration with ArianeGroup as the prime

contractor and is consider to be a heavy launch vehicle. Stands approximately 62

meters tall with a core diameter of 5.4 meters and has two variants: [4]

ˆ Ariane 62, with two solid rocket boosters and lifto� mass of 530 tons,

ˆ Ariane 64, with four solid rocket boosters and its lifto� mass of 860 tons.

It's capable of delivering up to 10.3 tons to Low Earth Orbit and 5 tons to

geostationary transfer orbit with the Ariane 62, and up to 21.6 tons to LEO and

11.5 tons to GTO with the Ariane 64. [4]
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Fig. 2.3: Discription of the Ariane 64 rocket. [10]

2.3 Launch environment

During a launch phase, the satellite structure is subjected to a variety of loads.

These loads are well documented in the launch provider vehicle manual. [11] [12].

Various factors such as vibrations, thermal expansion, and accelerations may

cause plastic deformations or even failure at various spacecraft subsystems.

Generally, these loads, forces and accelerations are categorized into three types:

[2] [13]

ˆ Static � these are independent of time and do not change as the mission pro-

gresses

ˆ Quasi-Static � time-dependent, these loads change slowly enough that inertial

e�ects are negligible

ˆ Dynamic � also time-dependent loads where inertial e�ects are signi�cant.

These include phenomena such as low-frequency vibrations, broadband vibra-

tions (including random vibrations and acoustic loads), and shocks.[2]

While static loads typically have little impact on spacecraft, quasi-static loads

caused by steady-state accelerations does have. The diverse origins and character-

istics of these loads necessitate careful consideration in the spacecraft's structural

design process. [14]
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Fig. 2.4: Static and dynamic environment experienced by spacecraft during launch.

[14]

2.3.1 Coordination systems

To ensure clarity and accuracy in the upcoming section, it is essential to de�ne

the coordinate systems for the CubeSat, its orientation within the dispenser, and

the corresponding setup for the rocket. Additionally, the analysis of upcoming load

cases will utilize lateral and longitudinal directions:

ˆ Longitudal � direction that corresponds to the X-axis of the rocket, which

aligns with the rocket's length 2.5(a)

ˆ Lateral � direction relates to the YZ-plane of the rocket corresponding to its

diameter/width 2.5(a)

The coordinate system of the CubeSats will be reoriented to align with their po-

sition within the deployer, which is itself oriented relative to the rocket's coordinate

system. In this con�guration, the CubeSats' Y-axis will represent the longitudinal

axis, while the X and Z axes will represent the lateral axes.
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