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Coaeprxanue

Iaes, ompeAeACHus, HOHATHAA, KAACCH(DUKAITISA

1 ]

LpI/IMCPI)I MI/IKPOCHYTHI/IKOB

1

MI/IKPOCHYTHI/IKOB

[pIMEPBI KOCMITYECKAX IIPOEKTOB Ha 0a3€

B CucreMbl OpUEHTAIAN U UX BepH(bHKaLmﬂ B

AAOOPATOPHBIX YCAOBHSAX

B [[poeKTHI, pa3paOOTAHHEBIE C YIACTHEM

CTyAeHTOB U acuupaaTos MP TN

® [ lepceKTUBEI TAOOAABHBIE B (DU3TEXOBCKHUE



“Better, Faster, Cheaper”
) 5 p

TpeOyerca KOMIIPOMUCC MEXKAY
CTOMMOCTBI0, XapAKTEPUCTUKAMU,
HAAEKHOCTHIO I BpEMEHEM
IIOCTABKU



OcHoOBHBIE TPU3HAKU MAABIX
CITyTHUKOB

B Bpemnrane:
Maazre pasmepsl (AO METPa)
Maaas macca (OT EAMHHIT AO COTEH KI)

HOHyTHbeI AN KOHBCPCHOHHbIﬁ 3AITYCK

OTHOCHUTEABHO HEBBICOKAA CTOMMOCTD (IIPOCTEUINHE CIYTHUKE - OT 50
teIcad $US, cAoKHBIE — ACCATKI MHAAUOHOB $US)

B Buyrpennue:

® llHple HETPAAUIIHMOHHBIE OPTAHU3AIIIMOHHBIE IIOAXOABI X MACOAOTHS IIPU
Pa3pabOTKE, H3TOTOBACHHUH, UCIIBITAHUAX U SKCIIAYATAITUN (HAIIPUMED,
KOAMYIECTBO SK3EMITAAPOB AAS MCIBITAHUIM, IPOOAEMA HAACKHOCTH 1
OOHOBASIEMOCTH Ha OopouTe, Oe3kopnycHoe ncnosrenue, COTS,
Hureprer-communication, GlobalStar-download)



YcAoBHAA KAACCUPUKAITUA
CITyTHUKOB I10 X MACC€

Satellite Class

Large satellite (observatory, etc.)

Medium size satellite

Minisatellite Small Satellite Class
Microsatellite (or LightSats)

Nanosatellite
Picosatellite




Small-sized satellite classification

(kg)




BbIBOA A€TKHMM KOHBEPCHUOHHBIM
HocureAeM (“Anenp’, 2003r.)




D akTOpHI, CIIOCOOCTBOBABIINE
IMTOABACHUIO MAABIX CIIyTHUKOB

[ToBcemecTHOE COKpAIIICHHE
dprHAHCHPOBAHUA KOCMOCA

AOCTH)K@HI/IH B MI/IHI/IaTIOpI/ISZU_II/H/I
SACKTPOHI/IKI/I, BBIYMCAUTEABHOM
TCXHHUKH, aKTIOaTOpOB 51 CGHCOPOB,
ITOABACHHMEC HOBBIX MaTepI/IaAOB

[Tossaerwne Components-Off-The-Shelf 9
OC Mwup -120 TOHH THC-0 - 4.5 kr

I/IHTepec VHUBEPCUTETOB K
HCIIOAB30BAHUEIO MUKPOCITYTHHKOB B
o6pa30BaTeAbH0M Imporiecce

“BOpoc” Ha ppIHOK OOABIIIOrO
KOAMYECTBA KOHBEPCHOHHBIX
HOCHUTEAEN

Stensat - 233 rpamma



Cmamucmuka 3anyckoe acex munoe MKA & mupe ¢ 1996 no 2001 ¢. [7]

[oabl Oaunounsie I'pynnoseie nyckn  lonoanurens-
nvek (mr. MKA) (mr. MKA)- Hasd HATPY3Ka
(mr. MKA)

1996
1997
1998
1999
2000
2001
Hroro:

Beero




I IpuMmepbl MUKPOCIIyTHUKOB
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IlepBBIl1 COBETCKHI MCKYCCTBEHHBIN

ciiyrHuUK 3emau (4.10.1957)
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“IIpeareua’” HAHOCITyTHUKOB

B mapre 1965 coBerckmit
KOCMOHABT AAckcer /A\eOHOB
BIIEPBBIC B MUPE BBIIIICA B
OTKPBITEIA KOCMOC U3 KOPAOAS
Bocxo0-2 1 oTOpOCHA 3aIITATHYIO
KPBIIIKY OT (DOTOKAMEPEL

[Tpusraky HAHOCIIYTHUKA Y

KPBIIITKIA:
B BEC OKOAO | Kr
B IIOIIyTHBIM 3aIIYCK
B HAYYHBIA SKCIEPUMEHT O3
AOIIOAHHTEABHOTO
puHAHCHPOBAHAA

12



UoSat Series

Muxpocnyrank UoSat-1 Obra
co3aad in the Center of
Satellite Engineering at the

University of Surrey in
Guilford, UK B 1981 roay

Macca coyramka — 50 Kr.

Hunmmmarop padbot u
OECCMEHHBIN TEXHUYIECKUIA
ATpeKTOp — Sir Martin
Sweeting

Cerrgac — 3T0 BCEMHPHO
M3BECTHASA KOMIIAHUA Surrey
Satellite Technology Limited. Typical UoSAT §/C models
BeBeaerno ma opouTy 25

CIIYTHUKOB

CERISE

13



Mission
BEIJING-1
TopSat
UK-DMC
NigeriaSat-1
BILSAT-1
AISAT-1
PICOSat
Tsinghua-1
SNAP-1
TiungSat-1
UoSAT-12
Clementine
FASat-B
Thai-Paht
CERISE
FASat-A
HealthSat-2
PoSAT-1
KITSAT-1
S8O/T
UoSAT-5
UoSAT-3
UoSAT-4
UoSAT-2
UoSAT-1

Year

2005
2005
2003
2003
2003
2002
2001
2000
2000
2000
1989
1989
1988
1988
1985
1985
1983
1983
1982
1982
1991
1980
1980
1984
1981

Launch

Cosmos
Cosmos
Cosmos
Cosmos
Cosmos
Cosmos
Athena
Cosmos
Cosmos
Dnepr
Dnepr
Ariane
Zenit
Zenit
Ariane
Tsyklon
Ariane
Ariane
Ariane
Ariane
Ariane
Ariane
Ariane
Delta
Delta

Platform

Bespoke

Bespoke
MicroSat-100

MicroSat-100
MicroSat-100
MicroSat-100
MicroSat-70
MicroSat-70
SNAP nanosat
MicroSat-70
MiniSat-400
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
MicroSat-70
microsat

microsat

Programme

Turnkey
Turnkey
Turnkey

Knowhow Transfer

Knowhow Transfer

Knowhow Transfer

Turnkey

Knowhow Transfer

R&D

Knowhow Transfer

R&D
Turnkey

Knowhow Transfer

Knowhow Transfer

Turnkey

Knowhow Transfer

Turnkey

Knowhow Transfer

Knowhow Transfer

Turnkey
R&D
R&D
R&D
R&D
R&D
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PaAnnoAroOUTEABCKMI HAHOCIHY THUK

AMSAT-OSCAR-16 Catalog Number:
20439

DOVE-OSCAR-17 Catalog Number:
20440

WEBERSAT-OSCAR-18 Catalog
Number: 20441

LUSAT-OSCAR-19 Catalog Number:
20442

Launch: 22 February, 1990

Period: 100.8 Minutes

Orbit: Polar LEO (Low Earth Orbit)
Altitude: 800 km (497 miles)

Size: 23 cm square (9 inches)
Weight: 9 Kg

Passive magnetic attitude control
system

15



Surrey Nanosatellite Application
Platform -1 (2000)

Applications

Remote inspection of spacecraft
Low cost ‘test beds’

Simultaneous, multipoint sensing
for space science and EO

Distributed sensors to create
larger ‘virtual’ instruments

Communications and remote
sensing constellations

* 8.5 kg platform and separation
system; 3 kg payload

Expandable structure
400 - 1400km orbit altitude
On-board propulsion and GPS

Compatible with  Ariane 4, 4ﬂ
Cyclone, Delta, Athena, Taurus,

Zenit etc.

Design life of 1 year or more

Open architecture




Platform and Payload Specifications

Mission Timeline

Contract to Launch Readiness
Design Life
Lifetime

SNAP-1 was shipped within & months
Typically one year design life with an extendead life expectancy.
Mission dependent, SSTL buses have operated for over 10 years

Physical

Radio Frequency

On-Board Computer

Navigation
Operations Scheduling

Dimensions (stowed)
Deployed antennas
Mass

Example : SNAP-1 Mass
Expandable structure

S-band downlink

VHF uplink
Microprocessor

Memory

OCn Beard Data Handling

Stabilization method
ADCS hardware

GPS receiver accuracy
Sofiware

Propulsion
Solar Panels
Peak Power

Battery
Power Module

GPS (Option)
Cn board clock

height 230 mm; diameter 330 mm
330 x 450 x 500 mm
S kg to 12 kg
5.5 kg spacecraft alone, and 8.2 kg total launched load
Baseline platiorm configuration: nine modules
Expandable through stacking up to three platforms
Bit rate: 38.4 kbps nominal; 76.8 kbps max. Selectable via TTC
Modulation scheme: BPSK & QPZK. Selectable via TTC
Convolutional encoding on QPSK
Bit rate: 2.6 kbps
Modulation scheme: FSK

trong Arm SA1100 RISC Processor
clock : 220 MHz
2 MByte FLASH memory (Firmwars)
4 MByze double bit per byte correcting Error Detection and
Correction (EDAC).
WATCHDOG Timer
Asynchronous uplink (8.6kbps) ! downlink (76.8 or 38.4 kbps
selectable)
Synchronous downlink programmable from 2.4 kbps to 2.6 Mbps:
synchronous uplink programmable from 2.4 kbps 2.4 Mbps
3 axis stabilisation
Momenium wheel: magnestorquers in 2 axes; 3-axis magnstometer
Better than 15 metres
Attitude estimation using a Kalman filter
Liguefied Gas ProPuision System:
Ammonia (<5 ms ) or Butane (<3 ms )
SNAP-1 configuration: four body mounted panels of 5.5 W each.
Higher power altematives available.
SNAP-1 configuration: 4 W orbit average, 8.1 W peak power
6 cell 1.4 Ah NiCd battery (nominally 7.2 V to 8 V); 45Whr'kg
Four Battery Charge Regulators. one per panel, suitable for use
with NiCd and Li-ion celis. Power conditioning. Commandable iow-
loss power distribution switches
Nominally 15 m lateral accuracy using SGR-05 receiver
Accuracy: =1 s; or via SGR-05

Payload Accommodation

Payload Data Interface

Tray Module

External Surfaces
TT&C Network:

Available lines

Up to three tray modules (Eurocard size area available for PCBs)
The propulsion system located inside of the stacks can be
replaced by a payload. This volume is defined by an equilateral
triangular with @ base width of 150 mm and height of 110 mm
250x220mm

1 Mops Controller Area Network

+5 V unregulated (from battery), +5 V regulated supply

affordable access to space




Artemis Project

B KoMaHAQ ACIIMPAHTOK U3
Santa Clara University
(CA) paspadboTara 7
ITUKOCITYTHIKOB AAA
zarrycka u3 Stanford
University’s OPAL
(Orbiting Picosatellite
Automatic Launcher)

The Artemis Team (back row, left to right) Amy Slaughterbeck, Dina Hadi,
Shannon Lyons; (front row, left to right) Theresa Kuhiman, Adelia Valdez,
Maureen Breiling, Corina Hu
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Artemis picosatellite for OPAL

m Orbiting Picosatellite
Automatic LLauncher

(OPAL) mecer B cebe

TpI/I ITMKOCITYTHHKA

19



OTteuecTBEeHHBIE MUKPOCIYTHUKU

® Muxkpocnyrauk Hexpa-5
paspaboTrkrr MAI1 BeiBeAcH
Ha opouTy B 1983r.
COBMECTHO C OCHOBHBIM

crrytHIKOM Memeop-1 Lpupooa

m Macca conyrEIKa — OK0AO 50
Kr. | paBATanimoHHas cucrema
OPHEHTAITNH CO
cheprIecKknmM MAaTHITHBIM

AemiicpepoM. AAMHA IITTAHTH
— 12 m™

20



Glass Satellites

B [lepBbld ozzexianrivil
CITy THHUK-AEMOHCTPATOP
(xoprropamms Aerospace, US,
Acka0opb 2004r.) coaepxHAT
CeMb IMIAOAOHHBIX ITAACTAH U
MOHTAKHYIO ITAATY C
SAEKTPOHNUKON HABUTALIUNA 1
cBA3H. AmaMETp CIYTHHUKA -
10 cm, a ToAIIIIHA — MEHEee
1.3 cm. Bec Bmecre ¢
TOIIATBOM H2a OOPTY,
cocraBAseT Bcero 330
IPaMMOB

21



University of Tokyo’s Ongoing Student-
Lead Pico-Satellite Projects

Our first satellite 1s called **CubeSat XI" [sai], which weighs 1kg and 1s a cube 10cm on a side. Its fourth model, “CubeSat
XI-1V” [sai-four] was launched as one of the world’s first CubeSats on June 30, 2003 from Plesetsk Cosmodrome, Russia.

Fig. 1: Outside and inside of XI-I1V

Fig. 4: Images taken by XI-IV



PRISM

The code name of the satellite 1s “PRISM”,
which stands for “Pico-satellite for Remote-sensing and
Innovative Space Missions™.

Fig. 5: Outlook of PRISM.

~~__ Solar Array
| Paddle
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PRISM Details

PRISM 1s a 17emx17cmx25cm cuboid, and the mass
will be less than Skg.

[

Under Deployment

Deployment — .
Completed PRISM aims to demon-

strate remote sensing of ground resolution of 10~30 meters
per pixel with total satellite mass of 3~5kg, and it turns out
to be highly mnovative if we realize this level of resolution
with a pico-sized satellite.

Fig. 16: Boom Deployment.
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CUTEs

CUTE-1, 20cm x 10cm x 10cm,
1 kg
launched in 2003

CUTE-1.7+APD, 20cm x 10cm x
10cm

developed and built by the second
generation of students of the

launched on 21.02.2006

Status report: “On our visible
pass 2006/4/11 7:00 and 8:00UTC,
we verified Cute-1.7 has been
transmitting coutinuous carrier
wave and could not control the
satellite.

We think that onboard receiver
seems to be not work.”

25


http://lss.mes.titech.ac.jp/
http://lss.mes.titech.ac.jp/
http://lss.mes.titech.ac.jp/
http://lss.mes.titech.ac.jp/
http://lss.mes.titech.ac.jp/
http://lss.mes.titech.ac.jp/

Cute-1.7 + APD Project - ADCS

Gyro Sensor (ADXRS150),
7.0X7.0X3.0[mm] ,
+150[deg/s]

Magnetic Sensot
(HMR2300), =2[gauss],
75X30X7.0[mm]

Sun Sensor (S6560) +50[deg],
6.0%6.0%2.5[mm]

MTQ (Magnetic Torquer),

58.5X78.3X5[mm], 10[mA],

540[€2], 46.3[mW], 0.045[A
* m2]




I IpuMepbl KOCMUYECKUX HIPOEKTOB C
N CIIOAB30BaHIE MUKPOCIIyTHUKOB
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Tunobpr Muccum

® OAMHOYHBIN IIOAET — OAH CIHYTHHUK

= Cossesaue (Constellation mission) — rpymma CIyTHHIKOB,
AETSAIINAX IO OTAEGABHBIM OPOHUTAM, OObEAMHEHHBIE CAMHON
3aAA49€CH, HO YIIPABASEMBIE PA3ACABHO. ABIKEHHUE IIPOUCKOANT
IO Pa3HBIM OPOHUTAM HAH IO OAHOM, HO CO CABHUIOM IIO
BPEMEHHU

m I'pymmosoit moser (Formation Flying mission) — rpymma
CIIyTHUKOB, OOBEATHEHHBIX OAHOM 32AaYCH 1
OCYVIIIECTBAAIOIINX ITOAET HA OAH3KOM APYT OT ApPyTa
paccrosHuM. PeaAnsyercs yIpaBACHUE B3aMMHBIM IIOAOKEHHIEM
CITyTHUKOB.

28



University Nanosatellite Program

m C 1998 mo 1999 UNP Briopasa 10
AMEPHUKAHCKIX VHUBEPCHUTETOB AAA
Pa3pabOTKH HAHOCIYTHHUKOB
VHHUBEPCUTETCKOTO KAACCA C
IIPEAOCTABACHHUEM CPEACTB 3aITyCKA

®  BriOpaHBI AA PEAAM3AITIL:

Ionospheric Observation

Nanosatellite — Formation (3
CITyTHHKA) /

Three Corner Satellites

Electromagnetic Radiation and
Lighting Detection (2 coyrHmka)

Constellation Pathfinder Mission
Solar Blade Heliogyro

Nanosatellite \

D o 29



Japanese first Mars explorer
NOZOMI,

= 1998-2003

® the total mass
budgeted for the
science instruments 1is

33 kg

m the total mass of
Nozomi at launch
including 282 kg of
propellant was 540 kg

30



Tpaexropusa noasera k Mapcy

_eaving Earth
Dec. 20, 1998
2nd Earth Swingby

Launch June 19, 2003
July 3.) N
Ist Lunar Swingby / / =

Sept. 24, 1998 o
Lunar Swingby
Dec. 18, 1998

Mars Orbit Insertion
Oct. 1999

Fig.3: Original orbit plan Fig.4:

ISAS/NTS(NEC)

Nov. 9, 2001
I'st Earth Swingby
Dec 21, 2002

Mars Arrival

New orbit plan
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SMART-1

ESA
27.09.2003-27.01.2005

370 kr (m3 HUX 83 KI KCEHOHA
— TOITAUBO AASl HOHHOTO
ABHATATEAS MAAOU TATH)

Croumocts muccua $85 MAH
Thrust = 70mN

Specific Impulse >1600s
Discharge Voltage = 350V
Discharge Current = 4.28A
Lifettime = 7000h

32



Tpaekropmua ABm>keHUA K AyHe
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IIpumep FF-muccun

m Jonospheric Observation
Nanosatellite —
Formation (3 cryrHuKa)

Utah State University + i 7 >

University of Washigton
+ Virginia Politechnic
Institute

2004
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http://www.aero.gla.ac.uk/Research/Ss/images/st5.jpg

OO0aacTp HAIIUX UHTEPECOB
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HeoOxoauMmoCTh pereHus
TPUEANHOU 3aAAUH, 00 bEANHAIOIIIEIH:

® OOAACTD HAITKX HEPCOHAABHBIX HAYIHBIX
THTEPECOB

B HoBusHy i mHTEPEC AAA TIPOIIECCA OOYICHUSA

B [lcrounmk (l)HHaHCOBofI IIOAACPAKKH
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Harir Be100p

B lccAaeroBaHE AMHAMMKN CAOMKHBIX
MEXAHUYIECKIX CHUCTEM

B Brioop u paspabOTKa METOAOB HCCACAOBAHUSA
TAKAX CUCTEM

B AHaAUTHYIECKUE
® YncAeaasre
= \abopaTopHBIE HOAYHATYPHBIC

O HaTyprIe UCIBITAHMA

37



UyTth-uyTh CTOPHUU

50 - 60-e roarr: mepseie 1IC3 (83 kr u 8 Kr), cucrema
OPMEHTAIIII OTCYTCTBYET

00-e ropsr: criyrEuky Tra TRANSIT, DAEKTPO, AZUR,

ESRO-1A, -1B, maccuBHBIE CHCTEMBI OPUEHTAIIIN

B 70-e roppr: EXOS-A, OSCAR-8, MAGION-1
m 80-e roasr: UoSat-1, ICKPA-5, MAGIONs
® 90-e roasr: UoSats, CTAPT-1, BADR-1, ASTRID, PoSat,

BremSat, TUBSat

3-e TeicageAeTre: mporpamma HACA moasepxkn 46-ti
yausepcuteTos CILIA, REFLECTOR, mpoeKTsl MaABIX
cuyrarkoB Vtasmm, Tansansd, Yman, Masazun, @pannmn,
Beankoopurammm, ['epmanmm, FOAP, Apreatunsr, [lakicrana,
[IIBerrmmn, Aammm, Poccrum — maccuBHBIEC M AKTUBHBIE CHCTEMBL
OPHEHTAITUN
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Anremma

m 3A - Maable cOyTHHKHA - 3TO 3 (DEKTUBHBII

“subj” AAS OOYYIEHUSA CTYACHTOB COBPEMEHHBIM
TEXHOAOTHAM

m [[POTHB - ®usrex - He nHKeHEepHBIN BY3 1
ITOAXOASAIIIASA MATEPHUAABHAA 0a32 AAS
CAMOCTOSITEABHOTO CO3AAHUSA U BEIBOAA HA
OPOUTY MAABIX CIYTHUKOB OTCYTCTBYET, TEM
0oaee, oHa oTcyTcTByeT B VlHCTHTYTE
IIPUKAAAHON MATEMATAKI
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Ilyt; paspenieHus AMAEMMBI

B Vuactue B PYHAAMEHTAABHEBIX IIPOEKTAX IIPH ITOAAEPIKKE
PODV, I IporpamMMbl HOAAEPKKI HAYIHBIX IIKOA PP
(IIOCTAHOBKH 32A29, Pa3PA0OTKA MOACACH, MATEMATHIECKOE
MOAEAHPOBAHUE)

B YJacTuE B TEXHOAOTHYECKHUX IIPOEKTAX IIPU ITIOAAEPIKKE
ATEHTCTBA ITO HayKke 1 mHHOBaMAM P®d (MaTemaTmaeckoe
MOAEAIPOBAHIE, PA3PAOOTKA I ACCEMOAMPOBAHIIE IPOTOTUIIOB
SAEMEHTOB CHCTEM OPHUEHTAIINH, PA3PA0OTKA I M3TOTOBACHHE
AAOOPATOPHOTO OOOPYAOBAHUSA, AAOOPATOPHBIC MCIIBITAHISA
IIPOTOTHUIIOB)

B Ydyacrue B HPUKAAAHBIX HIPOEKTAX, B PAMKAX KOTOPBLIX MBI
OTBEYAEM 32 HACOAOTHIO M MATEMATHIECKOE MOACAUPOBAHAE
CHACTEMBL, AATOPUTMBI YIIPABACHUSA, 2 IIPOMBIIIACHHOCTD
(Poccuiickas MAM 3apyOeKHAsA) — Pa3PA0ATHIBACT, H3TOTABAUBAET
CHCTEMY M/ AW CITyTHHK, 4 3ATEM H BBIBOAHT €IO HA OPOUTY

40



Cucrembl OpueHTAIINN U UX
BepU@PUKAIUA B AAOOPATOPHBIX
yCAOBUAX

41



Approaches to orient a satellite in
given angular position (active)

B Functional scheme

Sensors

algorithms of attitude determination
algorithms of control

controllers

actuatofrs

O Requirements

hardware (sensors, on-board computer, actuators)

software (algorithms of attitude determination and
control)

pOWGf SOurce 42



Restoring torque development

Restoring Torque

Magnetic

G ravity-Gradient |

Aerodynamic

V. r ,




Damping torque development

Eddy Current
Damper

Magnetized
internal shere_

Conducting
external sphere ™\

Damping Torque

Hysteresis Damping
rods Hinge

Stabilizer
Rotated '
plate

Magnet

Three sets | Ml-hnj
of rods )
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Three-axis ACS with magnetic
torques

m Allows to provide a
satellite with three-axis
arbitrary orientation
mode

D

m Several degrees accuracy
(mostly depends on
Geomagnetic field model

precision)

45



AabopaTOPHBIN CTEHA, CO3AABAEMBIU

B UIIM um.M.B.Keaabrmmia PAH
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Three-axis ACS
with fly-wheels

m Allows to provide a
satellite with three-axis
arbitrary orientation
mode

m Several tens of angular
minutes accuracy

47



DTanbl PeIIeHUA 3aAaUN

aes, dopmasnzariys, HOCTAHOBKA

BeIi60p METOAOB HCCAEAOBAHUS (OOBIYHO: AHAAUTHKA,
KOMITBIOTEP; PEKE: HOAYHATYPHOE AADOPATOPHOE
MOACAMPOBAHHUE; EIIIE PEKE: ACTHBIEC UCIIBITAHUS 1
00PAOOTKA PE3YABTATOB — IIOCACAHEE — 9720 Kald)

ccaeaoBaHIE AMHAMAKH, PA3PA0OTKA AATOPUTMOB,
MAKETHAA PEAAASAITASA

VcnprTagns Ha AA0OPATOPHOM CTEHAE

Peaanzamma (COBMECTHO C IIPOMBIIIIAECHHOCTBIO)
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HccaearoBanme 3APAKECHHBIX

JACTHII \
OpueHTauA 110 /

MATHATHOMY IIOAFO

I TaccuBHas cucrema S

OpI/IeHTaHI/II/I
dw 1, o
AHaAI/ITI/IKa _ L;Z = _g( HdB)uer

YucAeHHOE UCCAEAOBAHUE

/y.’

Vcrprragmsa Ha creHAE
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IIpuMmepbl HIPOEKTOB MAABIX CITyTHUKOB,
IIOAAESKAIIUE HAIIEMY PACCMOTPEHHUIO

® Poccmiicknit (1o 3akaszy CIIIA) mapocoyTHIK
REFLECTOR c maccuBHOI IpaBUTAITHOHHOMN
CHCTEMOM OPUEHTAITAN

m [IIseackmit (c yaactuem CLIIA i Poccum)
HaHocoyTHuK MUNIN c maccuBHOU MarHITHOU
CHICTEMOM OPUEHTAITAN

B [[akmcTaHCKHNT MIKPOCITYTHIK BADR-B c
HOAyaKTHBHofI rpaBHTaHHOHHOfI CHUCTEMOMN
OPHUEHTALINNA

m [[epsoia pOCCI/II/ICKI/II/I HanocnyTHuK THC-0 ¢
MATHATHOI CHCTEMON OPHUEHTAITUN

50



Small satellite ACS analyzed and
developed by the Russian Partner

Pakistanean (SUPARCO) 45-kg

_ ) Russian (Arsenal Enterprise)
microsatellite BADR-B (10.12.2001)

Russian (RNII KP) 4-kg 20-kg space booster Tor

: Russian (NII PP) 7-kg
aunogarzllies TS0 (2005) nanosatellite REFLECTOR

(10.12.2001)

Swedish (IRF) 6-kg nanosatellite
MUNIN (21.11.2000)

Russian (RNII KP) 7-kg

Russi 50-k
ussian (MAI) g nanosatellite TINS-7 (2007)

microsatellite ISKRA-5 (1983) 51



Hamra xkomaaaAa

B [Ipodeccop — 2

B NAonenr -1

m Muc—4

B AcCOupaHT — 3

B CryaeHT (6-11 KypC) — 2
B CryaeHT (5-1 KypC) — 2
B CryacHT (4-11 kypCc) — 4
B CryaeHT (3-1 KypC) — 2
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Hanocniyrank REFLECTOR

580 mmn
Retracted

1430 ram
Expanded

’7 460 mm ———

Hazmagenne: 06%/66 - CIIYTHHUK-MUITICHDb AAA }OCTI/IpOBKI/I 151 KB,AI/I6POBKI/I TEACCKOIIOB C

AQ3EPHOM IIOACBETKOM, c/eyuansiioe 0414 1ac — OOECIIEYEHUE TPEXOCHON OPHUEHTAITNN
IIOAHOCTBEO ITACCUBHOI'O OOBEKTA C IIOCAEAVIOIIEM OIPEACACHHEM (DAKTHIECKOTO
YVTAOBOI'O ABHZKCHUA IIPU HOAHOM OTCYTCTBUU AATYUKOB OPUEHTAIIAI

X



Onucanne Hanocnyruuka REFLECTOR

m wmacca— /.72 Kr

B TPEXOCHAs TACCHBHAA
rpasuaTarnorHas CO

® mrranra + 4 Aom. rpysa + 18
ITMCTEPESUCHBIX CTEPKHEN

B 32 perpopedAeKTOpa

® BheIBEACH Ha opoury 10 AexaOps
2001r. p/u 3eHnT-2 COBMECTHO C
KA Mereop-3M HA COAHETHO-
cuaxporaHyro opouty (h=1018 xm,
1=98 rpaa)

m Paspaboruuk coyramka — Hayano-
HCCAECAOBATEABCTKIAI HHCTATYT
IIPEIU3IOHHOTO IIPUOOPOCTPO-
CHUS, CUCTEMBI OPUEHTALIIH —

MECTUTYT HPUKAAAHON MaTEMA-
trka uM.M.B. Keaapmma PAH
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YupouieHHbIE YPABHEHNA YTAOBOIO
ABU>KEHUA

AnHeapu30BaHHBIE B OKPECTHOCTH MOAOYKEHUA YPABHEHIA ABIDKEHUA
0e3 ygeTa AeMI(pUPYIOIIEr0O MOMEHTA
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IIporaosupyemoe ABUO>KEHUE
CIIy THHKA

B AmaamTmyueckoe peIIeHIE Ipu
MAABIX JTAQX C YIETOM AMHENMHOMN
HAMATHITICHEOCTH

I CTEPESUCHBIX CTepH{Heﬁ

3
i) 1.} Yy H 1 s 3 . [
o = “'—"’ER—“sm' ) 1 —+sin 2u,

.. . 2AB-=C)cosi + A(cosi — 3sini)
sin i cos 1 — -' '- L COS U

“ 3(B-C)A+C - DB)

P H 1"'!_rf--tR Hu -3sln1 — cos 1

PP - Uging cos i 28 21 g1 .

ro_ fi]
q — Hy) 1""3: g JHU
A — —ﬂ—

.'I'

B YwucAeHHOE pelieHne




Cxema HaDAOA€HUA 32 CHYTHUKOM

KapTumHas A
MIOCKOCTE S J ., PaccToAHMT OT
& ., BHIVMMEX
T pedmexTopoB
OO KapTHHHOM
IOCKOCTH

C'KaHMP YIOUp Hﬁgx“fx
nys ;masepa
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CocraB usmepureAbHOU
MH(OPpMAITUNA

Pass 637 Reflector

39 40

33:00 34:00 35:00 36:00 37.00 3800 33:.00 40:00 41:00
2002—- 1-18 21 hrs+ Date and Time (23.12.2001 12:mm:ss)

3aBICHMOCTH PACCTOSHHUI OT BUAUMBIX B MOMEHT HM3MEPEHUS
PETPOPEDAEKTOPOB AO KAPTUHHOM HAOCKOCTH B TEICHHE ABYX
CEAHCOB U3MEPEHUU
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O0OpaboTka n3mMepeHNN C IOMOIIBIO
AUICKPETHOIO IIpeo0pazoBanua Pypse

“Bpygnyro’” mpOM3BOAUTCA OIHU(MPOBKA TPAPHUKOB C

OAHOBPEMEHHOU q)HApraHHCfI 3MEPECHUI
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O0OpaboTka n3mMepeHNN C IOMOIIBIO
AUICKPETHOIO IIpeo0pazoBanua Pypse

N3 draiira cCAUTHIBAIOTCA AAHHBIE U MHTEPIIOAAIIUEH OIIPEACAAIOTCSA 3HAYEHUSA B TOYKAX, PACIIOAOKEHHEIX Ha
PABHOM PacCTOSHUH APYT OT Apyra. (Puc. caepa - cmaommas amams). Aasee AAHHBIE IIOABEPTAFOTCS
AUCKPETHOMY IIpeoOpa3oBaHuio Pypbe i OepeTca MAKCUMYM MOAYAS CIIEKTPA (KPYKKH CIIpaBa),
ATIIIIPOKCUMHUPOBAHHOTO 110 hopmyae Hariksrucra-KoTeAbHIKOBA (CITAOIIIHAS AMHISA HA PUCYHKE CIIPABA)

EFI.II: 1 f—1 |'._I|"|.|| .|

71 i — .rl'._l"'l. Il

APIyMEHTOM, IIPA KOTOPOM AOCTHIAETCA MAKCUMYM, U OYAET UCKOMas JyacToTa. MIHOrAa rapMOHIKa,
OTBEYAIONIAS 32 IEPHOAUIECKYEO CTPYKTYPY, HE ABAACTCA HANOOAEE HHTCHCHBHOM, ITO3TOMY HY/KHO
VAOCTOBEPHTHCS, YTO BEIACACHHBIM MAKCHUMYM IIPIHAAACKHUT HY;KHOM rapMOHHKE. [ ToAydIeHHbIN ANCKPETHBII
CIIEKTP OOHYAAETCA BO BCEX TOUKAX KPOME TOUKH, HAMOOAEE OAMBKOM K MAKCHMYMY (YE€PHEBII KPYKOK), 1
IIOABEPTaeTCA OOPATHOMY AUCKPETHOMY IIpeoOpasoBanmio Pypbe (IIYHKTHP CAEBA).
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Pe3yabTaT 00pa0OTKU

OnpeaereHne ckOpoCcTU HNpelecCcun

f, Hz

0016

Obpadorka 32 kaapos ceccmit 32 50 AHEH (KPY/KKH Ha PUCYHKE). \HMHEHASA

MHTEPIIOAALINS AAET BBIPAKEHUE

C ACKPEMCHTOM 3aTYXaHM

AcuMOToTmyecKuMH METOAAMM OBIA ITOAYYCH ACKPCMCHT 3aTyXaHHWA:
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Passive MACS

m Swedish scientific nano-satellite
MUNIN (launched 21.11.2000

by US Delta-II rocket)
m 6 kg weight
m 1900x700 km orbit
= CCD-camera and partical
detectors
m 10-15 degts accuracy (required)
m  Passive magnetic ACS

m  Keldysh Institute of Applied
Mathematics was responsible for
development and fabrication of
the attitude control system
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Problems to be solved

m Determination of parameters of the ACS and
fabrication of damper

m Development of attitude determination
methods, algorithms and software to use the

flight data available

m Flight data processing for interpretation of
payload measurements and for the student
training
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Magnetic Orientation Concept

m Geomagnetic field is similar to the dipole’s one

m Behavior of a satellite equipped with a permanent
magnet is similar to behavior of the compass needle
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Mathematical Model of the Attitude
Motion (Euler & Poisson Equations)
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MUNIN Nanosatellite

ACS composition:

] strong permanent

permanent

magnet

S S e e

B six soft-magnetic
hysteresis rods
located in two lateral
side planes

lateral side 5
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Attitude Determination Methods

B Sources of information: m Attitude determination
m Two one-axis methods:
A2 CIOTIICICESS m [.ocal (magnetic field
m Six solar arrays current measurements,
output, sunlight & magnetic
m Star picture of CCD- field measurements,
camera, star recognition, limb
. angles recognition
m Earth's limb in the g gaton),

pictute m Statistical (sources
above all together or
individually)
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Magnetometer Measurements

Usage
-

i
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Magnetometer & Sun Sensot
Measurement Data Usage

69



CCD-camera Picture Usage

star ————
unit vector —____

lens

focal length

chip -

star position —

Scheme of determination of the direction to the star (denoted by *) with regard
to the chip sensitive plane via position of its image and focal distance of the lens.

The dimention of the chip is equal to 240x320 pixels.
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