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ABSTRACT

ISAE’s EntrySat student satellite is one of the 10 QB50
In-Orbit Demonstration (IOD) satellites. The scientific
objectives have been defined in collaboration with ON-
ERA and are the following : to refine the atmospheric
modeling between 120 and 350 km and to refine the aero-
dynamic coefficients modeling. Aerodynamic forces and
associated kinematics (position, attitude motions) will be
evaluated. EntrySat will perform these measurements
during orbit decay phase and destruction phase. This pa-
per presents the EntrySat mission, in board instrumenta-
tion and pre-flight analysis.
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1. INTRODUCTION

1.1. Context

Since 1957, the number of space debris has significantly
grown, not only due to the increase of satellites launch
but also to the rise of in-orbit collisions. Soon, the atmo-
spheric re-entries will be more and more numerous due
to both in-orbit collisions increase and afterwards to at-
mospheric drag, leading to involuntary de-orbiting pro-
cess. During the last forty years, around 16,000 tons of
space debris entered the Earth atmosphere. Between 10
and 40% of this mass has impacted the Earth surface,
representing a serious threat for goods and persons [1].
Since 2008, the French Space Operation Law (LOS) pro-
ceeds to control the National space activity, especially
to limit risks linked to orbital space debris. Meanwhile,
ONERA has developed a new 6-degree of freedom tra-
jectory code called MUSIC/FAST that couples aerother-
modynamic loads as well as ablation and fragmentation
to flight mechanics, in order to improve the accuracy of

atmospheric trajectory computations. To date, physical
models used in MUSIC/FAST have only been tested and
calibrated for a series of larger controlled vehicles and
objects entering the atmosphere. The real-world valida-
tion strategy proposed is based on a specific satellite re-
entry mission called EntrySat, set up for collecting flight
data. The EntrySat mission is a students collaborative
project between the Institut Superieur de l’Aeronautique
et de l’Espace (ISAE), the Office National d’Etudes et de
Recherches Aerospatiales (ONERA), and the Centre Na-
tional d’Etudes Spatiales (CNES) to fly a 3-U CubeSat
under the QB50 mission scheduled for launch in 2015.
The primary objective of the mission is to return data
from the hypersonic air environment around such a small
object that behaves like an orbital debris after de-orbiting.
As a matter of fact, the EntrySat mission will be a unique
occasion to record temperature and drag force data during
such re-entry event aiming at validating re-entry models
especially to small sized debris, presently questionable.
Although most of the mission duration will be devoted to
orbital operations, the last seconds into atmosphere focus
attention. Data collection from GPS, absolute attitude,
magnetometer, and satellite dynamics via on-board IMU
will allow correlation between temperature data and drag
force data to the satellite orientation and real-time tra-
jectory until destruction. Communication provisions will
be made through the use of alternative networks such as
the Iridium constellation, in addition to UHF/VHF radio
to ensure data. This project is intended to fly as an In-
Orbit Demonstration (IOD) satellite for the QB50 con-
stellation.

1.2. QB50 Flight Opportunity

QB50 is a network of 50 Cubesats that is planned to be
launched together in the first half of 2015 into a circular
orbit at 320 km, inclination 79◦. This project was created
by the Von Karman Institute (VKI) for Fluid Dynamics
in Brussels, Belgium, to fulfill both scientific and educa-
tional purposes. Indeed, the conception and fabrication
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be controlled by ISAE ground station, through the lo-
cal ground station or via the Global Educational Network
for Satellite Operations (GENSO) network. Raw science
data shall be sent to the ground station via UHF/VHF
(during nominal decay phase) or the Iridium network as
necessary through Short Burst Data (SBD) transmission.

ISAE mission operation and satellite control will be
linked to the main QB50 network through the internet.
Expected mission duration is between 2 and 3 months,
depending on the atmospheric state.

3. EXPERIMENT DESCRIPTION AND RE-
QUIRED RESOURCES

3.1. In Orbit Demonstration Science Case

The proposed in-orbit experiment can be divided between
two phases, as can be the natural atmospheric entry of
orbital debris.

Phase 1) The first part of the experiment deals with ac-
curate prediction of orbital decay, especially with respect
to time remaining before entry, typically a few weeks or
months. At the atmospheric entry point, the slope an-
gle suddenly increases and the object must be destroyed
before 70 kilometre. The atmospheric re-entry part will
spend only few second. Accuracy of the trajectory simu-
lation during orbit decay depends on the accuracy of sev-
eral physical models:

• Atmospheric modeling (between 120 and 300 km):
the whole QB50 project contributes to increase
knowledge of the thermosphere since this is its first
goal.

• Aerodynamic coefficients modeling in the rarefied
and transitional regime.

To refine these models, aerodynamic forces and asso-
ciated kinematics (position, attitude motions) should be
available; EntrySat will perform these measurements dur-
ing orbit decay phase.

Phase 2) During the second part of the experiment, the
destruction phase, EntrySat will melt and break up. The
expected velocity value is about 7 km/s and the break-
up altitude and onboard conditions changes can be only
determined if the CubeSat is suitably equipped to send in-
formation during re-entry. This kind of information is of
primary importance to improve the multi-physics model-
ing during atmospheric re-entry as well as to improve the
prediction of the survivability of satellite or launch vehi-
cle elements.

While the first part of the experiment (measurements in
the rarefied and transitional regime) can be performed
with an excellent level of confidence, the data transmis-
sion during the second phase, in spite of the blackout

expected to occur, will be a true challenge. During the
early entry phase, data transmission will be achieved
using two Iridium antennas (on both sides of the satel-
lite). However, the exact technological choice for data
transmission during the second part of the experiment
remains under consideration because they will need
further computations and experimental validation in
phase A of the project.

The entry profile will be used thanks to the following
tools:

• A 6 degree of freedom code will be used by ON-
ERA to simulate the trajectory of the CubeSat. This
code is coupled to physical models accounting for
the real 3D geometry of the CubeSat, the aerody-
namics forces and heat fluxes occurring in the rar-
efied, transitional and continuous regimes as well as
the multi-physics phenomena (ablation and break-
up). An integrated Monte-Carlo method allows the
quantifying of uncertainties of models (and obser-
vations) along the trajectory. That advanced tool,
called MUSIC/FAST, already used successfully for
complex atmospheric re-entry of space vehicles will
allow to validate the choice of materials (and their
thickness) equipping the CubeSat as well as to accu-
rately define the scientific instrumentation. In par-
ticular, the ablation of the CubeSat could be simu-
lated.

• An aero-thermodynamics tool will be built by ON-
ERA and Rtech in order to validate the above men-
tioned tool at some flight points using DSMC simu-
lations for the transitional regime and Navier-Stokes
computations (chemical disequilibrium) for the last
part of the trajectory.

• The scientific instrumentation, especially heat flux
sensors, piezoelectric sensors and thermocouples
will be tested in a realistic heat loads environment
by CNRS.

The present experiment is very complementary to the
VKI Re-EntSat experiment. The latter satellite aims to
collect data during a controlled atmospheric re-entry of
vehicle or debris, while the ISAE experiment focuses on
natural uncontrolled reentry of orbital debris and specifi-
cally on the prediction of trajectory and understanding of
the reentry environment.

3.2. Mission Analysis

3.2.1. Contact with Iridium constellation during
reentry

An important part of the mission design relies on the con-
tact between the satellite and the Iridium constellation
during re-entry. It is necessary that:










