endamateurs
en
Cubesat’s
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Agenda

= Amateur satellieten

= Wat is een Cubesat?

= Satellietbanen

= Doppler

= Software & Apparatuur

= Demonstratie
= Zendamateurs en cubesat’s

= Vragen
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Amateur satellieten

= Ferste;: OSCAR-1 -1961
= Grootste: AO-40: 450kg - HEO - Ariane 5
= Qudst werkende: AO-7 - 1974

= Duur — 2nd payload

= FunCubes: kleiner, goedkoper

= NL: Delfi-C3, Delfin3Xt,
AO-73 (FunCube-1) !
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Wat is een Cubesat ?

= Stanford University

= Prof. Twiggs - 1998

= <1.33 kg

= 10 x 10 x 10 cm units
= 1U, 2U, 3U, 6U, ...

= Launch Mechanism: Poly-PicoSatellite Orbital Deployer (P-POD)
= First launch: 30 Juni 2003

= Support Hands-on University-level Space Education

= 40+ launched, 300+ in development
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Cubesat Voorbeelden

Pulsed Plasma
Thruster (PPT)
Nadir Sensor Power Module
{earth horizon
sensor)

Sun Sensor

Pulsed Plasma
< Thruster (PPT)
Thruster
Electrodes

WIFi
Trancelver
(will be

) High performance

Carr:zra (v;;lll bthookmg Reaction wheel (ognpz:ng s <ommumc'e|tm
at the mobile phone {brushless OC motor boa with mobile
screen) with spinning disc) phene)

o =
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Cubesat = Business

= Magazines
= NASA
" Internet

TRENDING:

Big News about Small Satellites: Cubesats
Rule!

by Leonard David, Senior Space Writer | September 28, 2005 06:59am ET

SIS

Inno

about ISIS

home capal

ISIS CubeSat Solutions

ISIS offers a broad range of turn-key

0

FAY)

nanosateliite solofions, ranging from standard CobeSat sclutions in the 1 - 4 kilogram range

to

2L

CubeSatShop.com

Search

CubeSatShop.com

The one-stop-shop for all your Cube Sat and nanosat systems...

Welcome to the CubeSstShop, the one stop webshop that offers a brosd range of produ

and ev|

kilogram

Cube Sat Structures
Communication Systems

nancsatellites in general. The webshop offers ff-the-shelf and subsyd
manufacturers.
Categories
N 7 - —
\ . \—

-
On Board Computers
Launch Adapters

Cube Sat Structures

Communication Systems

Power Systems

.

[
X 4

i \

AN

- L

]

Mational Asronautics and Space Administration

CXEN wes devalopsd and buiit &y Morshesd Stats Uni-
varsity in Kentucky. Ifs primery purpoes is to incrasse the
[precision of massursmants of the Cosmic X-Bey Back-
ground in the 30-50Ke\ rangs. CXEN also will provids
& short-duration suppiement to NASA’s Radistion Belf
Storm Probes mission snd iz outfitted with stats-o
art Cadmium Zine Telurids-bssed x-ray snd gemms- ray
datectors.

fizsion Overview

MASA iz partnening with the Mational Reconnaizsancs
Office (MAC) ta lsunch emall reesarch satallites, or
CubaSats, for four univarsities on the third installment
of the Educational Leunch of Manoastallits (ELSMa) mis-
gion. The Leunch Sarvicss Program at NASAs Kennady
Space Center in Florida maneges the ELahla missiors.
The CubsSats will be flown &a part of the Operationally
Unique Technologies Satelita, or OUTSet, an auxikary
payload sboard tha Atlas V 401 rocksat achaduled to lift
aff Aug. 2. Threa Poly Picoeatsllite Crbital Deployare, or
B-P00s, will camy and deploy the ELaMA VI GubsSats.

The ELaMa CubsSat Launch Iniiative snables univer-
sity students to obtain hands-on experience and gives
private industry scoses to a low-cost vehicls. Sincs itz
noeption in 2010, the progrem has eslectsd mors than
80 CubsSats from private and public institutiona arcund
the U.5., including = that were launched success-
fulty on the ELaNa [l mission. The ELaMa VI CubsSats
wera chasen from a prigritized list of univeraities that
responded to two public ennouncements to NASA's
(CubaSat Launch Initistive in 2011, NASA will announcs
anothar call for proposala in mid-Auguat. It will closs
n Hovember.

Basic CubeSat Facts:

+ Built to standard dimensiona of 1 unit, or 1U_ which ia
equal to 1010%11 ¢m

Henk Hamoen PA3GUO

= Gan be 1U, 2U, 3U, or U in sizs
~Waigh less than 1 1/3 kg (3 Ibs) per U—&U may b= up
1214 kg
» Deployed from standard Paly-Picosatslite Orital
g

CUBESAT ELaNa VI LAUNCH ON
L-36 Mission

CubaSat Deployment

Four CubsSat projects wars asiactsd for the ELaNA VI
miesion. The NRO funded the Nevel Postgradute School
to develop MPSGuL, which can attach up to sight P-
PODS to & 2ingle adaptar, This alows up to 24 single-unit
{1U} CubeSata to balaunched at ona time. The CubeSata
on OUTSat are sponzored by sither the NRO Mission
Support Diractorats or MASAS Lsunch Sanicss Pro-
gram. The P-PO0 was designad and manufactured by
the California Polytschnic Stats University (Gel Faly) to
intsgrate CubsSats onto the launch vshicle. This P-POD
deaign hea flown previcusly on Deferae Department,
MAZA, and commercial launches. For MASA, Cal Paly in-
tegratss the CubaSats with ths B-BOD and provides the
entirs azsambly to the launch vahicls imagrator.

Adter the main payload depiays, the CubeSats will 3sp-
arate from their P-POD=. After 45 minutss in arbit, the
CubeSet tranemittara will turn on and university ground
atations will listan fior thair baacons, detarmine tha amall
saallitee’ functionality and announce operational sta-
‘tus. CubeSat mission durations and orbital Fe vary, but
&re anticipated to lsst st lesst 180 days. Upen mission
completion, the CubeSate fall o Earth, buming up in
the atmoaphsre.

CPs was devalopsd end bullt by the Caffomis Pofy-
technic Stefa University in Sen Luis Obispo. fis primery
pupass i to test & daployeble spececralt de-orbiting &
thin-fim mechanizm consisting of & ministurs solar sail.
Afier the esil deploys, observations wil ks mads fram the
ground to dstact any alftuds or valocity dagradation of
the spacscraft.

NASAfacts @32




: LEO = Low Earth Orbit
Satellietbanen HEO = High Earth Orbit

Ellipse-vormig
= Voor LEO-satellieten bijna rond (Low Earth Orbit)

6 baan-parameters

= Soort baan: 70
= |nclination —m7 7
= Mean Motion BT
= Eccentricity

= Positie baan: ! ‘*“
= RAAN LSS
= Argument of perigee vernal squinox 4 N
= Positie satelliet:

- Mean Anomaly Line of Ascending

}
Orbital )
plane

Perpendicular to
orbital plane
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Satellietbanen

J—-m

= Low-Earth-Orbit (LEO) banen "" L "”

» Satelliet komt ongeveer elke 1,5 uur over

e Passage maximaal rond 15 minuten

* Ongeveer 3 tot vier passages, dan weer tijdje ‘niet-zichtbaar’
* Noord =2 zuid of Zuid = noord

= Footprint

* ‘Dekking’ van de satelliet
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Satellietbanen

AOS Aaquisition of Signal
TCA Time Closed Approach
LOS Loss of Signal

Groundtrack
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Satellietbanen

1 35004U 095028D 09156.84140383 .00003395 00000-0 87986-4 0 154
2 35004 40.4627 308.3133 0027431 81.4359 278.9560 15.39970114 2598

1 350040 09028D 09156.84140383 .00003395 00000-0 879860-4 0 154
2 35004 40.4627 308.3133 0027431 81.4359 278.9560 15.39970114 2598

incl RAAN e argofper MA MM

el
=icl,

» Two-line elements

iz

= Verkrijgbaar via internet
http://www.celestrak.com/NORAD/elements/

= Software begrijpt deze TLE’s
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http://www.celestrak.com/NORAD/elements/

Doppler (1)

= Voorbeelden
* Formule 1
* Politie/Ambulance
* Trein overweg

" Frequentieverschuiving
= Door snelheidsverschil
= Ook voor satellietsignalen

= Typische LEO-passage:
145 MHz ~ 3 kHz
e 435 MHz ~10 kHz
e 2400 MHz ~ 50 kHz (!)

%I

TEN

en bij verwijdering van de waarnemer.

()

met

. fb de echte frequentie van de golf die de bron uitzendt,
» U de voortplantingssnelheid van de golf in het medium en
s Uy de snelheid waarmee de golfbron beweegt in de richting van de waarnemer,
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Doppler (2) %I

= Goed te voorspellen als je weet: FO19 CW 437 MHz
= Waarr jij (stil) zit
= \WWaar de sateliet is

AOS

= Hoe snel de satelliet gaat
= Grootst | s
= bijAOS en LOS

= Nul (heel-heel-even) R A
= bij TCA
= Verandering van frequentie grootst bij TCA!
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Doppler (3)

tX: fsateliiet
rx. fsatelliet
Satellietbaan
—
d \‘
N L SN
Vd Vd \ N
Ve g / d N N
rX: fsatelliet = fooppler shift A ¥ i AN AN rX: fsateliet + fooppler shitt BY
;s NN
. K - N\ .
tx: fsatelliet + 1:Doppler shift A A d N\ 4 tx: fsatelliet - fDoppler shift B A
[ 144/235 muz | | 144/435 muz |
= O = A B = O =
verwijderen aanvliegen

1:Doppler shit A ¥ # fDoppIer shift A A # 1:Doppler shift BY # 1:Doppler shift B A
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Software

= PC:
= NOVA

126.5403" W
33.8023° N
783310

i
-40.6°

05h 00m 53z
B 44' 30"

Search period: 20050510 23.28.52
2005-05-11 02:28:52
Location: Torun [18.6107° E, 53.0217° N)

Time zone: UTC +2:00 X
Total passes: 14 &% Descencl:]g
1336 (35]

36555

Passes: 1 Mot visible

Tracked sat 38/66: IRIDILM 53
INNNNNENEER

Total progress: Estimated time: 0:01
INNNENENNNNNNNEEEEER 5 stelit=: 0=t
Sorting: Waiting for data...

8 Swis aoe | Acw | Fo-me |
Arimidh 2004° 1250° T, ey e—— R
[ Bevalon_| 52 EEES 26,07 .
[FORmres s  BORLA S55H.3 TAD 720 574 914 3 188 Flatss
- __HeEgnt ] nean WS 1332 063 300 BE* 1372 39 168
| A 454 7 ]
Or ItrOn [IaoStng | 234624 181342 D029 210 WO 70 1w w64
_LOZtime 033 Tnxa? oxalar 7E3 416 B4 1114 3EB
[ DO4S0T 12053 093 P B
Crration U5 ] PRS0 L Tk
ADE Az ol £ 85"
[T i = 1
[ | LGS Az 143 bl e
Sent oo oo s
|10 Moty | 1 1 1 i
- wisual Zun s Fun Ecipse

Qao

G avs
d LU F0I0
AO-51
Satellite Latitude 06°
Satellite Longitude: -15.55°
Home Latitude: 34.1¢
Home Longitude: -117.99°

Hama

= Tablets:
= App’s

Datei Babvwefcdgung  Saleliben CAT  Holorstewsrung  Mode  Cphonsn Programme  [hio

OTH 80¢50.4 Downkrk Kot +- 0 Uplrt, 20 100500 1k 5 D-Rai UplDerid
R- G- | M- [ U+ | [ 2401318,245F 435666,863 = |=|=|=|=| |B4. 087 200
M- 21 i1} 5- -4 . 755 0,863 sl=i=l=|=| |p2:0B:1% U
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Apparatuur: Antennes

= /4 golf rondstraler werkt aardig
= Bijvoorbeeld voor ISS

= Geeft niet het beste resultaat

= Richtingsgevoelige antenne is beter
= 4 elements (145 MHz) of 7 elements (435 MHz)

= Meer elementen - meer winst
maar: een kleinere openings hoek!

= VVoorbeelden: Arrow, DL6WU, DK7ZB
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Apparatuur: Rotoren

= Antenne moet de satelliet ‘volgen’
= Horizontaal (Azimuth: 360 graden)
= Verticaal (Elevatie: 90 graden)
- Redelijk nauwkeurig (5 graden)

= Behoorlijk snel:
= 45 .. 90 .. 45 graden elevatie in <5 minuten

= Optie: elevatie vast op 25 graden
= Satelliet meeste tijd <40 graden elevatie

= Computer sturing (interface)

= Zelfbouw of bouwpakket
Henk Hamoen PA3GUO




Apparatuur: Voorversterkers, Filters, Coax,

2¥1 2 El-tuad-Yani 2¥18 El-Quad-Yani

H MOde_J filter é G-54008 g beide Antennen

iber Unmvegleitungen

» Invloed TX op RX (harmonische) I “ N
= 145 MHz uplink op 435 MHz downlink lﬁai‘?nm”%
= Antennekabel (coax) DK3WN

= Portabele (<2 meter). gewoon RG58 gebruiken

= Bij vaste opstellingen lang (rotor lussen etc.)
= Gebruik dan liefst een goede coax

= \oorversterkers

= Compenseren verlies door lange antennekabels (coax)
= Niet nodig voor betere SNR (ontvanger goed genoeg)
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Apparatuur: Transceivers

= Full-duplex?
= Geintegreerde full-duplex set is fraal

= Maar twee losse sets gaat ook prima!

= All-mode 2m en 70cm beste eerste keus

= \Wees creatief
= Zonder de nieuwste set kan het ook!
= Bijvoorbeeld SDR + TX
= Doppler correctie

= Handmatig
= Automatisch (PC)
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Zendamateurs en Cubesats

Demonstratie
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Zendamateurs en Cubesats

SEEDS Il (CO-66) 21:01 - 21:13 30° 437.485 CW 90mW
CU XI-V(CO-58) 21:12-21:26 83° 437.465 CW 80mW

Hope-1 (HO-68) 21:16 - 21:35 72° 435.790 CW 200mW
1SS 21:25 — 21:34 13° 145.825 FM 10-25W
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Zendamateurs en Cubesats

= OK... dus wat kunnen we doen BEHALVE gebruik
maken van Amateur Satelieten?

= Wetenschappelijke
Experimenten!

= RAFT, ANDE1, ANDE?2, ..
= RAX, Aggiesat, Nanosail, O/OREQOS
= + vele Japanese projecten
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Daarom zijn Radio Amateur belangrijk!

= Radiocommunicatie
= Niet onderzoeks-hoofddoel van de universiteiten

= Footprint / access
= Spannende momenten: direct na lancering
= Meer contacttijd: meer data
= Ervaring Is beschikbaar
= Bewezen radio-installatie & operators staan klaar

= Ook tijdens weekenden
= Bepalen van de juiste kepler set’s na lancering
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RAFT, ANDE, MARS, FCAL

= USNA Satellite, Bob Bruninga
* PE1ITR/Rob, DK3WN/Mike, PASGUO/Henk

= RAFT moest bewezen worden boven US
(vliegend door de ‘radar fence’)

[T = 0:06

azydyuyg,
[0 Yyou
NunLok of f and-
i‘h rdSAT-TRAK |

) £ “;_____ﬁ Y]

This is an APRStk plot showing ; The NAVSPASUR fence is only 0.5

WRS13 just crossing the Fence. 4 degrees wide so a LEO satellite
When the I35 crosses, anyone passes through it in about 2 secs

should be able to hear it.

Henk Hamoen PA3GUO



Nanosail & O/OREOS

= NASA projects
= Ondersteund door SCU (San Jose)

PPPPPP

' 1
o v
<=5 internet e,

ring, geen ‘deploy’, en ‘her-ontdekt’

= Sall Deployment over Spain

Henk Hamoen PA3GUO



STP-526 MINOTAUR IV - KODIAK, ALASKA

s
(=
g

RAX

£
2
§
£
5
g
E
g
£

= University of Michigan, James Cutler
= Onderzoek van Space Weather

Magnetic field lines

\

-Communications:
-

RAX/Cube Sat -
LEX g N

- -7
R \
H
""" = Howe
er Live 1 Aspect angle * % . |
T — Watching your feed!
vusk |b3M?Call £<1) - R b= :
PFISR oo James Cutler <jwecutler@umich.edu=
ﬁ:i:éiﬁgﬁﬁ?gnp ¢ © U hebt dit bericht beantwoord op 28-10-2011 14:48,
1§ 12:40:50 TRAX-1#>C0:nvmflk | VUL 111062 Zondes; VL8 02000 13493
1§ 12:41:10 'RAX-1+500:nvms"k | [Chntun £H- HenkHamoen
15 12:41:31 'RAX-1%-CQ:nvmBok [ M¥PLglp
1S 12:41:50 'RAX-17>CQ:nvmBTk UiMODepp 3( Thanks, looks great!
15 12:42:11 'RAX-1*>CQ:nv.mG*k|Z JLl(tgof
'3 12:42:3]1 'RAX-1*>C(:nvCmdrk|Z_JU o
1§ 12:42:51 'RAX-17=C0:nvimsk|T  H7"ahh3 James Cutler, Assistant Professor
: : — University of Michigan
| I — mols—0— = v Department of Aerospace Engineering
Gereed € Internet fa v Ki00% ~
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Delfi-C3, Delfi-n3Xt =78y

= Technische Universiteit Delft ‘
= Delfi-C3 N‘
= Lancering: 2008 "

= Telemetry downlink: 145 MHz
= Transponder: niet meer functioneel (435 - 145 MHz)

= Delfi-n3Xt (2013)

= Lancering: 2013
= Telemetry downlink: 145 MHz
= Transponder: status onduidelijk (system hang-up)
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FUNcube-1/AO-73

= Funcube: Educational Outreach
= Scholen, ... FunCubeDongle (FCD)

= AMSAT-UK, AMSAT-NL
= ‘Nederlandse’ Cubesat

= Telemtry
= Downlink 145 MHz BPSK

= Transponder: a
= Uplink 435.150 - 435.130 MHz LSB I
= Downlink 145.950 - 145.970 MHz USB it
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Meer informatie

‘=0=) AMSAT

WWW.AI\/ISAT.org

www.pa3guo.com
www.dk3wn.info
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http://www.amsat.org/
http://www.pa3guo.com/
http://www.pa3guo.com/
http://www.dk3wn.info/

Zendamateurs en Cubesats

Vragen ?
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YouTube

FunCubeDongle vs. Kenwood TS-2000:

http://www.youtube.com/watch?v=xFZGIgKPPQo&feature=share&list=UUAQ 8JiNOqgo-
Kukfu9G0dOw&index=3

NanoSail Telemetry Decoding (SDR)

http://www.youtube.com/watch?v=s1vZfm500hE&feature=share&list=UUAQ 8JINOQO-
Kukfu9G0dOw&index=2

Radio Amateurs supporting a mission in space:

http://www.youtube.com/watch?v=WGvRnqll0j8&list=UUAQ 8JiINOQgoO-
Kukfu9G0dOw&feature=share&index=11
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http://www.youtube.com/watch?v=xFZGlqKPPQo&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=3
http://www.youtube.com/watch?v=xFZGlqKPPQo&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=3
http://www.youtube.com/watch?v=xFZGlqKPPQo&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=3
http://www.youtube.com/watch?v=s1vZfm500hE&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=2
http://www.youtube.com/watch?v=s1vZfm500hE&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=2
http://www.youtube.com/watch?v=s1vZfm500hE&feature=share&list=UUAQ_8JiNQqo-Kukfu9G0d0w&index=2
http://www.youtube.com/watch?v=WGvRnqII0j8&list=UUAQ_8JiNQqo-Kukfu9G0d0w&feature=share&index=11
http://www.youtube.com/watch?v=WGvRnqII0j8&list=UUAQ_8JiNQqo-Kukfu9G0d0w&feature=share&index=11
http://www.youtube.com/watch?v=WGvRnqII0j8&list=UUAQ_8JiNQqo-Kukfu9G0d0w&feature=share&index=11

