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TRIVIA TIME



https://docs.google.com/forms/d/1YFIqm2bbIGh56ufmIn0I2JBUDRjfBgYRyUj2UrMp2M4/edit

TRIVIA TIME

Q1. What is the name of the first satellite sent up by humanity?

Q2. Name at least one company in Spain that makes CubeSats?

Q3. Name at least one Spanish University that has launched a CubeSat?



TRIVIA TIME

Q4. How much is the (typical) weight of a CubeSat?

A. <1Kg
B. 1-10Kg
C. 10-50 Kg
D. >100 Kg

Q5. How long can be the side of a CubeSat?

A. Scms

B. 10cms
C. 30cms
D. 80 cms



TRIVIA TIME

Q6. What is the (typical) orbit altitude for a CubeSat?

A. 10-100 Km

B. 100-300 Km
C. 300-600 Km
D. 600-900 Km

Q7. What is the (typical) maximum travelling speed of a CubeSat?

A. 300 km/h

B. 3,0000 km/h

C. 30,000 km/h
D. 300,000 km/h



TRIVIA TIME

Q8. How many CubeSats have been launched into space?

A. <1,000
B. 1,000-3,000
C. 3,000-6,000
D. >6,000

Q9. What is the success rate of a CubeSat program/launch?

A. <30%
B. 30-50 %
C. 50-70 %
D. >70%



What is a CubeSat?



What is a CubeSat? Some nice videos

NASA - What is a CubeSat [59s] Canadian Space Agency (CSA) - What is a CubeSat? [1m15s]
https://www.youtube.com/watch?v=HZMiJ Q47gk https://www.youtube.com/watch?v=x7MmleXu7Dc
https://plus.nasa.gov/video/what-is-a-cubesat-2/ https://www.asc-csa.gc.ca/eng/multimedia/search/video/18450?search=cubesat

NASA+ - Topics - Earth & Climate - Whal

WHAT IS A -
CUBE SAT? * = What is a CubeSat?

i ’
p?q?d:an S?aceAgencyQ (5282 GP 2 share  [] save

European Space Agency (ESA) Euronews [8m30s]
— CubeSat, a satellite in a shoe box:
https://www.youtube.com/watch?v=w-7gkint3Jl

ESA Euronews: CubeSat, a satellite in a shoe box

@ European Space Agency, ESA @ @ B2z G B share [ save
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What is a CubeSat? Definitions

Cub eS at https://en.wikipedia.org/wiki/CubeSat

Article  Talk

From Wikipedia, the free encyclopedia

A CubeSat is a class of small satellite with a form factor of 10 cm (3.9 in) cubes [l CubeSats
have a mass of no more than 2 kg (4.4 Ib) per unit,[?] and often use commercial off-the-shelf
(COTS) components for their electronics and structure. CubeSats are deployed into orbit from the
International Space Station, or launched as secondary payloads on a launch vehicle.[¥] As of
December 2023, more than 2,300 CubeSats have been launched [

th'l' |S a nqnosﬂfelllfe’) https://www.nanosats.eu/cubesat

In mass-classification and in strict ferms, a nanosatellite (nanosat, nano-satellite) is any satellite with
mass from 1 kg to 10 kg. In this database, "nanosatellite” covers all CubeSats, PocketQubes, TubeSats,
SunCubes, ThinSats and non-standard picosatellites, unless otherwise stated.

All are part of the same CubeSat revolution and modern electronics technology leap. Limiting o 1-10 kg
would be confusing and troublesome. 1U CubeSat can be 0.8 kg, but also 1.3 kg. 68U can be less or more
than 10 kg. Most masses are not public.

Upper limit in this database is 10 kg for non-standard types of nanosats and 27U CubeSat (30-40 kg).

Lower limit is 1p PocketQubes and custom picosatellites over 100 g and SunCubes that can be less than
100 g.
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What is a CubeSat? Classifications

https://en.wikipedia.org/wiki/Small satellite

Group namel']
Extra Heavy satellite
Heavy satellite
Large satellite
Intermediate satellite

Medium satellite

Mass (kg)
= 7,000
5,001 to 7,000
4,201 to 5,000
2,501 to 4,200
1,201 to 2,500

Small satellite 601 to 1,200
Mini satellite 201 to 600

I Microsatelite | 1110200 |
Nano satellite 1.1t0 10
Pico satellite 01to1
Femto satellite <0.1

https://www.nanosats.eu/cubesat

Satellite mass classification

¢ Large satellites: >1000 kg
¢ Medium saftellites: 500 fo 1000 kg
+ Small satellites: < 500 kg

o Minisatellites: 100 to 500 kg

1 o Microsatellites: 10to 100 kg |
o Nanosatellites: 110 10 kg j

o Picosatellites: 100g — 1 kg

o Femtosatellites: 10g—-100g
o Aftosatellites: 1g—-10g
o Zeptosatellites:0.1g-1g

s CubeSat sizes:
o From 0.25U to 27U
o From ~0.2 kg to ~40 kg

Small satellite (smallsat) is any satellite below 500 kg. This term
should be used rarely, there can be large differences between sizes
and capabilities.

A CubeSat is any picosat < nanosat < microsat of up to ~50kg / 27U

11


https://en.wikipedia.org/wiki/Small_satellite
https://www.nanosats.eu/cubesat

What is a CubeSat? Spanish 1t Pocket/Nano/Micro-Sats

A CubeSat is any picosat < nanosat < microsat of up to ~50kg / 27U

Polytechnic University of Madrid’s 15t MicroSat: UPM-SAT 1 (1 00U, 47Kg)
Launched 7t July 1995: https://www.idr.upm.es/en/upmsat-1

UPM-SAT 1 is not a CubeSat: 45x45x55 cms/47Kg
while a CubeSat is maximum of: 30x30x30 cms / 50Kg

The CubeSat definition might seem arbitrary,
but it is driven by capacity of CubeSat deployers (currently up to 27U).

TR

R \\ &

University of Vigo’s 15t NanoSat: XaTcobeo (1U, <1Kg)

Launched 13t Feb 2012: https://www.xatcobeo.com/
https://www.eoportal.org/satellite-missions/xatcobeo#xatcobeo-cubesat-mission

FOSSA Systems’ 15t OS PocketQube:
FOSSAsat1 (0.5U, <0.5Kg)
Launched 6t Dec 2019

https://fossa.systems/our-history/
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What is a CubeSat? Beginnings

= The CubeSat standard was created in 1999 by

Aerospace / Mechanical engineer

California Polytechnic State University, San Luis Obispo (prof. Jordi Puig-Suari)
and Stanford University's Space Systems Development Lab (prof. Bob Twiggs)

to facilitate access to space for university students. R

= Since then, it has become a worldwide standard.

= CubeSat developers include not only universities and educational institutions,

but also private firms and government organizations. ; :
Nanosats’ companies: https://www.nanosats.eu/

Founding years of companies active in nanosats since 1990

nanosats.eu

= The CubeSat-SmallSat segment is one of
the fastest growing segments in the

aerospace industry (NewSpace).
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https://www.nanosats.eu/

What is a CubeSat? A Standard Description

= The CubeSat is a standardized satellite characterized by:

= Cube Modular Size: 10cmX10cmX10cm cube (known as 1U)
= Mass per cube: of not more than 1.33 kg (but sometimes defined as <2Kg)
= Functionalities: all basic functionalities for a research satellite

STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

= CubeSats are scalable
by grouping multiple 1U frames

|nt0 Iarger Conﬂgu ratIOnS https://www.nasa.gov/what-are-smallsats-and-cubesats

3U: 10x10x30 cms

12U: 20x20x30 cms . ' '
1U 1.5U 2U 3U 6U 12U

27U: 30x30x30 cms



https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/
https://www.nasa.gov/what-are-smallsats-and-cubesats/

What is a CubeSat? How are they launched?

= Two ways:

Distribuidor

1. Direct Launcher deployment: Piggyback on launcher within a CubeSat Deployer

2. From ISS: taken to ISS and released via CubeSat Deployer (or by hand, not often)

= CubeSats Deployers are special containers designed to carry CubeSats:

o CalPoly’s P-Pod: up to 3U (i.e. 3x1U, 1x1U+1x2U, 1x3U)
o ISIS’ ISIPOD: tailored for 1U, 2U, or 3U
o NanoRacks CubeSat Deployer (NRCSD): for ISS, up to16U payloads

h JIwww. l.or her- -activiti
n Depl rs.html. https://www.nanosats.eu/ecosystem#dispenser/
W | An o Forward _| CubeSat Deployer / Dispenser
- CubeSat deployers or dispensers like the P-POD.

« Bl

W o I o

4, “1% 2NDSpace [iFh Eossceeas Ji_ &0 @ comat |=elilolexd

’ |37 me—] C$SATS Y @ =XOLNAUNCH @
CO Gransystems (: .,a ._'n:. KAIR® SPACE e Kocmo/la6 s/ /
MOOC SEC emino  COHB Quap-M, Inc.
ior he P- ructure hy - utiAs % q Y T\ i .
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What is a CubeSat? How are they launched?

= Two ways:

1. Direct Launcher deployment: Piggyback on launcher within a CubeSat Deployer

2. From ISS: taken to ISS and released via CubeSat Deployer (or by hand, not often)

NASA - How Do CubeSats Get Into Orbit? [1m]

https://www.youtube.com/watch?v=pnRdlylWI0k

= EBYouTube cubesat deployment launcher

ESA CubeSats deployed from the ISS [1m9s]

https://www.youtube.com/watch?v=-m4iNiNF Fto

= E3YouTube

CubeSat hits space station solar array
'mildly' after spacewalker deploys it [2m28s]

https://www.youtube.com/watch?v=zfl42B3nWr0

How Do CubeSats Get Into Orbit?

4 @ 1\ASA's Kennedy Space Center © Al (Sleay (e @

= EYouTube

ESA CubeSats deployed from the ISS

@ European Space Agency, ESA © Zaml o) (S (e

Cubesat hits space station solar array 'mildly’ after spacewalker deploys it

@ vrdﬁomeSpaceo 53 G D shae [ save
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What is a CubeSat? How many are out there?

= Depending how you count, between 4,000-5,000 as of May 2024 (since 1999)

https://www.nanosats.eu

World's largest database of nanosatellites, World's largest database of nanosatellites,
over 3300 nanosats and CubeSats over 4100 nanosats and CubeSats

CubeSat constellations, companies, technologies, missions and more CubeSat constellations, companies, technologies, missions and more

Sister websites www.factoriesinspace.com and www.newspace.im Sister websites www.factoriesinspace.com and www.newspace.im

"l believe the big future of nanosatellites is still to come!" "I believe the big future of nanosatellites is still to come!"

Facts as of 2024 May 31
Nanosats launched: 2604
CubeSats launched: 2396
PocketQubes launched: 83
Interplanetary CubeSats: 16
Most nanosats on a rocket: 120

Facts as of 2022 January 1
Nanosats launched: 1802
CubeSats launched: 1663
Interplanetary CubeSats: 2
Nanosats destroyed on launch: 102

Most nanosats on a rocket: 120
Countries with nanosats: 76 Countries with nanosats: 86

Companies in database: 558 Companies in database: 751
Forecast: over 2500 nanc 2r 2080 nanosats to launch 2022-2027

World's largest database of nanosatellites,
over 4400 nanosats and CubeSats

CubeSat constellations, companies, technologies, missions and more

Sister websites www.factoriesinspace.com and www.newspace.im

"I believe the big future of nanosatellites is still to come!"

Facts as of 2025 April 30
Nanosats launched: 2956
CubeSats launched: 2730
PocketQubes launched: 95
Interplanetary CubeSats: 18
Most nanosats on a rocket: 120
Countries with nanosats: 91
Companies in database: 786
Forecast: 1900 nanosats to launch 2024-2029



https://www.nanosats.eu/

What is a CubeSat? What are the typical orbits?

= Most CubeSats are deployed in mid of Low-Earth-Orbit (LEO):

o Period of <128 minutes & Eccentricity of <0.25
o Mean altitude of ~800 Km (maximum of 2,000 Km = 1/3 Earth radius)
o Mean orbital speed to maintain a stable LEO orbit is about 7.8 km/s (~28,000 km/h)

Nanosatellite approximate orbits after launch nanosats.eu
400 394 https://www.nanosats.eu/ B n orbit
Decayed
300
260
250

220

200

Nanosatellites
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What is a CubeSat? How difficult is it to do one?

Since 1999:

Of an estimated 29,000 universities in the World, only ~200 have launched one.

~50% 1st time CubeSats fail (to reach orbit, cancelled during development, do not respond).

It is a learning experience (failure rate for 2" attempt of a school/university is 20-25%).

Average time range for developing a 15t CubeSat program is 5-7 years.

References:
A. Marcos, A. Ponche “ST3LLARsat1 “BOIRA”: Establishing the first student CubeSat program at UC3M,” EDULEARN’23, Palma (Spain)
https://library.iated.org/view/MARCO S2023ST3

M Betancourt “Half of All First-Time CubeSat Projects End in Failure,” Smithsonian’s Air & Space Magazine
https://www.smithsonianmag.com/air-space-magazine/cubesats-are-great-even-if-they-die-you-180952745 https://lwww.nanosats.eu/

Nanosatellite launches

S.A. Jacklin “Small-Satellite Mission Failure Rates,” NASA/TM-2018-220034
https://ntrs.nasa.gov/api/citations/20190002705/downloads/20190002705.pdf
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What is a CubeSat? What can we do with it?

= Almost anything:

o Earth monitoring o Astrophysics

o Telecommunications o Commercial

o Technology demonstration

Temporal Experiment for Storms and Tropical GU, 6Kg, launched May’18

Systems - Demonstration

TEMPEST-D

TEMPEST-D was a technology

https://www.jpl.nasa.gov/missions/?mission t

CubeSat Radiometer Radio Frequency Interference 6U’ IaunChed May’ls

Technology Validation Mission 4

CubeRRT

The main objective of the CubeRRT
mission was to demonstrate the RFI
mitigation technology on a flight-ready
hardware in space, increasing the
technology readiness level (TRL) from 6
to 7.

6U, launched Jul’18

RainCube

Radar in a CubeSat

demonstration mission to enable
millimeter wave radiometer technologies
on a low-cost, short development

schedule.

Lunar Flashlight

Lunar |
Flashlight

Roughly the size of a briefcase, Lufar
Flashlight is a very small satellite being
developed and managed by NASA's Jet>
Propulsion Laboratory that will use near-
infrared lasers and an onboard
spectrometer to map ice in permanently.
shadowed regions near the Moon's south

pole.

RainCube (Radar in a CubeSat) is a
technology demonstration mission to
enable Ka-band precipitation radar
technologies on a low-cost, quick-

turnaround platform.

6U, to be launched 2026

Sun Radio Interferometer Space Experiment

SuUnRISE

The Sun Radio Interferometer Space
Experiment, or SUNRISE, is an array of six
toaster-size CubeSats that will work
together to study solar activity.

e=CubeSat/SmallSat


https://www.jpl.nasa.gov/missions/?mission_type=CubeSat/SmallSat

What is a CubeSat? A Visual Summary - ESA
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https://www.esa.int/Enabling_Support/Preparing_for_the_Future/Discovery_and_Preparation/CubeSats

What is a CubeSat? A Visual Summary - CSA

CUBESAT st

. DIMENSIONS

CUBESAT
Isa
MINIATURE
CUBE-
SHAPED
SATELLITE.

@4

Maxumum ol units

International
Technology CRRIT Space Station
demonstration

Scientific CubeSat

research S @

Educational
project

Meteorite
Commercial /

Canadan Space  Agence spatiale
[ L4 v

Canacenne

ADVANTAGES
BUILT RAPIDLY
(within 24 months)

SIMPLE TECHNOLOGY
purchased off-the-shelf

SIMPLE TO DESIGN

NO SPACE DEBRIS
they burn up in the
atmosphere upon reentry

LOW COST

Stratos
balloon

4

!
.



https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat
https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat
https://www.asc-csa.gc.ca/eng/multimedia/search/image/7097?search=cubesat

CubeSat Programmes
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CubeSat Programmes: First & Institutional

The Original Idea, CalPoly https://www.cubesat.org/

—5-2

CUBESAT

NASA https://www.nasa.gov/directorates/heo/home/CubeSats initiative

ESA https://www.esa.int/Education/CubeSats - Fly Your Satellite/About Fly Your Satellite!
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https://www.cubesat.org/
https://www.nasa.gov/directorates/heo/home/CubeSats_initiative
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/About_Fly_Your_Satellite

CubeSat Programmes: ESA Education — FYS program

ESA Education CubeSat projects
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38 student teams ‘
31 universities

17 countries

Over 1400 students

() Planned

Uvigo: XaTcobeo (1U, Feb’12), HumSat-D (1U, Nov’'13), BIXO (2U, started Nov’20 / expected end-26)

= QLM+ + =T"mn

2 THE EUROPEAN SPACE AGENCY

UPC: 3CAT-2 (2U, Aug’16), 3CAT-1 (1U, Nov'18), FSSCat (6U, Sept'20), 3CAT-4 (1U, started 2017 / Jul'24)

UPM: Qbito (2U, Apr'18)
UCadiz: UCAnFLy (1U, started 2018 / expected 2025)
UValencia: Polytech.1 (3U, started 20167 or Jan’22, cancelled)

UC3M: ST3LLARsat1 “BOIRA” (2U, started Sept’22 / expected mid-27)




CubeSat Programmes: ESA Education — FYS program

https://www.esa.int/Education/CubeSats - FI

Your Satellite/CubeSat Support Facilit

= Q 2 THE EUROPEAN SPACE AGENCY

Watch on (& Youlube

EIRSAT-1

The CubeSat Support Facility (CSF) is an assembly integration and testing facility for
CubeSats, located at the ESA Education Training Centre, based at the ESEC-

Galaxia facility in Transinne, Belgium. Its purpose: offer training and test facilities for

university students that are part, or aiming to be part, of ESA's

educational CubeSat initiatives such as ‘Fly Your Satellite!'.

The CSF is primarily used by teams participating in ESA Academy’s Fly Your Satellite! CubeSat
Programme, but in the near future there will be additional innovative courses offered to help university

students to learn about environmental testing with hands-on activities and lectures from experts.

SOURCE CubeSat
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https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.esa.int/Education/CubeSats_-_Fly_Your_Satellite/CubeSat_Support_Facility
https://www.youtube.com/watch?v=y-_y8SjOWWA
https://dlmultimedia.esa.int/download/public/videos/2023/03/008/2303_008_AR_EN.mp4

CubeSat Programmes: Universities

From the “Resources” at NASA SSRO Knowledge Base: https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
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Figure 1: Count of University-class missions launched each year since 1999



https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/
https://s3vi.ndc.nasa.gov/ssri-kb/topics/4/

CubeSat Programmes: Databases

= Several databases available listing all missions/platforms:

httpS'//Wwwnanosatseu/ : / Please make a donation to support

Gunter's Space Page. = [ == 3
Thank you very much for visiting Gunter's Space = §
Page. | hope that this site is useful and informative for you.

If you appreciate the information provided on this site, please consider supporting my

https://space.skyrocket.de/ (Gunter’s Space Page) S e e
FossaSat 1, 1b

https://www.eoportal.org/

lisa ite developed by
Fossa Systems, a non-profit association
developing pocketqube picosatellite
technology and democratizing access to
space, to the 1P PocketQube form factor.

Nanosats Database

Main mission of the satellite is the testing
of a new experimental RF chirp modulation
called LoRa and to share educational data
from space to the public. It features
deployable solar panels. The project is also
to foster the development of miniaturized
and inexpensive satellite systems for space
applications  using off the shelf
components.

NANOSATELLITE & CUBESAT DATABASE

The largest CubeSat database. Launched, planned and cancelled missions.
Nanosatellites, CubeSats, PocketQubes, picosatellites and ThinSats.

Gunter's Homepage
Add nanosateliite to database

The satellite was launched on 6 December
2019 together with other PocketQubes and

Last major update: 2024-05-31

Quicksearch

FossaSat 1 [Fossa Systems]

Nation  Type(U/r h
other satellites on an Electron KS launch
Technical ity of Reent
TUBSAT-N ctinical Uversity oF | - qimany 85kg 1908:07:07; | Feomered. Wog Store and forward communication. & vehicle.
Berlin operational
TUBSAT-N1 Tecrmmst::werswo( Germany skg e neemafa,wlus Sroes ond forward commusicaion: P FossaSat 1b is an updated version of FossaSat 1. It was launched on the maiden Firefly-Alpha flight in
" operational late 2021 but failed to reach orbit. A reflight in October 2022 reached a lower than planned orbit
Artemis JAK (MASat, Picosat ) Santa Clara University us 02kg 20000127 Nosignal Simple beacon transmifter -
Arternis Louise (Lightning —
- Pzt;;::ygwm Santa Clora University us 0895kg 2000-01-27 Nosignal Research the effects of lightning on the outer ionosphere. 4
Artemis Theima (Thunder, . . . -
riemie TRemAAET.  santaCioraUniersly U osks 20000127 Nosignal Resocrch the ffects of ighining on the outer knoephere. L eoPortal Satellite Missions |~ Other Space Activities ~ Q
1 (Arizona Stat
HRUSON (i Slote Arizona State University us 6kg 2000-01-27 | pac Earth .
University Satelite) e
- - . o < Satellite Missions Catalogue Table of contents
EMS 1A (Pico 21, PICOSAT-1 " trate the basic functional elements of @ low-power LEO “swarm”
MEMS 1A (Pico 2 ICOSAT-1, OALEA us 0275ka 20000127 Reentered. Was emonstrate ssic functional elements of a low-power ‘swarm” or ’
OPAL PICOSATS) operational formation PICOSAT array.
MEMS 18 (Pico 23, Picosat 1 Reentered, Demonstrate the basic functional elements of a £0“swarm” i
EMS 18 (Pico 23, Picosat . e o oyzy, NS |  Daouia e b At e A A P LED T, | gl Xatcobeo (Dieste)
OPAL PICOSATS) operational formation PICOSAT array.

Last updated: Jun 13, 2012

Non-EQ | INTA  Education Techneology and Research

Quick facts

OVERVIEW

Mission type Non-EO
Agency INTA
Launch date 13 Feb 2012
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https://www.nanosats.eu/
https://space.skyrocket.de/
https://www.eoportal.org/

CubeSat Programmes: Platforms & Mission Services

https://www.nanosats.eu/ecosystem#platforms e e B
CubeSats Hardware and Services

CubeSats Platforms & Mission Services

Rendy-to-launch CubeSats from U fo 27U. Full mission services including launch procurement, frequency coardination and spacecraft aperafions.
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Platforms: Alen Space, EMXYS, Hydra Space, SATLANTIS
Subsystems: Aistech, Alter Tech., Anteral, Arquimea, Balamis, BHDynamics, Comet Ingenieria,

Compoxi, DHV Tech., FOSSA Systems, IENAI Space, Karten Space, Kreios Space,

Prosix Eng., Radian Systems, Sateliot, SLIMOp Space, UARX, VALAR, Xiroi
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https://www.nanosats.eu/ecosystem#platforms

CubeSat Basics
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CubeSat Basics: Design Specification Documents

Always, always, always read & refer to the CubeSat spec-docs.

= The most well-known and detailed are:

o CalPoly’s:
DesignSpecification_CalPoly_rev13_final.pdf
DesignSpecification CalPoly revi14 July2020.pdf
CubesatinterfaceFitProcedure CalPoly rev02W 2020.pdf

o NASA’s 101:
DesignSpecification Cubesat101 NASA2017.pdf

o ESA (https://emits.sso.esa.int > emits-doc > ESTEC >):
AO8352_AD1_IOD_CubeSat_ECSS_Eng_Tailoring_Iss1_Rev1-2.pdf
IOD_CubeSat_ECSS_Eng_Tailoring_Iss1_Rev3-2.pdf (24/11/2016)

See also other docs at: https://www.cubesat.org/cubesatinfo
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https://www.cubesat.org/cds-announcement
https://static1.squarespace.com/static/5418c831e4b0fa4ecac1bacd/t/61427114e437672c6d7ae677/1631744277134/CP-CIFP-2.0W+%28Public+Version%29.pdf
https://www.nasa.gov/sites/default/files/atoms/files/nasa_csli_cubesat_101_508.pdf
https://www.cubesat.org/cubesatinfo

CubeSat Basics: Functionalities

= Functionalities: all basic functionalities of a standard satellite
STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

STR - structure ADCS - attitude determination & control system

EPS - power (battery, solar panels, powerboard) THR - thermal

OBC - onboard computer PAY - payload (science and/or technology)
SW/OBDH - software / onboard data handling AIVT - assembly, integration, validation, and testing
TT&C - telecommunication MGT, BDGT, LAW - management, budget, regulations

https://www.nasa.gov/wp-
content/uploads/2017/03/nasa csli cubesat 101 508.pdf

Side Panel

Bottom \ Powerboard

Payload
Electronics

Camera
&

C&DH

.ﬂ Camera

Battery

] 1 &
Y } . ] LA
&
Front Panel ’ Payload An exploded view of a NanoAvionics 6U nanosatellite bus and its core components.
i 1
CubeSat-1 — Example University — 1U s
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https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
https://www.nasa.gov/wp-content/uploads/2017/03/nasa_csli_cubesat_101_508.pdf
https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-to-understanding-satellite-technology/
https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-to-understanding-satellite-technology/
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https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-to-understanding-satellite-technology/
https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-to-understanding-satellite-technology/
https://nanoavionics.com/blog/cubesat-101-the-comprehensive-guide-to-understanding-satellite-technology/

CubeSat Basics: Subsystems

= Functionalities: all basic functionalities of a standard satellite
STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

https://www.orcasat.ca/design
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CubeSat Basics: Team Roles

= Functionalities: all basic functionalities of a standard satellite
STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

Kiril A. Dontchev, Kartik Ghorakavi, Cameron E. Haag, Thomas M.
Liu, Rafael Ramos, “M-Cubed: University of Michigan
Multipurpose MiniSatellite with Optical Imager Payload,” 1999
ASEE Annual Conference

https://www.researchgate.net/publication/240615366 M-
Cubed University of Michigan Multipurpose MiniSatellite with Optical Im

ager Payload

Bruce C. Chesley, Michael J. Caylor, “Developing an
Integrated Curriculum for Small Satellite Engineering
1999 ASEE Annual Conference

https://s3vi.ndc.nasa.gov/ssri-kb/static/resources/developing-an-integrated-
curriculum-for-small-satellite-engineering. pdf

Project Manager

v

| Orbits & Controls |

v

| Power & Electrical I ‘ Telemetry ‘ ‘ Command & Data Handling

Figure 1. Organizational structure of M-Cubed

Project
Management

Program
Ground Station

Control
Systems
Engineering
Attitude Determination
Development and Control Subsystem
Communications Electrical Power
Subsystem Subsystem
Data Handling and Spacecraft Structures
Software Subsystem
Launch Vehicle | Payload (CHAWS-LD
Integration Sensors)
Integration
and Test

Fig. 3. Small Satellite Student Team Organization. Each team contains students and at least one
faculty mentor. The program control function includes scheduling, budgeting, contracting, and
configuration management.
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https://www.researchgate.net/publication/240615366_M-Cubed_University_of_Michigan_Multipurpose_MiniSatellite_with_Optical_Imager_Payload
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CubeSat Basics: Typical Development Process

= Functionalities: all basic functionalities of a standard satellite
STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

NASA CubeSat 101: Basic Concepts and Processess for First-Time CubeSat Developers

Concept Development
Funding

Merit/Feasibility Reviews
Develop/Submit Proposal
CSLI Selection Process
Manifesting

Mission Coordination

Licensing
Document Development/
Submission

Ground Station Development
and Testing

Flight Hardware Fabrication
Readiness Reviews
Dispenser Integration
Launch Vehicle Integration

Launch and Mission Operations

e

Months

FIGURE 8: This notional timeline shows how these phases might come together for a project.

Common Costs Associated
with Developing a CubeSat

Environmental Travel
Testing

Materials Labor

FIGURE 9: Common costs associated with developing a CubeSat.
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Design Test Acceptance Readiness Review
Review Review Review Review

Figure 1 - Programme phases of Fly Your Satellite!
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CubeSat Basics: General Advice

= Functionalities: all basic functionalities of a standard satellite
STR, EPS, OBC, SW/OBDH, TT&C + ADCS, THR, PAY + AIVT, MGT, BDGT, LAW

NASA CubeSat 101: Basic Concepts and Processess for First-Time CubeSat Developers

>FREE ADVICE

KEEP IT SIMPLE. Keep the design as simple as possible.
CDS requirements are on the conservative side.

The CDS prohibits pyrotechnics, and discourages

a host of other cool stuff. Some violations would be
unacceptable, but some may be waived or approved
on a mission-by-mission basis. You will, however,

be eligible for more launches if you adhere to these
specifications. Things like a propulsion system may
make the launch provider or their primary payload
nervous, and some just choose not to carry CubeSats
that have them. So CSLI may still select your CubeSat
for launch but it may take longer to find a willing launch
provider to give you a ride.

>FREE ADVICE

KEEP EXCELLENT RECORDS OF EVERYTHING YOU DO. It is incredibly important

to keep great records of the work your team has been doing. These

records should be in the form of photographic evidence and thorough
documentation. This is especially important for student organizations that
will be losing senior team members as they graduate. Keeping records helps
continuity within the project; you'll avoid “reinventing the wheel” over and

over again.

>FREE ADVICE

FLEXIBILITY IS KEY. Keep your
mission as flexible as possible.
CSLI may select your CubeSat
mission because it has some
great science goals, but that
doesn’t guarantee you'll get a
launch right away. If you need
special considerations like a very
specific orbit or specific launch
date, finding a launch could be
tricky. Do your best to keep your
requirements for launch as flexible
as possible.

>FREE ADVICE

DEVELOPMENT TESTING. “Test like you fly” is a common mantra for CubeSat
developers and applies to more than just final environmental testing.

During electronic development, use evaluation and development kits and
breadboard components before fabricating boards. Once the printed circuit
boards (PCBs) are produced, test as many expected functions as possible
before interfacing it with other systems. Keep the scope small with testing
and add components systematically, testing them along the way. Never
assume that boards or subsystems that work well during standalone testing
will work well when integrated with other boards or subsystems.

During mechanical development, it is useful to do thermal and vibration tests
on individual subsystems prior to integrating all components. This often
catches design issues early on and reduces over-test on the overall system.

DID YOU KNOW?

What's the IARU?

The International Amateur Radio Union (IARU) is an international agency run by
volunteers who are based in countries around the world, who coordinate what
group will be allowed to use which radio frequencies in the amateur band. As
you can imagine, lots of people are transmitting for various reasons all day,
everyday. To avoid transmissions interfering with each other by using the same
frequency, IARU keeps track of which amateur frequencies are available and
assigns the unused bands upon request. That's why the FCC requires CubeSat
developers to contact the IARU for an amateur frequency assignment before an
RF license can be processed.

For an amateur license, the FCC will need the following:

* |ARU coordination letter

Satellite orbital debris mitig: i i in

Chapter 6)

* SpaceCap notice: the SpaceCap software can be downloaded from
http:/iwww.itu.int)

* Prelaunch notification letter with general mission and satellite information
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CubeSat Basics: And to finish 15t part of the class ...

University of Victoria (Canada) - ORCASat Final Assembly: RG SAT - Building a CubeSat for less than $1000
Part 1 -- It should be possible

https://www.orcasat.ca/updates/final-assembly-time-lapse
https://www.youtube.com/watch?v=m8TSiKHZbC8

MORE VIDEOS

CE; University | Centre for

Building a CubeSat for less than $1000 -- Part 1 -- It should be possible

P ) ooo/604 el B & Youlube I3 & e G% T pew Qe
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