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Abstract
This  paper  aims  to  facilitate  getting  acquainted  with  CubeSat  preliminary  design  by
presenting a review of open-source tools commonly used during project first steps, and a
concrete example. The light but realistic preliminary design framework is based on a real 3U
CubeSat use-case, the CREME project, relying on Nanospace and a package of selected
Open-Source tools. This example should allow students and non-related field experts to fully
grasp the concepts needed to achieve the basics of a typical preliminary design.

Keywords
Preliminary design, CubeSats, Softwares
__________________________________________________________________________

1Corresponding  author:  ISAE-SUPAERO,  Université  de  Toulouse,  France,  thibault.gateau@isae-
supaero.fr 
2 ISAE-SUPAERO, Université de Toulouse, France
3 ISAE-SUPAERO, Université de Toulouse, France
4 ISAE-SUPAERO, Université de Toulouse, France

Page 1 of 6



4th Symposium on Space Educational Activities
Barcelona, April 2022

1. Introduction

The preliminary design phase is one of the ini- tial
steps  in  a  CubeSat  project  (Phase  0/A  in  ESA
nomenclature).  Preliminary  design  is  an  iterative
and  a  multidisciplinary  process.  It  involves  many
disci-  plines  such  as  orbital  mechanics,
telecommunication,  electronics,  mechanical
engineering,  control  theory,  and  thermal
engineering. Therefore interdisciplinary exchange of
information  is  essential  to  attain  a  pre-  liminary
design. System engineers normally lead the process
for  the  different  disciplines  to  work  together,  but
without the aid of tools to enable this, it becomes a
very  time  consuming  task.  While  many  ways  of
how to proceed with spacecraft preliminary designs
have  been  proposed,  such  as  Concurrent  Design
Engineering [1], few really propose an Open-Source
set  of  tools  and a method to attain a preliminary
design. This has been identified as a gap in students’
training during the  Nanostar project. Nanostar has
led to the development of a consistent set of tools
for  achieving  a  CubeSat  preliminary  design.
Nanospace started to be developed in the context of
the Nanostar project. Nanospace is an open-source
software  dedicated  to  facilitate  the  preliminary
design  of  CubeSats  for  re-  mote  teamwork.In  an
academic  context,  open-source  approaches  have
many reasons to be applied in CubeSat projects [1].

A full package of Open-Source software is proposed
as  an  operational  Nanospace  Constellation,  along
with the iterative process methodology to manage
them  in  order  to  achieve  a  simple  but  realistic
prelim- inary design of a 3U CubeSat. Note that the
process is iterative and modular, meaning that users
can  sim-  ply  deploy  their  own  tools  (maybe
replacing the ones proposed) in the process to get a
deeper analysis of expertise.

Generally,  a  team proposing  a  preliminary  Cube-
Sat  design  for  a  specific  space  mission  should
obtain:

In  the  following  sections,  first,  a  brieft  overview
of  existing  open-source  software  that  allows  part  of a
CubeSat  preliminary  design  and  related  work  on
concurrent  design  engineering  tools  is  presented.

Afterwards, a use-case scenario is explained, based on a
lighten preliminary design of CREME project 3U CubeSat.

2. State of the art

2.1. Existing software

Preliminary  design  software  is  a  very  dynamic
ecosystem.  This  section  does  not  aim  to  be
exhaustive  ally  used  during  preliminary  design
phase.  This  ar-  ticle  does  not  aim  to  cover
proprietary solutions.  However,  most  the  software
mentioned  here  is  con-  sidered  as  “academic-
friendly” for sake of pragmatism. Many open-source
software, methodologies and recommendations can
be easily found online. This includes the Libre Space
Foundation  initiative,  full  open-source  CubeSat
projects such as the UPSAT initiative, FloripaSat-I
[2],  and  educational  projects  [3].  In  addition  the
“open-source Satellite” initiative provides a first list
of  teams  and  software  of  the  open-  Below  we
describe  different  software  that  can  be  used  for
CubeSat  preliminary  design.  We have  clas-  sified
them based on their purpose: mission analysis, link
budget,  data  budget,  mechanical  architecture,
energy and power system (EPS),  attitude determi-
nation  and  control  System  (ADCS),  end-of-life
disposal, dissipation budget, and radiation budget. A
list of the different data inputs and outputs usually
taken  into  account  during  the  process  is  also
included. Inputs and outputs are illustrative and can
vary  de-  pending  each  project.  They  may  be
obtained  through  design  iterations,  and  may  be
dependent to internal processes. For example, a list
of visibility windows of the ground station can be
provided  by  the  mission  analysis  to  the  module
computing the data budget. Another possible option
would  be  to  provide  Keple-  rian  parameters  and
ground stations location to the module computing
the data budget. 

2.2. Mission Analysis

Mission analysis usually consists of orbit definition,
surface coverage, visibility windows, eclipse calculation.
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Figure 1. Simulation example: battery remaining
power  (3  day  at  2000km  with  a  SSO
midday/midnight orbit - 4 solar arrays of 6 W).
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