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Building Low Cost Cubesat:
¥ Guidelines and Design Approach
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Introduction - Why Cubesats?

The Cubesat model provides almost all of the benefits
of alarger program at a fraction cost.

Cubesats are valuable educational tool to leverage
aerospace capacity building since emphasis 1s
put on the “learn-by-doing” process.
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Introduction - MASAT 1

Objectives:

1. Enhance capacity building in
space technology and

.......

spacecraft engineering
through designing and
integration of both the space
| coneEnrie e and ground segment

Ordinateur de

: Vis sans fin
bord secondaire

Carte mére’

Ordinateur de bord

9. Establish a reliable radio link
with low-cost mission
control ground station for
control, command, and
telemetry retrieval.
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3. On-orbit reconfiguration and
testing of the FPGA based
secondary OBC.
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Methodology - ECSS Framework -

ECSS-S-8T-00C W ECSS-S-ST0001C
System description Glossary of terms

M-10 0% * Q-10 disciph
dphee DS E-10 discipline __{U-10 discipiine
hp.opa planning : System enginesring Space debris
€-20 discipline
LT e, | i
Quality assurance enginearing .
£-30 discipline
M50 discipline '
. e o Bhoaptia “"’"““""‘ﬂ
management 2
E-40 discipline
T SR Software engineering
Integrated logistic support Safety
‘ -50 a.dnlho
M-80 discipline Q-60 discipline
Risk management i _‘E-ﬂ discipline
Q-70 discipline
Materiats, mechanical parts E-70 discipline
and processes Ground syslems and ‘
operations
Sofware produet e
assurance
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Methodology - Approach -

V' Concurrent System Engineering
V' Approach

=>» Iterative: to cope with eventual requirements
changes and all the discrepancies which may arise
during the design process,

=» Recursive: to design next lower layer subsystems
or to realize next upper layer elements within the

system structure
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Mission Analysis Process

/Deﬁ.ﬂe primary and secondary mission Dbjeclive\

Define project life cyrle and milestones
) : . v Schedule and cost
Define stackeholders and their expectations budget defined :
* ¥ System perfomance
estimated ;
Define applicable national policies ¥ Mission configuration
Mission defined ;
qualitative * »  Possible launchers
needs Define success criteria 11:1.ml1_ﬁed .
¥ Mission requirements
P generated ;
L\“_/Iﬁ * * ¥ Mission Conops
Define payloads defined -
* ¥ Mission Design
Review (MMDE)
Define mizsion architechre generated
Define “product tree” and “work breakdown™ 7 g
structrures 4
Estimate preliminary life cycle cost and schedule

\ Define mission ConOps /
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System Engineering Processes

Higher level
Faquirsments

/_ Tterate Reguirements

Reguiremen tAnal_rsi“ .

Recursive cycle

Dearived raquirements : 'lf‘-" ,Jnl\“
- i ~ S ¥ e Sl
| N Functional " Consistent - (23 . Alast " Yes
= ¥ Derformanca —_— - ™y ConQOps 7 )
v Opersticnal : '
v Interface
Solution Design Cycle 4 N\
Functional & logical
Trade studies breakdown
A —
Success Design Altemative
solation
architectures
llihll'\ / erily
Conops Architectural design

BN

No f"f Ralishlz,

functionsl

4" JAA Conference on University Satellite Missions and Cubesat Workshop

faasibls solution 7

Form--System Characteristics
“what it shall be"

Fit--System Interfaces “what it
shall connect to"

Function--System Capabilities
“what it shall do”



Platform: Structure and SC configuration

Structure Satellite configuration
Structural functions
| | | I v’ Physical configuration:
Main structure (CSK) Secondary structure P-POD interface
Layers / Slots
Structural integrity Reliable configuration Access within the
during launch and in in regard of the e P-Pod (RBF, serial/USB) . . .
orbit subsystems \/ Loglcal CO?’lﬁg%?’dthﬂ.
Aachement pom Centered / Distributed
for internal and Iin
external equipment

M [N Mass budget:
maintabilit The CDS standard limits the mass of
So— the Cubesat to a maximum of 1.4 kg
| spatial environment with a security margin of 10%.

and thermal path
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Platform: Attitude Control

Passive attitude control:

Momentum

| exchange + No energy consumption
actuators
+ No dedicated card slot

—CMGs .
+ Easy configuration

Bezction

Conesls - No pointing accuracy

| Mlomentum
whaslz

|_MMamnetic
actuators

Torgue rods

hlzznst coils
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Platform: Communication

Space segment Ground segment
Communication Gmmdmt = TTC center
= Tramsceiver I —] Eadio
| 1
Control Ground :
—COTS madio station pther ground m:'ml t-@étﬂﬂ
| Cestom LR
radio ivine and
-dahlmmngg :
DR CEntEr — ™
— Hardwars
— A vtenaes Mivsi i
= center] )
Body b= Zoftrase
—mounted or
deployable
L TTC center || Presmplifiz
LMNA
b—T¥irectivity '
. otator
iractionzl L  Antennz
e Polarizration . .
Communication system parameters: Disectivity
t’i’"‘a‘” Transmitted Power , Gains , Noise .
Polarization
Circutar Temperature
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Platform: Communication
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Choice criteria:

I v" Power efficiency
v" Bandwidth efficiency

I 26w
a7
N e

12%

AFSK GMSK MSK FSK BPSK
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Platform: Communication

LII]]{ BUdg et AHH])/SIS / Radiowave propagation modeling through space
vacuum and atmosphers (Free space loss, Doppler
shift, atmospheric attenuations, etc) vsing ITU
models and 3TE software
Caleulate recerved power C, using general Friis
>
] formula
¥ Orbital parameters
¥ Type of attitude *
confrol -
Calculate rer noise temperature (Py)
5 Er:qwélcff bmi;s P Validation of ground
OUnD PAMIMEELS and space segment
' Minimo lok aargi v .
required at recephionin Calculate Signal to Moize Ration (3NE. .
the worst scenario L LRSI architecture and
»  Bit error rate required, * performance
veually 10
Define required energy per bit (EBIN) threshold _p—
for the chosen modulation and FEC coding
— technics S—

¥

Caleulate link margin = SNE — (Eb/N)req

v

Verified ?

* Yes

\ End-to-End Link performance verified /
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Platform: On-board Data Handling
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choice criteria are:

v" Resilience against the harsh space environment,

v' High processing power,

v" Power consumption and memory storage.

v" Flight heritage to ensure reliability,

v' Hardware or software redundancy to minimize single point of failures,
v’ Price,
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Platform: On-board Energy

Unité de stockage

- Batteries
Sous-systeme EdB

'
e

-

Y

Unité de conditionnement
Unité de production et de distribution %

Convertisseurs DC-DC | : =|
= Communication
s Alimentation

Cellules solaires

L.

: Régulation de tension :

1a

Solar panels:

* Body mounted /deployed

* Simple/ double / triple junctions

Batteries: Low DOD (Depth of Discharge) 1s recommended for
better resistance to radiations, better temperature coefficients,
higher levels of delivered power, and hence higher efficiency.
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Platform: On-board Energy

Power Budget Analysis

/sn model of Cobesstwith the chosen soa pnﬂ&l\
configuration

Caleulate generated power by solar panels using
Satellite Tool Kit (STK) software
v Number of solar
panels used *
v Stmefure area
v Orbital parsmeters Calenlate consumed power of each subsytam
v Ground parameters ; during the nominal mods Feasible
v Transmission tional mode
- e
duration/ pass; ﬁ ¢ ﬂ of each subsptem
v ConOpsof exch
subsystem .
v Atinde control ype Evaluate Bafferies performance -
Identify possible operation scenatio for payload

\ and tiatorm /
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Production and Qualification Processes

Activities:

* Implementation approach : Fabricate/ procure/ reuse hardware and
code software.

* Prototype/ protoflight verification, validation and integration

* Run qualification tests such as : vibration, static, mechanisms,
thermal vacuum tests

 Run final functional tests

Packaging
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Management Processes

Project
Management

Project organization and planning
* Definition of stackeholders

* Definition of project life cycle and milestones

Mission architecture definition
* Definition of the payloads,

* Identification of potential launch vehicles, constraints and
proposed services,

* Identification of the space segment configuration
* Identification of the ground segment locations

* Definition of communication link configuration, frequency bands
and transmission mode and frequency allocation license

* Product Tree and Work breakdown structures

Cost and schedule management

Documentation management
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Conclusion & Futur Perspectives

KReep It Simple Stupid
Reep track of interfaces
Update risk analysis

Team work and respect of management plans and

ConOps
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