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ConHEYHBIM MapyC — YCTPOMCTBO IS IIPUBEACHHUE B JIBHKCHUE

KOCMHNYCCKOI'O allllapara, UCIIOJb3YIOMICC JaBJICHHUC COJIHCYHOI'O BCTPa
NJIN JIQ3CPHOI'O N3J1YUCHUA.



Lifetime vs Altitude using a 5x5m micro solar sail Drag and Solar Radiation Force vs Altitude
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OOBbsiCHEHUE SIBJICHUSI YBEJIMUCHUSI BPEMEHU JKU3HU ITPU yBEINMUYEeHUH Macchl KA:
bannuctuyeckuit k03¢QPUIUEHT:
d2
C=c f E
rae ¢y - koapouiment Gopmer KA; d — Munenesoe cedenne KA; m — macca KA.

Uem BbllIe OUIMCTHUECKUA KOA(DPUIUEHT, TEM HUXKE CHJIa a3pOJAMHAMUYECKOIO
CONPOTUBIICHUS.



Tunbl KOHCTPYKIHUHU COJTHEYHOTO Mapyca

1. ITapyc — rupockon (heliogyro solar sail system)




Tunbl KOHCTPYKIHUHU COJTHEYHOTO Mapyca

2. ITapyc — quck (spinning disc solar sail system)
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CTpykTypa MeMOpPaHbI COJIHEYHOI0 mMapyca

1. OcHoBa memOpansl nnapyca — Polyimide (PI, Kapton), Polyethylene
terephthalate (PET, Maylar);

2. llepenHsiss MNOBEPXHOCTh Mapyca IOKPBIBAETCA  XOPOIIO
OTPAXKAIOIIEH CBET AJIFOMUHUEBOU TIJIEHKOW;

3. 3agHssa MOBEPXHOCTh Mapyca JOJKHA XOPOIIO M3J1y4arh, ITO3TOMY
XPOMHUPYETCS, JTUOO TAKXKE aJTOMHUHHUPYETCS (€CIM HEHM3BECTHO,KaKas
13 CTOPOH OyneT padoueii).

vAﬂ}OMMHMVI ~100 Hm
T A

30008000 Hm

l ,,

ANtOMUHMIA ~ 100 HM




THunbI HANIPpABJAKIIHAX IITAHT
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Mertamnmndeckue (MeaHO-0epHUIIINEBbIC) YIermacTuKoBbIE



IKAROS

IKAROS (anrn. Interplanetary Kite-craft Accelerated by Radiation Of
the Sun) — ANOHCKMI KOCMHUYECKHN ammapar ¢ COJTHEYHBIM MapyCcoM,
CO3MIaHHbIN ATIOHCKUM areHTCTBOM a3pPOKOCMHYECKHUX HCCIIEIOBAHUN.
3anmyck coctosicst 21 mas 2010 roma. 8 nmekaops 2010 roma KA
npoJsieTesl MUMO BeHepbl, TEM caMbIM 3aBEPIIIUB CBOK) MUCCHIO.




— COJIHCYHBIC  BJIEM(

TOJIIHUHOU 25
(3HEpreTHKA);

5 — TPOCHI;

6 — OCHOBHAag 4YacThb

7 — anmaparypa.




SAMATERN

J5»$XA Membrane Deployment Sequence and Mechanism

== Tip mass separation

May 26 (Wed) Tip mass
- separation completed

Activate the tip mass separation
mechanism to separate all four tip
masses at the same time.

=== First stage deployment (quasi static): About one hour
As It deploys, the spin rate will owinoe. o

~15rpm
( L ; 5~ 6rpm

/ . June 8 (Tue)

L e men'\branse \b.ﬂl slowy ana Completion of
(R T ke
deployment.

To spin up to 25 rpm, and start the first stage depioyment by
activating the stopper (rotation guide) that hoids the membrane
through the relative rotation mechanism (motor drive). * mechanism activates.

= Second stage deployment (dynamic): About five seconds, or about 100

seconds until vibration settles down.
1~2rpm

As the membrane Is released,

&Y June 10 (Thu)
& Completion

¢ of the second

& stage

/' deployment.

Activate the stopper (rotation gu

release the hold of the membral:xt
start the second stage deployment.



IKAROS Mission

Minimum success: ;
Deployment of the large membrane and power generation by the thin film solar cells. > Achieved

Full success:
Acceleration verification and navigation technology acquisition by the solar sail.

2

Full success
(in six months)

Minimum success

technology using solar sail

(in a few weeks)

..\l 4) Acceleration experiment by
ot solar sail

3) Membrane deployment experiment

— Spinning-down (1-2 rpm)
1) H1IA m:g: 2) E:ud:mw ON Solar power generation by thin film solar cells

w (Srem)  Spinning-up (20 rpm) and deployment start ‘/

—

-
Completed



NanoSail - D2

NanoSail - D2 naxoauics Ha 6opty KA tuna CubSAT 3U, maccoit
4 kr. KA 05b11 3anyiieH B HOosi0pe 2010 roga. Ilnomanb coTHEYHOTO
napyca obu1a 10 M2



Tun KA
Macca KA, kr
JIIMTEeNbHOCTh MUCCUH, TH
Pasronnsrii 6110k
IleneBas opOuTa, KM

Ilens mapyca

NanoSail - D2

CubSAT 3U
4
240
FATSAT
650

VYBon KA ¢ opOutsl

Minotaur IV
Launch

Nov. 19, 2010
5:24pm PST
650km, 72°
inclination

NanoSail-D2
De-Orbit
70-120 Days
After Sail
Deployment

FASTSAT Separation

NanoSail-D2
. Ejection
‘ MET Day 7+

NanoSail-D2
Free Flight

NanoSail-D2
..\ Sail Deployment
= 72 Hours After
Ejection

Marepuan napyca CP-1
TonmuHa, MKM 7,5
[Tnomans napyca, m> 10
Tara, MmH 30
YCTpOUCTBO pacCKPBITHS 4 TeecKONMYECKHUE IITAHTH
Bpewms packpeitus, ¢ 5



NanoSail - D2

5y /‘ % Sal F\C'[l'\ aUOll
_~\ Z

N Interface Board
7 3 (SAIB)

Boom Deployer
Mechanism

i, . :
10m” Sail (Plastic
wrap removed during
final assembly.)

Panel Doors with
Kapton Bumpers



LightSail-2

LightSail-2 - npoekT COJHEYHOro Iapyca, 3amyCK KOTOPOIo
3arutanupoBad Ha 2018 roxa. Ilmanupyercs, uro KA, maccom 5 kr,
OymeT 3amylleH Ipu MOOMOIIM pakeThl-HOcuTenss Falcon Heavy.
Pa3paboran HJIaHeTapHBIM O6IJ_ICCTBOM




XapakTepucruka 3HaueHue

Marepuan napyca Mylar (PET)

TonmuHa mapyca, MKM 4,5
I[Tnomans napyca, m> 32
Tara, MH 9,3

YCTpONCTBO paCKPBITHS 4 TenecKOMMYECKUE MITAaHT U




LightSail-2

Comm

PPOD Microbolometer  Visible Camera
Antennas

Rod K W( 4R
\ 5
Nip <

L)
Torque o X
Propellant / ) '
Tank ~
Comm
Equipment

IonThruster. C&DH Board, and Power Distﬁbution Reaction
Board are mounted underneath the shelf Wheel Battery Box

LighSail-2 Oynet

HaxXOJIUTCSA Ha OOpTy
tuna CubSAT 3U.
OyzmeT 3aHMMaTh 00BbEM

KA
On
2U.

B o0seme 11U Oyayt

YCTAHOBJIEHBI ~ KaMepa

51

CHCTEMBl MOAACPKAHUA U

KOHTPOJIS  PaOOTHI
JloBBIBEICHHE KA
OIIOPHOU OpOUTHI

neyneByro opoury 720
OyA€T IIPOUCXOAUTH
nomomu Pb Prox —
MOHHBIM JIBUTaTEJIEM.

KA.
C

Ha
KM
pu
I ¢



Near-Earth Asteroid Scout

Near-Earth Asteroid Scout — KA, pa3zpabareiBacmbiii NASA Ha 6aze
CubeSAT 6U a8 CTOJKHOBEHHSI C  acTepoujaMu, OJIHU3KO
IpOJICTAIOIINE K 3EMIIC.




XapakTepucruka 3HaueHue XapakTepucTHKA 3HaueHue

Tun KA CubSAT 6U Marepuan napyca
Macca KA, kr 14 TonmuHa, MKM
JnuTenbHOCTh MUCCUH, JIET 2,5 [Inomans napyca, m>

[{ens mapyca CTOJIKHOBEHHE C aCTEPOUIOM YCTpPOUCTBO PACKPBITUSA

Bpewms packpeiTus, MuH

CP-1
2,5
86

4 TenecKONMMYECKUe MTaHTH

30



TpocoBble dIeKTPOAMHAMHUYECKHE CUCTEMBbI

Kocmuueckoit tpocoBoi cucremoin (KTC) Ha3eiBalOT cuctemy
MCKYCCTBEHHBIX KOCMHYECKHX OOBEKTOB (CIyTHUKOB, KOpaOieu,
IPY30B), COCAWHEHHBIX MPOTSHKEHHBIMA THOKHUMH 3JIEMEHTAMH,
COBEPIIAIONIYH) OpOUTAIbHBINA MOJET.




Collector

Emitter

Fig. 1. Thrust generation mechanism of electrodynamic tether.




Bi3b (TPOC B KauecCTBE IEpeAarolicii aHTCHHBI,
PaJIMOBOJIHBI);

8. PacmpenencHupie u3Mmepenus (paamouccienoBanus ColHIA H
IJIaHET, B YaCTHOCTH Ha TE€X IJHWHAX BOJH, KOTOpPHIE HE MPOMIYyCKAacT
3eMHas HoHOC(Pepa).



Small Expendable Deployer System (SEDS-1 u SEDS-2)

[onsr BeIMONTHeHusT Muccuilt 1993-1994. Muccum 3akiIOYalInuCh B
BO3MOKHOCTH Pa3BEPThIBAHUE Tpoca U B yBojae ¢ LEO 2-oi1 cTynenu
paketbl-HOcuTeNs Delta II. B muccun SEDS-1 Tpoc n3-3a konebaHui
IIOPBAJICA MOCJE OJHOTO BUTKA BOKPYT 3emiu. B muccu SEDS-2 Ttpoc
nmopBaJicd yepe3 4 JHSA M3-3a HAJIETEBIIETO HA HET0 KOCMUYECKOTO
Mycopa. /itmHa Tpoca B 00€MX MUCCHSX cocTaBisia 20 KM.
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Figure 1.9 SEDS and Endmass on the Delta Second Stage




Young Engineers' Satellite 2 (YES2)

[lenb 3KCIIEpUMEHTa COCTOsIIA B PAa3BEPTHIBAHUM Tpoca JIMHOU 30 KM
C 3aKpEIUIEHHOM Ha KOHIIE BO3BpalracMon Kamcyiaon DOOTUHO.
[Ipeamnonaranocs MPOAEMOHCTPUPOBATHL BO3MOXKHOCTh BO3BPAILICHUS C
OpOUTHI TPy30B 0€3 MPUMEHEHMS PAKETHBIX JBUraTeICH. DKCIICPUMEHT
YES2 3akoHUMIICd YacTUYHBIM YyCIEXOM. 1pocCc OBLI pa3MOTaH Ha
MOJHYIK JUIMHY, CIIlyCKaemas KallCyjJa BoIlIa B arMocdepy, HO B
3aJIaHHOM ParOHE HE MPU3EMIINIIACH.




Young Engineers' Satellite 2 (YES2)

Macca cnyckaemoro anmnapara «Fotino» 6 kr. Ero quametp 0,4 m.
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Muccusa TSS-1 u TSS-1R

B 1992 rony Bo Bpemst Muccun TSS-1 Tpoc ObLT pa3BepHYT Ha 265 M,
3aTE€M TPOC 3aXKaJI0 B JICOEJKE, MU TPOC CO CIIYTHUKOM BTSIHYT OOpaTHO
Ha 0opT 4venHoka. B 1996 rony Bo Bpemsa muccuu TSS-1R Tpoc ObL1
PAa3MOTaH MOYTHU HA BCKO UIMHY, OMHAKO «IEPEKETCA» M3-32 KOPOTKOIO
3aMbIKaHUS.




