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Abstract In this era of miniaturization and industrial needs for 
accessing space, nanosatellites are an appropriate and riskless 
answer. This paper examines the development and the progress of 
the mechanical assembly, integration and test (AIT) campaign on 
the CNES CubeSat demonstrator, EYESAT. This student 
nanosatellite, designed to observe the zodiacal light in the solar 
system, is actually in integration and testing phase; and will be 
launched in 2019. This thesis led the project from the structural 
and thermal model to the end of the qualification model assembly 
as well as the beginning of the tests campaign.  
 

Sammanfattning  I eran av komponentminiatyrisering och 
industriella behov för att nå rymden, är nanosatelliter en lämplig 
lågrisklösning. Detta arbete undersöker utvecklingen och 
progressionen av den mekaniska integration och testkampanjen 
(AIT) för CNES CubeSat-demonstrator EYESAT. Denna 
studentbyggda nanosatellit, som har som syfte att observera 
Zodiakalljuset i solsystemet, var under detta examensarbete inne 
i integrations- och provningsfasen med mål att skjutas upp i 
jordbana 2019. Detta examensarbete startade med de strukturella 
och termiska modellerna, forsatte med integrationen av 
kvalificeringsmodellen och avslutades med inledningen av 
kvalificeringstestkampanjen. 
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I. INTRODUCTION 

wenty years ago   in 1999  two professors from California 
Polytechnic State University and Stanford University 

× 10 × 10 [cm3] cube 
 that you can combine and use from 1 to 27 units [18]. It 

was devised to provide an affordable access to space, allowing 
universities and students to work, develop and launch satellite 
missions. After twenty years and more than 800 CubeSats 
launched worldwide by universities, laboratories, space 
agencies or private companies, we can allegedly say that it is a 
success.  The miniaturization of electronics and components 
through the years allowed the nanosatellite to bring more and 
more computation power and possibilities, thus to develop 
complex missions with valuable science or commercial 
applications on-board. The tremendous price to get any 
experiment into orbit pushed forward this category of satellites 
as it helped companies or space agencies to test new concepts 
and improving their TRL  the readiness of a technology on a 
1 9 scale, from the idea to operation and market   in low cost 
and high risk acceptance missions [16] [17].  Today, this 
standard of satellites is used in many different missions from 
1U CubeSat for student projects to constellations of hundreds 
of 3U CubeSats [30]. For instance, Planet is a private company 
founded in 2010 which is now able to map the whole planet 
Earth at a 4 m resolution with a daily return period, thanks to a 
constellation of 150 nanosatellites. Some disruptive innovation 
technologies are being tested thanks to the CubeSat standard, as 
solar sails [19]. Many new technologies would have stayed on 
ground without the help of these nanosatellites. Moreover, the 
satellites of tomorrow will be developed thanks to the 
nanosatellites of today.  
In 2012 at CNES  the French Space Agency  the JANUS 
project was launched by Alain Gaboriaud, a CNES engineer 
and previously the project manager for the French contribution 
to the rover Curiosity. JANUS is intended to help all French 
universities and engineering schools in their CubeSat projects, 
providing technological and financial participation. In order to 
understand new challenges and management strategies brought 
by a nanosatellite and a student-team  way of working, the 
EYESAT project was initiated. EYESAT is a 3U CubeSat, 
merging a myriad of new-tech components to answer a 
demanding science mission, developed by the CNES in their 
facilities with student interns supervised by space technology 
experts. Five years after its start, the project is mature enough 
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to start the production of the qualification model.  
This thesis presents how the mechanical parts of the production, 
assembly, integration and tests of the QM were handled. First, 
an explanation of the work done to get a robust model will be 
given. Then we will explain the development and the 
characterization of the testing equipment; followed by the tests 
performed and their results. To finish with the tests still on-
going and what work is left to ensure the qualification review 
of EYESAT. 

II. THE EYESAT MISSION  

EYESAT is a nanosatellite based on the 3U, 10 × 10 × 30 [cm3] 
CubeSat standards, for a mass of approximately 4.2 kilograms. 
Its mission is based on three main outcomes: an educational 
one, a scientific one and a technologic one. The main purpose 
of the project is the student training on a real space mission. At 
the moment, more than 150 undergraduates and postgraduates 
participated in the project through internships, master thesis or 
school projects. The leading theme of the project is a scientific 
mission based on astronomy. At the start of the project, 
Christian Buil, a CNES expert in optics and an amateur 
astronomer suggested different types of missions. The one 
chosen was the study of Zodiacal Lights and the Interplanetary 
Dust Particles. It was interesting in both objectives and the 
technologies needed to achieve the mission objectives. The last 
objective is a Technological Demonstration, and a fast improve 
in the TRL of CNES components and avionics. 
The nominal mission plan is a one-year-in-orbit-exploitation, 
with an atmospheric re-entry in 7 to 13 years, to respect the 
French Space Operation Act (FSOA) [5] [6]. The satellite will 
be placed in a circular 500 km sun-synchronous orbit with an 
ascending node at 06:00. The launch is already planned with 
Arianespace and the window is January 2019  June 2019. 

 

A. Scientific purpose 

The mission will focus on the study of the Interplanetary 
Dust Particles through the so-called Zodiacal Light. This light 
results from the solar light diffusion on the particles pending in 
the solar system. Most of those particles are coming from the 
Jupiter-Family comets and some of them from the long period 

comets or asteroidal dust [7]. Without light pollution, Zodiacal 
light can be seen with bare eyes and it appears as a cone-shaped 
faint glow along the ecliptic plane. In the European sky, it can 
be seen just after twilight, above the horizon in the west 
direction, mostly from February to April [8]. For the 
astronomers it is important to have a good characterization of 
this Zodiacal Light because it can obstruct some weak light 
sources like galaxies and exoplanets; for bigger telescopes this 
light diffusion is a bias they have to get rid of. Moreover, their 
characteristics in intensity and polarized light are a good way to 
get information about their repartition and their movement. 

Thanks to a dedicated space telescope, the study of these 
interplanetary dust particles will be done with an accuracy 
unmatched yet. Indeed, the observation from space avoids 
every perturbation and degradation due to the Earth atmosphere 
during the shooting, and thus allows more detailed and precise 
measures. The aimed resolution is ten times better than the 
actual data available on the Zodiacal light.  

The measures to be made are of different types: an absolute 
measure of the Zodiacal luminance  which will be captured in 
non-polarized light  as well as a measure of the linear 
polarisation including its polarisation field. These measures 
will be done in four distinct spectral bands: the blue, the green, 
the red and the close infrared. 

A secondary mission is also planned, if the first one is 
successful. The goal is to map the Milky Way  our galaxy  in 
visible light and close infrared with non-polarized, at 360°. This 
one is more for an outreach purpose than a real scientific one, 
but helping to develop interest for space and science in the new 

 
To achieve such a level of precision for both missions, this 

nanosatellite will be based on cutting edge technologies from 
the CNES Research and Technology department. 

 

B. Technological Demonstration 

In the space domain, the development and launch prices for 
a satellite are very high. The place for risk-taking is really 
restrained and new technologies have a really long maturation 
time. Every new technology is defined with the TRL: 
Technology Readiness Level. It is a 1 9 scale which places a 
technology as a function of its degree of development [9]. A 
commercial satellite will only take on-board TRL 9 
technologies while a scientific one can take TRL 7 to 9 
technologies. Reaching the flight accepted level on large 
satellites is quite expensive as one needs to qualify the 
components through various extensive and time-resources 
demanding prototypes and tests. Because of that, many 
technologies and disruptive innovative ideas can never be 
tested, due to lack of budget. Whereas in a nanosatellite, with a 
lower cost compared to larger satellites, you can accept more 

Fig.  1.   Zodiacal Lights 
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risks to the mission. Thus, they are a real advantage in 
technology readiness acceleration.  

The EYESAT mission will use many new technologies 
developed both in intern at CNES and with external companies. 
Moreover, JANUS developed a partnership with space 
companies to develop and certify CubeSat components and to 
bring them from the prototype to an Off-The-Shelf 
Commercial  (COTS) status, with flight heritage. Those 
components or software have never flown before but were at a 
TRL from 6 fully functional prototype or representational 
model  to 8  flight qualified  and will all be at 8 before the 
launch.  

Six technologic or demonstrators will be taken on-board: 
- A CMOS (Complementary Metal-Oxide-

Semiconductor) colour sensor, the payload sensor 
- The avionics based on an ARM microchip  with 50 

times more computation power than in usual satellite 
microchips  

- S-band and X-Band radiofrequency antennas for 
omnidirectional TC/TM and high bandwidth  up to 15 
Mbs  unidirectional data transfer 

- A solar panel deployment mechanism based on a 
composite hinge, auto-deployable and auto-lockable 

- A flight software based on a Time and Space 
Partitioning (TSP) technology 

- A black coating with a super high absorption coefficient 
for the payload and the star-tracker baffles  

 
In terms of fabrication, additive manufacturing will be highly 

used in every mechanical-only component such as the supports 
parts. This allows a lightweight design for complex parts, and 
it also helps to respect the tight available space inside the 
satellite. Moreover, additive manufacturing ensures low cost 
parts, fast fabrication and short delivery time. For a student 
project, this is perfect. 
 

C. The Nanosatellite EYESAT 

1) Mechanical and thermal design 
The spacecraft follows the 3U CubeSat standard, the 

structure external dimensions are so 340.5 × 100 × 100 [mm3]. 

The main structure is made of aerospace aluminium with a hard 
anodized treatment, to avoid any cold welding with the 
deployer structure.  

The cold welding is a physical effect that can appear when 
two surfaces of the same materials are in direct contact in 
vacuum. In a normal environment, when two surfaces are in 
contact, at an atomic level their atoms are not directly in 
contact, there is always some contaminant such as air, oxides, 
oil or grease. In vacuum for two perfectly clean parts, nothing 
will prevent the atoms of the two surfaces from being in direct 
contact. Doing so, they will merge to create a single part. Even 
if in reality the merging mechanism will not apply to the whole 
surface, some parts of it will be affected. Thus an adhesion force 
will appear between both parts and block the movement of the 
mechanism. [11] 

The satellite structure is based on a square tube with a 2 mm 
thickness, . As we have a huge margin 
within the mass criteria for the CubeSat, we can take a couple 
advantages with this. The first one is the light-impermeability 
of the payload compartment. For better results with the camera 
and the star-tracker, we have to ensure that no parasite light can 
come through the satellite. The second one is to protect the other 
parts of the satellite from the environment, to shield them from 
the sun rays and then facilitate the thermal control. Finally, we 
have a complete two millimetres aluminium equivalent 
thickness over the avionics to shield them from radiations. [12] 

It was decided to machine the structure from an aluminium 
square tube as it will allow a lower price, a more specific design, 
and less parts to assemble; compared to the usual commercial 
design made with different components screwed together. 
Moreover, the rigidity and the mechanical accuracy of the 
assembly will be improved. 

This structure is closed in both ends by two aluminium 
hoods. On the lower one, the solar arrays and the avionics rack 
will be assembled. The upper one will ensure the complete light 
sealing of the payload. Both are mounted with four screws in 
the structure.  

On the structure lie also the passive thermal components. To 
ensure the thermal control, both Multi Layers Insulation (MLI) 
and Secondary Surface Mirror (SSM) [14] are used, coupled 
with electrical heater to warm up specific components as the 
batteries, the camera or the stars-tracker. To avoid any Electro-

Fig.3. EYESAT Mock Up; every component but the 
structure is representative of the FM  

Fig.  2.  Technology Readiness Level, NASA [9] 
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Static Discharge (ESD), the MLI is grounded with the main 
structure of the satellite on the lower hood.  

To respect the CubeSat Design Specification (CDS-Rev13) 
[13]  the satellite must be electrically disconnected from the 
assembly in the deployer to the deployment in orbit,  on the 
lower hood two switches are mounted. The first one is the 
Remove Before Flight (RBF) switch, which ensures cutting the 
power during the assembly into the pod, and must be removed 
once the integration is complete. The second one is the Kill 
Switch, which is the one that will take over the RBF when the 
satellite is in the pod, and until the deployment.  

 
2) Power generation and storage 

To generate energy on board, it was chosen to use four solar 
arrays including 6 solar cells each. They will be deployed at a 
ninety degrees angle to the main structure. Doing so and 
considering the heliocentric orbit the satellite will be on, during 
the recharging mode every solar array will be perpendicular to 
the solar flux, providing the best power generation possible. 

The solar cells are Triple Junction GaAs cells with 30% 
efficiency. Each cell produces up to 1 W when in the right 
direction. This ensures a 24 W maximum power generation for 
the satellite in charge mode. Considering the degradation of the 
cells due to the radiation, this will allow the mission to continue 
for a while even with the normal decay or worse, a problem in 
one of the solar array.  

This energy is stored in a battery pack including four 
Samsung 18650 Li-Ion batteries, for a total capacity of 37.8 
Wh. The batteries are placed as close as possible to the solar 
arrays to reduce the length of the electrical harness and at the 
same time the magnetic contamination due to the high current 
going through. Those batteries are Space Certified and have the 
flight heritage of the mission Robusta 1B from Montpellier as 
well as the QB50 mission and they also have the ISS 
certification. 

Before being ejected into orbit, every solar array must be 
closed to take less space and to resist the vibration during 
launch. This is done thanks to a Hold Down & Release 
Mechanism (HDRM), composed of two main parts and 
designed specifically for the EYESAT mission. The first is the 
composite hinge, developed at CNES through a Research & 
Technology program (R&T). This single passive shape memory 
component can ensure micro-torques and a locking in open 
position due to its specific shape. The torque order of a 
magnitude is 10 Nmm, to avoid a too-fast deployment which 
could result in a partial or total deterioration of the solar array. 

  a burn wire 
mechanism  is an active device holding the panel in place 
during the assembly, the launch phase and for the thirty minutes 
after orbit injection. It also has a function to avoid the vibration 
of the panel. Once into orbit and after the 30 min of inactivity 
imposed by the CubeSat regulation, the on-board computer will 
command the thermal knife to release the solar arrays. The four 
HDRMs are independent so that one failure is only limiting the 
mission but does not paralyze it completely. A sensor is also 
placed on every HDRM to know the status of the opening for 
each panel. In case of a failure, some alternative procedures 
have been determined.  

 

3) Avionics & Data transmission 
In the CubeSat standard, the avionics are almost all following 

the same design imposed by the main connector: the PC/104. 
Its size fits perfectly in the 100 × 100 [mm2] surface allowed 
and it permits to stack the different boards together without 
having to take care of multiple harnesses. The downside of it is 
the restriction in design for the boards that are not COTS. 

 
 
- board the energy management 

on the satellite, the solar arrays, batteries connections 
and the switches control 

- The ISIS iMTQ board, a three axis magnetometer and 
magnetorquer board for the AOCS 

- The S-band Transponder, used to receive and transmit 
the TM and TC 

- The Ninano, which is the on-board computer based on 
an ARM chips, it is the main avionic system 

- The X-band Transmitter, used to send the payload TM 
at a high datarate, up to 100 Mbps 

- The interface board, in charge of connecting and 
powering the payload, the star-tracker and the reaction 
wheels 

- The four reaction wheels on their support, used in the 
AOCS with the magnetorquers 
 

This rack is mounted on four stainless steel rods, which are 
themselves screwed in the lower hood. Eight mechanical-
thermal brackets are used on the top of the rack to allow a better 
thermal evacuation for the avionics and to ensure a good 
rigidity of the cluster.  

 
4) The Attitude and Orbit Control Systems (AOCS) 

Talking about an AOCS for CubeSats is not completely 
correct as there is no propulsion system in most of them, so 
the orbit is not a parameter we can affect. We can only know 
its decay over time to estimate how long the satellite can stay 
in orbit  to respect the French law mitigating orbital debris 
(LOS) for example. In order not to confuse the reader we will 

D   as Attitude 
Determination and Control System. 

The attitude control on EYESAT is based on two different 
active systems and two passive sensors. There are also four 
different modes for different control depending on the state of 
the satellite. 

The first system is the three axis magnetorquer from ISIS 
[23]. It is based on three different coils of copper and thanks to 
the Earth magnetosphere, when the coils are powered, a torque 
will be created. This system does not have a good precision nor 
a good agility but it has no limitation in momentum storage 
whereas reaction wheels. Those have limited momentum 
storage, so the magnetorquers are crucial, to transfer the 
momentum from the reaction wheels out of the system  
therefore it is transferred to the Earth magnetic field. The 
magnetorquers come on an avionic board (the iMTQ) with its 
magnetometers, a sensor based on the same principles as the 
magnetorquer. It is not very accurate in its measurements but 
can be used at a high rotation rate of the satellite  during the 
de-tumbling phase by example  and it takes a very small place 
in itself. 
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The second system is the four-reaction-wheels pyramid. It is 
a high accuracy high agility AOCS based on four micro wheels 
from Hyperion. It allows a precise three axis stabilisation of the 
satellite and a good rigidity in the axis of the camera field of 
view. 

The star-tracker is the high accuracy positioning sensor. It is 
basically a small camera coupled with a star chart and thanks to 
a processing algorithm, it calculates with a high accuracy the 

.  
 
The four different AOCS modes are as follows: 
- De-tumbling mode  used only once at the beginning of 

the mission to bring the satellite out of a potential 
tumbling motion due to the ejection of the pod. Only the 
magnetorquers and magnetometers are used here. 

- Survival mode  used when the satellite is waiting for 
instructions. The pointing accuracy needed is not high so 
to decrease the power consumption. The same systems 
as in the de-tumbling mode are used. 

- Data transmission mode  used to point the X-band 
antenna towards the ground station. This mode demands 
a high agility to follow the ground antenna while in orbit, 
so both control systems are used. 

- Shooting mode  uses to point the axis of sight of the 
payload to a precise location and to keep it aimed during 
the camerawork. Both AOCS systems are used, to ensure 
a high accuracy and a good axis rigidity to avoid any 
motion blur. 

 
 
5) The Payload  IRIS 

As our scientific mission is based on sky observation, our 
payload is naturally a telescope. IRIS is of the kind of 

 we are not using mirrors but lenses to 
form the image.  

The lens comes from an off the-shelf camera lens from Leica 
with a focal length of 50 mm and an f/2 aperture. They are 
known to be of a high optical quality for a reasonable price, and 
a dedicated optics was not in the budget. But as they are not 
designed to work in a space environment with all the constraints 
associated, they were modified by the specialized company 
Lambda X to be space qualified  they cleaned perfectly all 
lenses of any contamination and replaced every grease and 
adhesive for space-qualified ones. 

This lens is baffled to avoid any light contamination during 
our observation. The baffle is based on a multiple-vanes design, 

and uses the black coating from the CNES R&T department, 
associated with Scilas, a company specialized in coatings.  

To allow an observation in different polarized directions and 
different spectral bands, we use a dedicated filter wheel. The 
system is made of two wheels which turn in opposite directions 
to attenuate as much as possible the torque thereby created. On 
the first one, five filters are assembled  the neutral filter and 
the four spectral filters  while on the second one there are only 
three of them  an 
neutral one. Those wheels are driven by a single stepper motor 
through a gear set, at the same rotation speed. 

The last component is the camera itself. It is based on the 

ts) and has its own electronics 
 × 2048 active 

coloured pixels, a user-configurable FPGA and a dedicated 
volatile memory to store the images taken. It is also a Radiation 
Hardened Design.  
 
6) Launcher & Deployer 

 To get the satellite into orbit, the launch is already planned 
with Arianespace on a Soyuz, operated from Kourou (French 
Guinea). We have some space as an auxiliary passenger on the 
CSG-1 mission launch, with COSMO-Skymed as a primary 
passenger and Cheops as a co-passenger on the ASAP-S Fig. 3, 
payload platform, propelled by the Fregat upper stage. This 
means we have to comply with every condition requested by 
Arianespace, detailed in the Soyuz User Guide. It includes 
every qualification and acceptance tests  vibrations, thermal 
vacuum, etc.  to run on the satellite, and will be the baseline to 
follow during the test campaign of the satellite. 

EYESAT is not directly mounted on the ASAP-S; there is an 
interface called the deployer. This device will hold the satellite 
from the integration to the deployment in the desired orbit. It is 
basically an impervious box in which the satellite is maintained 
compressed by a spring on a controlled door. This spring also 
grants an ejection speed of 2 m/s.  

Fig.  4.  3D+ Space grade camera [10]  
Fig.  5.  ASAP-S payload platform, with a CubeSat 

deployer on the right (encircled in red) [25]  
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III. IMPROVING THE EXISTING MODEL TO A ROBUST VERSION 

A. Implementation of a Nomenclature and Parts Referencing 

To ensure a smooth and meticulous AIT, the present author 
took the lead of the creation of a nomenclature for the whole 
project associated with a thorough parts referencing. The intent 
of these procedures was to provide a follow up for every parts 
through their life cycle  from the design to the end of the 
assembly.  

Prior to 
mechanical parts were named by their functions. It was hard to 
communicate with our subcontractors and inside the project, as 
no one gave the same name for a single part; it was widely open 
to interpretation. Moreover, it did not allow an accurate version 
control to distinguish the prototypes parts from the qualification 
model or flight model parts.  

 The referencing is based on what is done in the automotive 
industry and what was done on the TARANIS/CNES project, 
adjusted to the needs for the project. An extract from the 
technical note is provided in Fig 6.  

Thanks to this formalism we can track and put in order every 
component and its associated drawings, step files, quote, 
technical notes and design specifications. This will also help us 
during the definition file writing for the QM. 

The nomenclature is divided in five distinct parts, one for 
each sub-assembly  exept for the payload and the harness 
which are supervised at another level  and each one consists of 
an exploded view of the assembly associated with a list of all 
the parts, their number, reference, manufacturer, and additional 
information. This was very helpful during the order phase of the 
whole qualification model to track every ongoing purchase, 
received ones and not yet placed ones.  One can also sort the 
components by their manufacturers and the reference number 
of the order, which avoids every loss of information during the 
interns turnover as happened before.  

Moreover it provides a good intern communication support 
as every exploded view was printed in A3 format and hung on 
to the meeting room wall. Most of the interns did not have a 
good overview of the whole nanosatellite. 
 

B. Modification for Use of Space-Qualified Components 

The CubeSat standard demands the use of switches to 
physically disconnect the satellite from the assembly in the 
deployer to the insertion in orbit. In the previous version of 
EYESAT, both switches were components off-the-shelf from 
Mouser [26]. The major problem with this is the SPF (single 
point of failure) due to the design of the nanosatellite. As we 
have not much space due to the deployable solar panels the 
choice of using only one Kill Switch was made. This means if 
this one does not work, the whole mission will fail as the 
satellite will never turn on.  

Both choices of a single switch and a non-qualified switch 
are not acceptable; the risk of failure is too high. To solve this 
problem, we got the help of the Quality Department from 
CNES, who gave us valuable advices on the best component to 
use. This one is the 11HM1  a sealed micro switch from 
Honeywell [24]  which is Space-Qualified, Military-Grade 
and has a strong flight heritage over the past years.  

The main difficulties to integrate this new component in the 
satellite were the difference in the amount of space taken  way 
more extensive than the previous one  and the difficulty to 
make a change on the other parts as most of them were already 
in production. To solve this problem of interfaces and place 
available, we designed two complex supports parts and we 
manufactured it in 3D printing with an aluminium alloy.  

The two supports were designed to be lightweight, 
nonmagnetic and rigid enough to withstand the launch 
environments. A basic FEA (Finite Element Analysis) was 
made for each part, to ensure its ability to comply with the 
specifications (quasi-static loads, sinus and random vibrations). 
We considered the thermal induced stress sufficiently low to not 
be significant as these parts are inside the structure of the 
satellite and thus protected from high thermal gradients. 

The fabrication went well and these new switches are now 
assembled in the QM and fully tested. 

 

C. New Design for the Reaction Wheel Support 

One of the main parts of the AOCS  the reaction wheel 
support  was designed in a way that was hardly going to 
withstand the launch environment, according to a CNES 
mechanical expert. The problem was coming from the position 
of the support, only held on the PCB of the interface board. The 
weight of the set  four wheels plus the support  was not 
adapted to the mechanical properties of the PCB. Thus during 

-soldering of the electrical 
components could appear due to the deformation of the board. 
Furthermore, some slight modifications were added, mainly to 
increase the ease of assembly. To solve the first problem, it was 
chosen to hold it on the stainless steel rods, directly connected 
to the CubeSat structure. To ensure a good functioning of the 
part, the choice to raise it from the board was made. The 
distance between both had to be higher than the maximum 
deflection in the vertical axis at every point of the support. A 

Fig.  6.  EYESAT normalized parts referencing  
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FEA was made on this part to verify its ability to sustain the  
launch environment, and three different plastic 3D-printed 
prototypes were realized to check the mounting and the 
compatibility with the harness, the PCB and the wheels. The 
FEA revealed a maximum deflection of 0.1 mm in the vertical 
axis, as well as a first natural frequency of 220 Hz.   

The manufacturing process went well and the QM part is now 
fully assembled with the wheels and the avionics rack. The 
integration was way simpler with this part than the previous one 
and allowed us to reduce the workmanship-induced possible 
failure. It has also been tested with the wheels on a micro-
vibration bench to characterize the AOCS power spectral 
density, but the results from that test are not yet known. 

   

D. CubeSat Deployer Technical Note to fasten the decision 
making 

When the author started the project, the choice of the 
deployer was not made yet. Our launch provider  Arianespace 

 gave us the choice between two different products: the P-POD 
from Tyvak [28] and the ISIPOD from ISIS Space [29]. There 
was still an ambiguity in the project around the use of one or 
the other, even if the design was more oriented towards the 
second deployer. A considerable difference in price  due to the 
needs of qualification tests for the integration on the launcher  
made the choice rather important and arduous to make. As an 
answer to this problems, the author wrote a complete technical 
note to help the decision making process.  

This note is starting with an introduction to the deployer 
concept and the rationale behind this trade-off. Then an 
explanation of both systems was given; it includes their 
specifications and all the information known about them  such 
as the maximum size or mass, the flight heritage, mechanical 
properties, etc. Finally, a comparative table was given with 
answers 
conclusion and the advices given for the decision. 

 
 
 

IV. QUALIFICATION MODEL ASSEMBLY 

 

A. MGSE design and realisation 

 
The Mechanical Ground Support Equipment (MGSE) is an 

assortment of non-flight mechanical components specifically 
designed and developed for a direct functional interface with 
flight hardware. They shall respect basic system requirements 
such as non-contamination of the flight hardware, easy 
manipulation and set up, good interface with the satellite and no 
possibility to be connected to a wrong interface. NASA 
produced a standard guideline for the design and fabrication of 
any GSE that provides very detailed specifications and advice 
[1].  

For the EYESAT mission, as the satellite maximum mass is 
less than 5 kg, MGSE will not be needed for handling or 
transportation during the assembly. Their main purpose will be 
to fasten and ease the assembly operations on both qualification 
and flight models, but also to handle the satellite during the tests 
campaign  in thermal vacuum chamber, magnetic test 
facilities, out of clean room functioning and transport between 
tests rooms.  

Prior to the start of any design, a MGSE policy had to be 
adopted for the mission. Which level of flight hardware 
contamination do we accept; what kind of precision do we want 
and what safety factors should be used for every part in terms 
of maximum structural loads? These levels will be decided to 
answer our needs without being too severe, as the directly 
impacted factors are the price and the fabrication time. 

The satellite instruments are based on optical parts and a 
camera, thus the contamination factor is really important here. 
All the equipment used in thermal vacuum chamber must be 
designed taking it to account. We chose to use only metal based 
MGSE to avoid any contamination. Concerning the ones used 
in the clean room, the question is subtler. Indeed, most materials 
do not outgas at an ambient pressure and temperature, but the 
question of micrometric particles is also a relevant problem for 
optical instruments. All things considered and with the project 
background on the use of 3D printed plastics, we chose to 
accept the use of the PLA (Polylactic Acid) for the design of 
our MGSE used in the clean rooms.  

Fig.  7.  Reaction Wheels Support, FEM analysis  

Fig.  8.  Comparative Table for the Deployer 
Decision Making  
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A high precision was designated as not critical, as every high 
precision measure are done with dedicated equipment  such as 
the devices from the optical laboratories for the payload tests  
or are achieved with an alignment before the measure.  

For the load safety factors, the choice was rather easy and 
oriented in a conservative way. In the NASA technical standard 
5005, the recommended factor against collapse and ultimate 
load is 3. In our project, as most of the manipulations will be 
conducted by non-qualified staff  mostly students  mistakes 
can be made. For this reason, these MGSE must withstand 
much larger loads than the design loads, so we decided to use a 
factor of at least 5. 

general is to keep the cost and the manufacturing time as low as 
possible. To achieve both objectives, additive manufacturing  
in both metal and plastic  came out as the best option, coupled 
with a broad use of component off-the-shelf. Plastic Fused 
Deposit Modelling (FDM) can be done in the CNES facilities, 
ensuring a super low-cost and fast process, with easy iteration 
in case of an improvement need. For the aluminium Laser Beam 
Melting (LBM) process, we have subcontractors capable of 
manufacturing and delivering a part within a week. Another 
advantage of this production method is the reduction of the 
parts mass due to the particular shape possible. This is non-
negligible as every operation will be done by human hands. A 
decrease of the total mass is directly linked to a decrease of the 
risk of failure during the assembly.  

In consideration of these design guidelines, we conceived, 
designed and built most of the MGSE for the satellite AIT. 

 
1) Solar Panels Assembly Support 

The Solar Panels (SP) are composed of a PCB with its 
electronics, the solar cells, the carbon-composite stiffener and 
the active composite hinge. These components are 
manufactured by different companies, received and controlled 
by the quality department and then assembled by our team in 
the clean room facilities. This includes bonding and soldering 
the solar cells on the PCB as a first step, before a complete test 
of good functioning on the SP. Then all the stiffeners are 
fastened thanks to a VHB double side adhesive (very high 
bonding) on the circuit board. On the Structural and Thermal 
Model of the satellite, this step was done without a proper 
MGSE and the result was not acceptable for flight hardware. 
The stiffeners have an L shape cross-section, with one leg in 
contact with the board. Then a good position of the external 
wing of the stiffener is crucial as a non-controlled positioning 
can result in a non-deployment of the satellite out of the pod  
if the wings are too far aside, they will be in contact with the 
guiderails and the friction can bypass the ejection spring effect 

 or in a non-deployment of the solar panels  if the wings are 
too close, they can be in contact with some screws on the 
external part of the structure, which will result in the same 
friction effect.  

 
 
 
 
 

To have a well-controlled position of both stiffeners, a 
MGSE was specifically designed. It ensured the parallelism and 
the external position of the wings with a tolerance of 0.2 mm.  

In Fig. 9, the orange part is the circuit board, the black parts 
are the stiffeners and the rest is the MGSE. It was manufactured 
at CNES, then assembled and we finally ran a metrological 
control to verify its fabrication tolerances.  

An exhaustive technical note was written to guide the 
operator step by step for this action. It contains every detail 
about the surface preparation, the application of the adhesive, 
the positioning and the post-production process. The solar 
panels and the stiffeners were recently assembled together and 
the process was a success. They are now mounted on the 
qualification model of the satellite and going through the test 
campaign. 

 
2) Clean Case for IRIS 

some of them will be done out of a clean room. The principal 
one is the test on real sky. In June 2018, the student team will 
go back on the top of the Pic du Midi, in the French Pyrenees. 
Here lies the highest French astronomical observatory (at 
2877m), where an amateur telescope can be used by students 
and members of the T60 association [27]. The objective of the 
test is to install our payload with its dedicated electronics on the 
top of the equatorial mount of the telescope. Then we will take 
pictures of different areas of the sky  as the satellite would do 
once in orbit  in every polarized and spectral band but also the 
dark and flat to remove the read noise afterward. With all these 
data the scientific team will be able to characterize the 
instrument performance on real stars, and compare our results 
to the one already known on the interplanetary dust particles. 
Moreover, this is a good outreach for the project and its 
scientific goals. 

Fig.  9.  MGSE for the solar panel assembly  



9 
 

This test campaign has already been done once for the 
qualification model, in February 2018. Due to some delays, the 
experiments  organization was not perfect and we learned a lot. 
The instrument used was the IRIS prototype, and we had a hard 
time due to the weather. The instrument was directly mounted 
on the telescope thanks to a really basic MGSE with no more 
protection than a box of light-protection panels. But this was 
not enough to protect the instrument against the 20 m/s winds, 
throwing snow around in the telescope cupola. We improvised 
a dedicated protection door to avoid snow onto the instrument, 
but it needed the action of an operator  that was me  and with 
the ambient temperature of 20° Celsius, the operation was 
strenuous. For this reason, we had to stop the observation earlier 
than expected and the data collected was not sufficient. We 
were still able to detect stars of an apparent magnitude of 10.2, 
in polarized light. After the observations, the IRIS prototype 
was fully disassembled and thoroughly cleaned in the clean 
room. 

As a debriefing of this campaign, we decided that bringing 
the instrument flight model in this harsh environment was not 
an option. We then had to design a MGSE to perform all these 
four functions: stable and accurate set up on the telescope, able 
to keep the instrument in a clean environment in terms of micro 
particles and water projection, with the possibility to connect to 
the instrument from outside, without significant distortion on 
the image and no perturbation on the polarization of the 
photons. This clean case will not have to work in a thermal 
vacuum chamber, thus we decided to use PMMA (Plexiglas) as 
the main component. We are working with a company 
specialized in Plexiglas box  for museums or scientific 
experiments  who have the knowledge to create a neat and 
dustproof product. The case is composed in two parts, the upper 
one which is a five faces cube used as the lid and the lower part 
where the instrument is fixed. Both parts are mounted together 
thanks to a dozen screws. The third function, a harness pass, is 
provided by two 3D printed pieces. Their half-moon shape 
allows the passage of the harness connector and you can then 
fix them together on the case lid and seal the whole harness with 
a Kapton adhesive film or a heat-shrinkable sheath. This is an 
easy system to install and to remove the payload from the case. 
It is also completely dustproof. To avoid any distortion due to 

the Plexiglas in front of the camera, we chose to install a UV 
Fused Silica optical window. This cylindrical filter with a 
diameter of 50 mm and 4 mm thickness is the best trade-off 
between the price and the image quality. It will be fastened in 
the case with a Scotch-Weld 2216 in our clean room. We have 
this knowledge as the filters from the filter-wheel on the 
instrument were assembled this way.  

 
 

 
This clean-box is actually between the design and the 

manufacturing phase and the communication between the 
manufacturer and our team are going well. We expect it to be 
delivered before the end of June 2018. 

 
3) Magnetic Room Clean Case 

The second test performed outside a clean room is the 
Magnetic Moment Characterization. During the operation of 
the satellite, the current in every harness and avionic board may 
create a magnetic torque. Depending on its intensity, it can 
perturb the AOCS. Thus it is important to characterize it, to 
know what kind of perturbation we have to expect, and how to 
counter them. The attitude control on our mission is critical as 
the goal is to scrutinize high magnitude stars, so this test and its 
results are essential. 

This will take place in the Amagnetic Chamber at CNES, as 
seen in Fig. 12. This kind of room is used to compensate the 
Earth magnetic field to realize ultra-accurate measurements on 
the magnetic flux density  from the Nano-Tesla to the Milli-
Tesla  on complete satellites or space instruments. The satellite 
must be installed in the centre of the chamber in the Mission 
Mode  with the solar panels deployed  and needs to be linked 
to a computer to allow an operator to run different 
configurations and satellite modes. This is important as the total 
energy consumption depends on the action the satellite is 
undertaking. For example, the high power consuming mode is 
when the satellite is sending the payload data down to Earth 
through the X band antenna. But this action will not activate the 

Fig.  10.  The payload, IRIS assembled on the telescope 
at Pic Du Midi, for qualification measurements  

Fig.  11.   IRIS Clean case, MGSE 
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same current loop and avionics as the payload warm-up 
resistance. So every mode needs to be tested.  

The constraints on this MGSE are close to the IRIS clean 
case. The main differences lie in the size of the box, which 
needs to handle the satellite in an open position, so at least 800 
× 800 × 400 mm3, and the need to have a complete non-
magnetic case to prevent any disturbance on the measurements. 
Moreover, the solar panels are not designed to sustain the Earth 
gravity acceleration, so a steady hold in position for every SG 
is needed. In a reutilization objective, it was decided to use this 
MGSE as the main support during the final assembly phase of 
the satellite. It will need to hold the lower lid and the SG while 
an operator mounts and fixes the avionics rack and the main 
structure. Finally, a part of this support equipment will also be 
used, coupled with an adjustable foot, for the thermal vacuum 
test and for the fully mounted payload test. 

The design adopted to answer all these needs is based on a 
two independent components assembly. The first one is the 
Plexiglas-based case. It is the same design in two parts as the 
one for IRIS, assembled together with forty screws and 
composed of a sealed wire passage. In the middle  both at 
bottom and on top  is a system to fasten the second assembly 
with interface parts screwed directly in the Plexiglas. On the 
middle line of every side is a system to keep the SG steady in 
the open position. They are made by the same company as the 
IRIS case. 
 

The second part of the MGSE is in aluminium only, to be 
able to work in the thermal vacuum chamber without outgassing 
to avoid any contamination on the satellite, and to prevent any 
magnetic contamination during the magnetic chamber tests. 
The design is quite simple; two lids are pinching the satellite in 
its length direction. They are linked together thanks to four 
aluminium tubes. Both lids are made by additive manufacturing 
to accelerate the fabrication process and lower the prices. This 
design also helps the handling of the satellite once it is 
completely assembled. 

  
4) Assembly Manual 
The assembly is a critical phase in the life of a satellite. Every 
step must be thoroughly detailed to avoid any mistakes or 
misunderstanding from the operator who will perform the 
operations. In the French CubeSat history, a sad event is the 

perfect example of this need of rigor. The nanosatellite Robusta 
1A [2] from the Montpellier University  their first CubeSat  
worked in orbit during a couple of hours only. The problem 
came from their solar panels which were plugged in the wrong 
way, the plus on the minus and vice versa. The operator in 
charge of the assembly was perhaps not the person who 
designed the power generation system and with a lack of 
documentation, the mistake happened. To avoid such disasters, 
the redaction of a complete assembly manual was sought.  

A manual had already been written for the assembly of the 
instrument  prototype, and used substantially as this prototype 
was assembled and disassembled more than once. Thanks to it 
we learned a lot on how to create a coherent and straightforward 
note, on what to include not letting the operator in doubt during 
the assembly. What came out was the use of a lot of informative 
pictures of the operations with exploded views from the CAD 
models, but also a complete drafting of the operation with 
section views in case of hesitation. The complete bill of material 
before each part is crucial, with the list of tools to use during 
the work.  

The design adopted for the manual is composed of a couple 
of notes linked together like an inverted tree with at the top the 
main note. This one describes the work in general, the 
precautions that have to be taken, the list of tools available for 
the operator and their place in the clean room, the formal 
paperwork and quality assurance reports to be filled in during 
the assembly phase, the name of the student, technician or 
engineer to contact in case of ambiguity. It also contains the 
complete diagram that links all the notes together, giving 
direction on the order between them. The main note does not 
contain any assembly instruction. 

Every other detailed technical assembly note adopts the same 
layout and construction to avoid any confusion for the operator. 
It starts with the details of the operations covered in the note, 
and a general overview of the parts and tools used. Then a step 
by step detailed procedure is presented. For every step, there is 
a list of the tools needed, the parts and their reference, the 
screws and washers used, and a detailed CAD view of the 
components to assemble. For some particular step we need to 
mount the screws with a controlled tightening torque, thus a link 
is given to a detailed note explaining the good use of a torque 
wrench and the documents to fill in to track the good tightening 
of these components. Some other steps need a thread-lock for 
the screw, application of VHB double face adhesive or Scotch-
Weld structural adhesives. These steps are crucial and need a 
quality follow-up, thus the note refers to the procedure to 
respect and the documents to fill in after their realization.  

The usefulness of standardized referencing of the parts, 
previously presented makes sense for this phase of the project. 
Even if the operator is not accustomed with the parts used 
during the assembly, there is no possibility for him or her to be 
mistaken between two parts as they are all referenced with a 
different and dedicated code. In the clean room, the mechanical 
parts are stowed in boxes or plaster with the reference printed 
on it.  

The whole assembly manual will be printed and always be 
available in the clean room in both paper and electronic 
versions.  
 

Fig.  12.  The Amagnetic chamber at CNES  
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B. Qualification Model Definition File 

to the functional and physical characteristics of this product 
that allows identifying and describing it in order to 

 
This description taken from the CNES quality and normative 

3] defines 
the purpose of the definition file (DF). For larger satellites, this 
DF is coupled with a Fabrication File and a Control File, to form 
the Industrial File. For the EYESAT project, in regard to the 
project complexity, we decided to create only one document, 
and regroup all the information in the definition file. Our goals 
for this document are numerous. First, we want it to be the 
reference document in term of the satellite design. It will 
include all the information about the mechanical, electrical or 
avionics design. In such a way that when someone is wondering 
about the design, he or she will be able to find the answer just 
by reading the dedicated part of this document. Secondly, it 
needs to congregate the drawings, datasheets and 

all mechanical parts, avionics and 
components on the satellite. Due to the high turnover on the 
project, this is essential to track and archive the exact 
components used on the qualification model. In fact, some 
components  version may change between this model and the 
flight model, as the manufacturers are improving their products 
and our team are making slight modifications to improve the 
accessibility for the assembly. This is important for the future 
to know exactly which parts were used on the QM, and their 
characteristics. In general terms, one must be able to recreate 
the exact same satellite just with this definition file. Moreover, 
the CubeSat standard is perfect for reuse between different 
projects, and through the JANUS project the definition file will 
help every French University Space Centre in the choice 
making and justification of their design and technology.  

The major constraint on this document is to have something 
sufficiently detailed to avoid misunderstanding from the reader, 
straightforward so everyone is able to understand where to find 
the information and where does it come from, and succinct to 
keep it easy-reading.  

To do so, the choice fell on a structure based on succinct 
description of every system, sub-system and choice, which 
redirects the reader to an applicable document or reference 
document every time the subject is too deep to be explained in 
the definition file. For example, to explain the manipulations to 
fasten and solder the solar cells on the solar panel would be too 
long and complex, so we refer directly to the reference 
document which gives every detail on these manipulations. In 
the end, we will have a document synthetizing the whole design 
with links to every dedicated technical and design document.  

The annexe parts will also be a huge share of the document 
as every mechanical drawing and technical datasheet must be 
included. This pushed us to create a reference table to 
summarize it in an accessible way and redirect the reader to the 
part he or she is looking for. This table is directly based on the 
normalized referencing and rounds up information about the 
blueprints such as their reference, usual name, date of creation, 
etc. As a part of the annexes, an archive including every 3D part 
used to manufacture the mechanical parts of the qualification 
model will be given. In fact, nowadays when one is dealing with 

the manufacturer the drawing does not contain all the 
information useful for the machining. Most of them are in the 
STEP file format  the most widely used data exchange form 
for CAD files  and the mechanical designer only includes the 
functional dimensioning in the technical drawing given. 

The definition file starts with an introduction to the satellite, 
a general view of the mission and the qualification model and 
the explanation of the reason to be of the document. It is 
followed by the list of applicable and reference documents used 
to detail the design and ideas, coupled with a list of the acronym 
used in the document, to ease the reading. The documents are 
classified thanks to a project denomination code on a dedicated 
secure server. In the table, both reference code and document 
title is specified to give more detail on the nature of it. This list 
is followed by the index regrouping every annexe as explained 
before. 

An important point on the model is the mass budget and the 
inertia matrices of the satellite. They are mainly used for the 
attitude control and for the acceptance of the CubeSat in the 
deployer. They need to be accurate and detailed. They are 
acquired thanks to the CAD software, using a refined model 
including all the components mass as measured in the clean 
room. Thus we can ensure the validity between our mass model 
and our real satellite. The summary contains the detailed mass 
of every component as weighed during the quality-process of 
conformity  when a component of the satellite is received and 
enters the clean room, a complete record is written, including 
mass, visual aspect, packaging aspect, the size of it, etc.  
thanks to that, one can easily know the mass of a sub-assembly 

Fig.  14.   Definition File plan 
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or a particular avionic board. This is mainly useful for the other 
projects, to give them a clear idea of components mass. 

We have then the design description and explanation, 
detailed as follows: Mechanical Architecture, Mechanisms, 
Thermal Architecture, Electrical Architecture, Avionics 
Architecture and Payload Design.   

The Mechanical Architecture comprises the physical part of 
the satellite. The justification of the structure design is given, 
and the associated treatments are explained. The process used 
for the fabrication are detailed and defined as the mechanical 
stress analysis done on the different satellite parts. General 
indications are given on the screw locking project-choices, as 
other minor details. With these indications and the reference 
files, one must fully understand the choices about the 
mechanical architecture made here and should be able to 
recreate or adapt the design to his or her own project. The main 
objective behind it is to speed up the mechanical development 
of every CubeSat mission in the JANUS project, as the 
mechanical structure is most of the time similar between the 
missions.  

The main difference between the Mechanisms and the 
Mechanical parts lies in the movement. A mechanism is based 
on mechanics in movement; and most of the time pairs 
mechanics with electrical actuators or sensor. The major 
mechanism in EYESAT is the Hold Down and Release 
Mechanism (HDRM), which combines the thermal knife and 
the composite auto deployable auto lockable hinges. This 
system is essential as it is used to open the solar panels. The 
details on the mechanism operation and performance are given 
here as well as the design justification. The other mechanisms 
as the remove before flight and kill-switches and reaction wheel 
are also detailed in this part. 

The Electrical Architecture includes every electrical boards, 
power generation and power storage in the satellite. The 
electrical boards are to be differentiated from the avionics. 
Their role is mainly to manage the power through the satellite, 
the charge and discharge of the batteries, and the electrical 
communication between the elements and the on-board 
computer through the PC104. They all are designed by students 
and the design justification will be given here by the person in 
charge of this part.  

The Avionics Architecture comprises the boards in charge of 
running the satellite such as the Ninano (on-board computer), 
the X-band and S-band emitter or the magnetorquer board. All 
of them are off-the-shelf components, but their specification, 
operation and manipulation will be explained here.  

Finally, the Payload will be detailed in a short part as most 
information is available in the dedicated reference documents 
about it, with the external participation of our scientific team 
from the IRAP/CNRS.  

In a general way, the name of the broker will be given for 
every component, as their interfaces with the other components 
in the satellite. Some of them have particularities that also need 
to be mentioned to avoid confusion or mistakes during the 
satellite design phase.  

This document is concluded by the appendix. 
 

V. QUALIFICATION TESTS 

In every satellite or space project, the qualification phase is 
essential. Its primary goal is to identify problems that could 
result in flight failures. A general rule suggests that every non-
tested system will fail once in flight. This empirical claim is 
not a scientific truth but more a common feedback from the 
space industry. The main difference between the satellite 
industry and the others, like the automotive industry, is the 
fact that it is not possible to create and test a prototype which 
will work in the real product-environment. The cost of a space 
mission is mainly fixed by the launch price  approximately 
80  for a CubeSat  and no one can afford a launch only 
to test a prototype. To avoid it, we can reverse the problem. 
Instead of launching the prototype to test it in real space, we 
recreate the space environment on Earth to run the test 
campaign. This way we can have proper results for a much 
lower price. The tough part in this process is to recreate the 
environment with an accuracy good enough to avoid any 
overtesting or undertesting. For safety reasons one will always 
choose to overtest its product but the levels have to be 
designed accurately, otherwise problems and failure that will 
never appear in real flight could be detected during the tests.  

For the EYESAT project we are able to manufacture a model 
dedicated to the qualification and one for the flight. Thus we 

will have two different levels, the qualification and the 

Test Campaign start 

Mechanisms Tests 

Vibration Tests 

Thermal Vacuum Tests 

Magnetic Moment Characterisation 

Flight Software Tests 

Qualification Review 

Mechanisms Tests Flight Software Tests 

Fig.  15.  Test campaign flowchart  
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acceptance ones. The first are more conservative than the 
second ones, and mainly used to detect problems, even if they 
may not appear during real launch and flight. The second ones 
are only used as a safety measure in case of a mistake during 
the manufacture or assembly of the satellite.  

The qualification test campaign is including tests on the 
mechanisms, in vibration and thermal vacuum but also on the 
robust operation of the flight software and the good 
communication between the equipment. The flowchart in Fig. 
15 represents the complete campaign planned for EYESAT. It 
will start right after the validation of the qualification model 
assembly. All electrical functional tests are comprised in the 
Flight Software tests. Moreover, between each test a good 
health check will be run as well as a visual inspection to ensure 
the mechanical integrity. At the end of the whole qualification 
campaign, a complete mechanisms test will be run to check if 
the vibration or thermal vacuum environment damaged the 
systems.  

A. Solar Panel Deployment tests 

On the satellite, the solar panel deployment mechanism is 
one of the most critical and complex mechanisms and thus 
needs to be thoroughly tested. The system is designed to work 
in microgravity environment and the available opening torque 
is much lower than the gravity induced torque when working 
on the ground. For that reason, a dedicated bench was designed 
to recreate as accurately as possible the microgravity 
environment. This will act only on the opening phase of the 
solar panel as a complete µg test would be too time-consuming 
and expensive, even if this is possible in a Zero G Parabolic 
Flight such as the Airbus A300 of Novespace is providing. This 
bench was designed to allow the test of a complete opening 
sequence  including the four solar arrays  with a minimum 
size, to be able to place it in a thermal vacuum chamber.  
 

1) Microgravity environment test bench modification and 
validation 

The bench was previously designed and built in 2017 by a 
CNES intern but was never characterized nor commissioned 
due to a lack of time. Figure 16 shows the design adopted for 
this test equipment. The system is based on a counterweight 
effect to counter the gravity force on the panel. Each solar panel 
is directly hooked at its gravity centre with a wire to a weight 
of a controlled mass. This wire will move on a bearing to reduce 
the friction effect to a minimum. The bearing can rotate and 
translate on an axis parallel to the panel.  

An error was made during the design and can be seen from 
the 3D view Fig 16. Indeed, the translation axis is perfectly 
aligned with the middle point of the panel, thus because of the 
bearing diameter, the force applied will not be perpendicular to 
the solar panel in its width direction and it will result in a 
parasite torque on the hinge  not shown in Fig. 17. Moreover, 
the bearing diameter is too small, so the counterweight rubs on 
the other part of the wire.  

Due to a short time constraint, we chose to keep this design 
and characterize the bench in this configuration. With 
appropriate materials for the wire and counterweight we can 
reduce considerably the friction coefficient to a negligible value 
and it was decided that the error in direction of the force will 
not disturb the result of this test.  

 
The choice of the counterweight value is the most important 

part. Thanks to the SUMO (Système Unitaire de Masselotte 
Optimisée), we can easily set it to every value with an accuracy 
of 0.1 grams and double check with a precision scale we have 
in the clean room. As the hinge torque is really low  
approximately 10 20 Nmm  even the friction in the bearings 
are significant for these tests. Thus the counterweight will have 
to compensate the panel weight but also the friction in the 
moving parts of the system. To determine the importance of 
every parameter, we set a simple 2D model and made the 
calculations in function of the deployment angle thanks to the 

 
In this model we have two balance of efforts; one for the solar 

panel and one for the bearing. Some assumptions have been 
made to simplify it slightly:  everything is in two dimensions, 

Bearing 

Translation 
Axis 

Solar Panel 

Fig.  16.  µg environment test bench, CAD view  Fig.  17.  Test bench mechanical characterization  
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the translation friction is neglected such as the dynamical effect 
in the bearing, the translation axis is perfectly horizontal, the 
force F is applied at the exact centre of gravity and every 
component is infinitely rigid. The friction torque induced by the 
bearing is defined by the friction coefficient (f), the force 
exerted on the bearing and its median radius ( ), through the 
Eq. (1): 

 
 

  (1) 
 
 
Both models combined together allow us to express the 

nd law of motion to describe the whole system: 
 
 
 
 
 

 
(2) 

 
 

 
 
 
In Eq. (2), the first part represents the system as it would be 

in microgravity, and the second part is the effect of gravity and 
the counter-effect gives to the system thanks to the bench. Since 
we want to represent an environment as close as possible to 
microgravity, we want the second part to be negligible 
compared to the other parts. To cancel this part, we must have: 

 
 

 
 (3) 

 
From Eq. (3) we can determine the different errors that will 

result in a parasite torque for the system. There are three sources 
of uncertainty: the mass of the solar panel we use  included 
here in P; the dimensions of the bearing and the friction 
coefficient. The mass will be determined before the test thanks 
to a precision-scale so we can estimate the accuracy of the 
measurement lower than 0.1%. The bearings are high-precision 
mechanical parts so their dimensions will be well known and 
with good accuracy. The last factor however, is not known and 
we can only estimate it  
determine it with measurement on the real bearing. As these 
bearings are not used in their nominal configuration, we chose 
the second method. Indeed, they were thoroughly cleaned from 
all grease and oil to avoid any contamination, so the friction 
coefficient is highly modified, as well as the loads applied and 
the rotation speed are far from the nominal use.  

To determine this coefficient, we applied an experimental 
approach that was simple enough to be done directly on the 
bench. Even if the result is worse than with dedicated tools, it 
allows us to get fast results with accuracy sufficiently good for 
our purpose. The way it was done is simple: we set the SUMO 

system at the exact same mass as the solar panel and then we 
linked both on the bench  one on each side of the bearing  
with the panel untied from the satellite. This system is now 
balanced, in static equilibrium. By improving the mass of the 
SUMO, we try to reach the movement equilibrium part: the 
system must be stable while in movement  it means the solar 
panel is moving up or down on the bench, at a constant speed  
and then note the mass difference added. The experiment is 
done a couple of time to have multiple data. At that point we 
can easily calculate the friction coefficient thanks to the 
equation (3).  

We found a friction coefficient of approximately 0.025 for 
the bearing we tested. This is way more than the announced 
value of 0.005; mainly explained by the lack of grease. This 
value corresponds to an extra-mass of 7 grams for the 
counterweight.  

We now have all the keys to determine if the test bench is 
able to perform the validation test of solar panel deployment. 
We will do a calculation to compare the torque developed by 
the hinge to the possible parasite torque induced by the bench. 
Once this is validated, the Solar Panel Deployment Test for the 
qualification model will be set up and performed. 

On one side, we can estimate in a conservative way the 
maximum error induced by the second part of the Eq. (2), which 
is directly linked to the friction coefficient  but could also take 
place in the length error between the wire attach on the solar 
panel and its centre of gravity  and then plot it in function of 
the opening angle. On the other side, we have the data for the 
opening torque, function of the deployment angle, measured by 
the company manufacturing the hinge. Due to the complexity 
of the hinge  it is a tri-composite materials with anisotropic 
properties  the opening torque is non-linear and only known 
thanks to in situ measurements. There are two major risks here: 
in the first case, if the counterweight is set too heavy compared 
to the solar panel, a non-negligible torque will be created that 
will help the opening of the hinge. Thus, the test will not be 
representative as the solar panel could open only thanks to the 
parasite torque. The second one is the opposite phenomenon; if 
the counterweight is set too light, a torque will prevent the 

Part 1 

Part 2 

Fig.  18.  Torque perturbation plot, compared to the 
hinge torque  
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opening of the panel. In this case we will not be able to know 
the reason of the failure, is it the counterweight or the hinge 
itself? To get rid of every doubt the choice to set a safety factor 
was made. This factor is the ratio of the hinge torque by the 
parasite torque. It is calculated at each instant of the deployment 
sequence and must not be lower than 4. Thus we can ensure the 
good results of the experiments.  

 
In Fig. 18, we can see a plot of the hinge torque and different 

parasite torques, all function of the deployment angle. The 
angle starts at 90 degrees and goes to the fully open position at 
180 degrees. There is also the safety factor plotted on the same 
graph, function of the deployment angle. For this specific 
configuration of hinge and bearing we have a minimum safety 
factor of 5.46. We can now be confident in our experiment: the 
results of the test will not be affected by the bench. 
 
2) Tests set up and realisation  

 
This test will recreate the complete sequence of solar panel 

opening in the simulated microgravity environment. This goes 
from the electrical command in the HDRM to the validation of 
the deployment. To do so, we need the following equipment 
assembled together: the four HDRM and their electrical 
command, the structure with two lids, the composite hinges, the 
solar panel and the electrical harness. Before the real tests, we 
will run a couple discrete tests, including only some elements 
to check their good functioning. 

The first part of this test is here to certify that our tool and 
elements are working well on their own. We will run a HDRM 
deployment test without the solar panel to know if the thermal 
cutter and release mechanism work great, as well as if the 
electrical connections are correct. We will also test the bench 

on the opening of a prototype solar panel (one from the 
structural and thermal satellite model), with a composite-hinge 
of a previous generation. We cannot use the qualification model 
hinges as every opening has an impact on their performance, 
and this set up will need a couple deployment before reaching 
a final configuration.  This test is also used to validate the good 
dimensioning of the counterweight and the operation of the 
whole bench.  

We used some ballast to increase the panel weight to the QM 
one, and positioned them to get the same gravity centre. At this 
point, we set the wire to link the panel to the counterweight, 
thanks to an installation with Kapton and knots. This way is the 
simplest one and is robust enough to sustain the efforts at stake. 
We tested the equilibrium by installing the panel and the 
counterweight only, on the bench. The solar panel was perfectly 
balanced  it stayed still and horizontal  and the counterweight 
was well dimensioned. These first steps validated, we were able 
to continue to the deployment on the prototype solar panel. We 
used an old satellite structure and assembled everything. Once 
the test was set-up, the release mechanism was ensured by a 
Kapton adhesive that was cut thanks to scissors. Thus it ensured 
a clear and precise dynamics, without the risk of adding an 
initial velocity to the system. These tests were done three times 
and were all successful, even with the old and performance-
degraded hinges.  

 
 

B. Vibration environment test set up 

During the life of a satellite, its time in the launch system is 
by far the most violent and dangerous for the mechanical 
integrity and the instruments adjustments. Thus, one will need 
to test it thoroughly to ensure the fully compliance of the 
payload with the launcher environment, or to detect a possible 
failure and adjust the design. The tests campaign will follow the 
specifications of the NASA GEV: GFC-STD-7000A and the 
ESA ECSS-E-ST-10-03C standards [20] [21]. Three different 
tests will be performed during this campaign: the Quasi-Static 
Acceleration, the Sinusoidal Vibration and the Random 
Vibration. The first one is done to check the entire spacecraft  
ability to sustain the launcher acceleration during the ascend 
phase. The second test is here to test the spacecraft  structure 
integrity dimensioning under the flight loads, multiplied by a 
safety factor. The random vibrations are generated by the 
launcher engines and the structure vibro-acoustic response. 
They are also used as a test to validate the workman-ship  
when a human is assembling a satellite, a mistake or negligence 
can be done and result in a failure  and are far more critic for 
small components such as harnesses and optical alignments. A 
third type of vibrations also occurs during the launch, known as 
the acoustic vibration, but is only tested on larger satellites and 
flexible appendages with low natural frequencies. Indeed, 
CubeSats are not susceptible to acoustic noise excitations as 
their maximum surface is really small. Moreover, the satellite 
is protected by the launch-pod.  

To have good results for the test, we must respect some 
requirements: 

- The spacecraft shall be mounted with the same 
interfaces as in real environment 

Deployment Test Campaign start 

HDRM Tests 

Assembly of the satellite elements 

Mounting on the bench and bench set up 

Deployment tests 

Bench test and set up 
on STM solar panel 

End of the campaign 

Fig.  19.  Deployment test campaign flowchart  
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- The satellite and the pod shall be instrumented during 
the tests, to monitor the excitation and frequencies 

- A visual check shall be performed before and after 
each test 

- A resonance check shall be performed before and after 
every test to evaluate the inner spacecraft integrity 

- The levels used shall be representative of the launcher 
environment 

These requirements are leading the development of the tests 
campaign. The most complex decision to take is for the levels 
used for both random and sinusoidal vibration tests. Higher 
levels mean a higher safety coefficient, but raises the risk of 
over-testing which is as dangerous as under-testing. One may 
discover a failure during the tests that would never occur during 
the real life of the satellite. We have the choice between two 
determined sets of levels: the one recommended in the GFC-
STD-7000A NASA standard and the one from the Soyuz User 
Manual [22]. The first levels are more conservative and allow a 
spacecraft or flight hardware to be qualified for most of the 
actual launchers. The second ones are more specific to the 
Soyuz launcher and thus lower and more permissive. As 
EYESAT will be launched with a Soyuz operated by 
Arianespace/ArianeGroup, the choice was naturally the 

dedicated levels for an auxiliary passenger. But for a CubeSat 
project without a fixed launcher, the first set would have been 
useful to respect every launcher environment. On some other 
projects, one may also draw its own envelope, taking into 
account every launcher used in the world, to be fully compliant 
without having to make the choice of a launcher before the 
design phase and the qualification tests. This is also true if one 
wants to make a CubeSat constellation, with tens or hundreds 
of CubeSats, launched with different rockets.  

Before the test campaign starts, a thoroughly good health test 
will be performed as well as a deployment test for every 
mechanism. During the campaign, we need a way to know if 
something went wrong between each phase. To do so, a 
resonance seeking sweep will be performed before and after 
every test. This sweep is done at a low g  from 0.25 g to 0.5 g 
maximum  and is performed in sine vibration, to find the 
behaviour of the satellite between 5 to 2000 Hz. Thus we will 
be able to see every first frequency and the satellite response to 
the vibration. These data will be cons
mark. The initial sweep will be compared to every post 
vibration sweep. Any shift in frequency larger than 5%, or in 
amplitude higher than 20% will be taken as a failure. Moreover, 
the first natural frequency must not be lower than 90 Hz. If such 
a thing were to happen, the project will freeze and a complete 
investigation would have to be done to find the problem s origin 
and to fix it. Otherwise, for every value respecting the success 
criteria, the test campaign will continue. On the other projects 
ran in Toulouse, during their vibration test, they had to stop it 
twice because of an anomaly. The first one was due to a screw 
which was not well fixed, and came loose during the vibration. 
The second one was due to an accelerometer that detached from 
the satellite, due to a problem in the fixation process, and gave 
false data. 

To avoid these kind of problems on EYESAT, every screw 
and bolt are assembled with a torque wrench at a specific 
torque, with an anti-vibration washer. After being tighten, a 
point of 2216 epoxy adhesive is applied. Thus, with a simple 
visual control we can ensure the good application of the 
assembly procedure. For the accelerometer, the assembly 
process is the following: Kapton tape is applied on the satellite 
structure as well as on the accelerometer, then both Kapton are 
bonded together. The failure came from the bond resistance that 
was too low to sustain the efforts induced by the acceleration 
on the accelerometer. To ensure a super-resistant bond, we 
defined a new process, thanks to our previous experience 
gained on bonding and adhesives. Both Kapton surfaces will be 
cleaned thoroughly to avoid any contamination; VHB 9473 will 
be applied between these two clean surfaces and pressed for a 
minimum of twelve hours.  

To monitor these frequencies, the pod and the satellite will 
be instrumented. We cannot allow the installation of 
accelerometers inside the satellite itself as it would induce its 
partial or complete disassembly to mount and dismount them. 
Thus we can only install them on the structure of the satellite 
and the pod. Four three axis accelerometers will be used, one 
on the satellite structure to get the main response, one on the 
solar array and two on the deployer. The one used to determine 
the success/fail criteria will be the structural one as it allows 
getting the response of the whole satellite with the best 
accuracy. The others are here to monitor the coupling between 

Fig.  20.  Vibration levels for the qualification tests  
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the satellite and the pod, and to get in situ measurement of the 
solar panel vibration and natural frequency.  

We are now heading towards the realisation of these tests, 
which are planned on the first week of August at the ICA  
Institut Clement Ader  in Toulouse. Thanks to the heritage of 
the ENTRYSAT project and the collaboration with their team, 
we were able to get the dedicated interface plate to mount the 
ISIPOD on the electrodynamic shaker. The ICA is a research 
laboratory in structure, systems and mechanical processes ran 
by the CNRS and universities in Toulouse. [15]. In their 
vibration research department, they have a 10 kN shaker system 
that can meet the qualification levels used for the project. 

The tests procedures are defined and written; and we are 
waiting for the end of the qualification model assembly and the 
first good health tests to implement the sensors and integrate the 
satellite in the pod, before enclosing it to transport it safely to 
the vibration test facilities. 
 

VI. CONCLUSION 

The qualification model for the nanosatellite EYESAT is 
almost finished and the assembly, integration and test phase 
advances greatly. Thanks to an incredible and meticulous 
teamwork of a dozen students during six months, the project 
moved from a design phase, with mainly paperwork design 
studies and computer assisted design, to a real satellite suitable 
to be space qualified and to run cutting-edge scientific missions. 
The main work on the computer assisted design, drafting and 
finite element modelling present in this thesis were done with 
CATIA. As the digital mock-up for the qualification model is 
now frozen, a new version was made to implement every small 
modification needed to correct the problems identified during 
the AIT. This one will be used for the manufacturing of the 
flight model. 

As the main working team is made of interns, some mistakes 
slipped through the net, as well as some assembly procedures 
were not adequate and thus very time consuming. Hopefully, 
we learned a lot from these experiences and the flight model 
design will integrate these changes as well as the assembly, 
integration and test phase; everything is planned to be smooth 
and efficient. 

The second main challenge, which is not explained 
thoroughly in this thesis, is the information flow, centralization 
and loss. Most of the interns who worked on this qualification 
model will not be present during the flight model realisation, so 
they must find a way to transmit all their knowledge to the 
future students. Hopefully some permanent engineers, mostly 
previous interns, got hired for the end of the project. I 
personally think that the information loss through the turn-over 
is the main barrier against complex student CubeSat missions. 
We are now working on management strategy and data 
centralization, but this issue is more a project management one 
than an engineering one, and must be solved at a personal level 
for each student. 
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