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coupled to the launcher {rockery as shown i Fig L1 and Plate 1 for fhiht 1o the deswed
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Plare I Sateilite Integration [ Timothy of o/, 2003}
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the satellie such g3 Spin smbilieation, Dual-Spin stabifization, Oravity-Gradiend

stabibzation and  Three-Axis siabilization An operations! satellite 1 perpeloally

LA

mamiamed 0 the opemabional orbit {through stanon keepingd through the Nonh/South

5

WY maneuver for inclivation correction and East/West (H /W) mansuver for semy mayor

tal tolerant drift, called dead band, must s be

i

more than 0.5 degree m both B/ and M/S onenta The lunch maneuvenng of
satetiite o the nrbit is showr i Plase 1L which iHostuates the { f the satellite o the
oehi

Plate 11 Satellite maneuvering m orbits |1

thy oF gf, 2007

Foad

n the process of the ssellite launch, dufferant orbis are used (as seen wn Fiae U}

>--\

achieve ot of the satellite such a5

e Parking Orbi, g termporary orbit which provides a safe and convenient location fiy

anteifite checkout and siorge between oparafions.

bit, used for getiing from place to place. Eravples are e branster orbi

try poosyachronons altinde and roterplanetary orbi 1o Mar 2005
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operational orbus and subsequent posttions 2

ard Plate 1Y respactively,

Piate 11 The orbial posstion of GEL satelbits in orbiia [Uniled Nabions, 1999

.
N
N
Sl

Mmmand

Plaie IV Dead Satellites as debns m orbits [Jobnson er af, 2004]

Several afforts and methodologies have besn presented which categorize and catalogue the

3

arbital debris, (ihers considered the order of stze and gme of debrs creation, The firs

&

»

collision and risk assessment carred oul by NASA was ov the International Space Statton

and Space Sheitie. Other spave assessment 1 the vn-catalogued fragments fiom recens

i
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in LEO, a cloud of debuis becomes randomized i argument of perisse and 1ic

of ssvending node within a fevw months or vears after creation. Couple of weeks after

>

breakup. the debiis can be seen as densely packed in bundreds of thousands of fragments
farger than Lo B these debris pass through the orbin of 2 space asset {e.y Futernational
Space Siation), they could presens 2 high probability of collision. Engineering models are
designed 1o provide accurate resubla moa tmely fashion, the debwis environment that will
be encountered by & spacecrsft in the present and near-fiture (e on time-scale of
decadest The gepesation of these space debris are observed from manned and unmanned
spacectall g5 shown m Fig 1.3

BRI 00

TS |

 ORBITAL TS
EVAL

DECAY

Fig. 1.3 Space Debris gencration {Bantean, 20021
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Orbtat Debris Broviroranent

a8 srssd
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Cree
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Blametar fum
Fuz 140 Plotof Debrs Flux versis Piametsr as Determined by Mahiple

Instroments and Studies [Johnson o od, 20041

1.3 Effects of Debris on Space environment

oo o
L i < ST e I U N s S S PR g -5 L
A

The space environment is clonded warh debris of different sizes and mass and the effecis

on the space gssers are observed in four caegones of space systom opergtions such as
penod of - orbin, projecied orbital slot for new launch, orbusl alttude and orbital
mohination The debris effect on ihe lomch and operation of satellies i dependent on the

sz of the debris (arge or small)

131 Effects of Large Debrix

ge debris objects are typieally defined as objents larger than 10 om i size and such

obiects are capable of being tracked, and orbital eloments are castly mamtained along they
sebiting planes. An example of such effect is during the course of shuttle mussions, where

| Soaoe Station (IS8) prew executes collision avoulanoe mansivers in order 1o
kS

]

Internaty
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i a near polar oebit, debris from this collision now poses an additional huzard 1o some

‘

remote sensing satilites, NASA was able © accomplish this obsarvation because their

experts have access o the olassified database of satellite orbital positions mainiained by

the 115 A Foroe [Megan, 20091 The classifteation of space debiis obsarved by 118 Axr

2.

Force 1s shown m g 2.1

RN NN

ats of

'“L 5

The coltection of recent functional and non-funciivnal satellies 1 g graphical plot agamst

km range have the

the different orbital slots showed that orliis

3 i ey by By F Y
ahout 460 spacecrafl as shown 1o the graph Fig 202

22




L R o S % JE S .

aitinusde Reghne {un}

saretlites and thew orbits {mer-Agenoy Space Debris Coordination

Fig, 1

Conunitiee, 2003 ]

Space sotenbists estimate that there are more than 100,000 objecis hetween 10 omoangd 1

cin in size gnd pethaps witlions of pleces vet smaller {Tohnson or of, 20041 Space debris i3

concenirated i the orbits most useful for human space operalions m Low Barth Oibit

wivween the Fardt's stmosphere from 100 bm to 2000 kun &

{L.EQ - defined

s 36,000 ki sbove the Barth

in Geosynchronoes Harth Orbat (GEO, o
exsentially rematn slationary over one spob on the gronnd) B i much casier to pravent

ace debris than 1o clean i op.  Indeed, there are currendly no tschnologies that can
rettably “olean wp” space junk in decades past. Although prevenwing the creation of debris

smav be simpler than romoval, nevertheless 1718 not oxactly easy 45 1T FeQUITes OPErEioTs o

Monetheless, many

space-faring nations and commercigh intereats have woken up 1o the need for debns
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added 1o space sre nol vl determined bot conlinue (o pose problems iy apact

missions [United Nations, 19991

51 Upited Nations Intervention Programme for Hpace Prehris
Aditigation

An Inter-Agency Spass Debnis Cenrdination Comnities (ALY was formed in 1993 with

the pritpary perposs © gxrhange information op spacy debris research activitizg belween

member pace sgencies, 10 facilitpie opportuniiies for cooperaion 1 space debris

resenrth, to roview the progress of o zoing conperalive activities, and to idenify debris

£ 14

itigation options 1 Jnited Mations, 19991

The seope of IADC includes:
o o roview all ongoing couperalive space dehris rescarch sotivities between member
e ganieatinns;
b 1o recommend now opportunitics o7 cooperation,

vy serve as the primary mewms for exchanging informstion and plans congerming

&

arhital debria research sctivities;
4. toidentify and evaluae options for debris o Higation,
The memborship of the 1ADU was drawn from the

1. Balian Space Agency (ASD,

3

British Mativoal Space Cenlre {RANRL

el

Contre Nations] ¢ Fudes Spatiales { CNEE),
4, China Nationgl Space Administration {URHEA),

Tyeutaches Zentrum i 1 ufte ungd Banmiahet eV €§.‘9? 3,

L
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arwh operatinoal thine s, therefore, Increase cost of satelii te tnsitding and “gmfam i the
vomnmereial world, 1t has affected competitiveness and there 15 an internations] consensus
t avoept such costs {Springer, 20061 The possible damages in netural rmechanism model
from booster fall off and decay of satelbite orbits have not provided an amizable mitigation

fEdiintaisd

s
i

The problem with natoral reechanisms is the foog duration of desay of arbsts and eveniugl

de-orhiting of the space debris, leaving reon for possible collistons and dofragmentutior

i the orbits {Untled Matinas, 1999,

2.32  Laver Moded

Another model of debris miligation is to have an in-siu laser on board a vraft, such ax the
International Spave Station (I88), which would essentially work the same way a8 a
ground-based laser, but would have the added benefil of being much closer o the sctual

debriz, Though seversl methodologies have been developed, the most feasible seems 1o be

a ground-based laser system that wonld hunt down space Junk sl shive ite laser w the

%,

particle for several minutes. The energy of the laser Hght would avtuslly set ablaze 4 tiny
faver on the debrls swrface, thus creating 2 thrust for the object as the molecnles fu the thin

taver expand away from the object while they are being vaporized [Theresa,

TO04L

The most well-known of these projects i the Orlon Project, a nijor study which bepan in
the fate 19705, and which continues to undergo development with belp from NASA and
other governmessd agencies. The focus of Orion has been to ook st the possibitity of using
highepowered laser Hght beams 0 actually deflect orbital debris out of the way of

spacerrail and it the Earth's stmosphere, wherg it can burs up,
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iDod design process {Walker

IS

of af, 2000

The iDod presents the development of an inflatable De-orbit device {iDod), wh i offi

L afierg g

significant redoction i de-orbit time while limiting the expense m terms of mass and

olume. The presentation showed that ncrensing the drag encouterad by o saiellits

cosulits i an incressed deceleration, and hewce an incresse m orbit decay rate. The drag



crease i obiningd by incrensing the drag area A of the satellite, This leads 1o o decrease

]

ol the ballistiz coefficient Cp of the satellite which is given by the eguation;

£ e iy
AN ()

ag coerfiorent of the satellite and m is the wass of the satellite. In Dod sudy
by LU Maessen, Up s 2 and o = | kg The deag area of a freely 1o stating Toant satelbite s

I3

0015 %, reanliting in Oy = 333 kg/m® [Waller er o, 2000

For mstance, an orbat bfetume analysis has been performed with Sateliite Tool Kit (§TK)

FOE Resals are given in Table 201

Table 2.1 Values for deayg area and ballistic coetfficient [W et ol 20001

Orbst {3rhit 2 Crrbit 3

Dirag Area im'} 015 (15 .30

Ballisuc cosfhicient 133 333 HE)

Orbat wapal altuude Tk TG0 SO0 1000

The aoalysts ndicates the reguirenent o de-bit g Tunin satellite by nabural orbat decay

withinn 25 vears after EOL from a ccolar orbit with given wotal aliade. The details of

the siudy shown w the Fig 2.4 desertbe that the orbit decay woreases w an exponential
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Fig 2.4 8T de-orbit prediction [Walker er of, 2000}
The wmerease i orbit decay rale is

logienl, since the amospherie density, the fhotor
influencing orbn decay rate the most, decroases ex
’m.

W thony

ponentially with ncreasing 4

f.: dil"i!di}
thed systeny, de-orbiting for the sareilues in abost
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zars, This has drasen attention 1o the area-tin

’Jijt'ui {a

{2 measure for the probabiliny tha
space debris impacts on a sateliie) of the

satelis

The od ook coguizance of stabibty for maximnun matenal efficiency,
siructure was msde 1o be a

oy
2+2

the wiipiable
1 plate onenied perpendicelar to 8

saietlite. However, there are several

ooty vector of the
several natural causes

bat result i distirbance torgues whned
affees the ontentation of the

satellie. Arong these arg

Asrodyngmic diag
Solar radiation pressure

s Mgy

o held of the |

e Uravity gradient

fdeaily,

&
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s
Pidi
-
"
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&
Pt
sy

wflatable 15 passively st
difw

v stabilized and
od by aerodvoan

namiz drag. The concept of the 1Dod 13 a

vramid struciure as shown i



V3t s O RS TG SRS b et s nen T3 o ger Yy, s < g e
Plate ¥ and the description of storage in Plate VL The structuce demonsirates how one

vt of sateiliie s inflated by the pyamid device, which is capable of duagsing the one

unit sateliiie 10 3 low Earih orbit for final de-orbiting,

£

Plate V' Pyranmd concept {

"(f‘

fasssen, 2006]

The mtlatable drag devies i stowed imside an ahaninum storage device. The Banges and
the tul of the storage device replace a standard satellite shear panel The dimensions of the
storage device allow u o be alid inside standard satelhite of 4 Cube-form Satellie frames,
The small height of the swwage device leaves about 8 om of height for Prowrammable
Crreunt Board (PUB)Y and other components 1o be stacked mside the Cube-form Sateliite s

shoveen in Plate V1

DO

FAVIS a3

Flae %

The lid of the storaue device 13 rotaed around an axde by means of heleal torsion springs.

seire holds down the Hd and is melted shrough by means of a resistor once the Iig
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The Features amd Intepration of Electromagnetic Evacuator BWlodel

space debris evacuator model d veloped 5 shown in

3.3, b adopis the stusiore
with its pavicad as

the electromagnetic ciouit imegrated 1o the
platformibus and other anciliary contt rols and subsvaiems, The eleciromagnet
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on the f(s s praneds {Bast, West, North and South) of the satellite plattorm. The E

(Y} in the figure carries the satelide stgbilization boom and bank of batteries. while the
anti-Earth panel (X} carrigs the solar paned as source of power supply and charging of the
on-bogrd batteries. The central ovlinder camies the propeliant tank used for the evaruator

taunch and maneuvening during the evacuator's Histime

Vhe magnenc core selecied for the developed debris evacustor is a fenite of “micks zinc

ERE IS TR LT bvmrenngcins endl vt Fraxer b remdoin o i AT 23 b e i N
(vaiess) because of e low reluctance to Box generation, having a permesbiliyy of

105 whers g s the permesbility of free space (e 49 % 2077 Him).
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Fig 3.3 Configurstion of the Developed Electromagnenic Spe

VB and 13 sre made of aluminum alloy, and are coupled with the magnetic corg

s

(forrite of pickel zing) that carries the coll windings o produce slectro-magnetc flux

4.7



required i the integration. The sluminum alloy is nsed becanse of s Jow muss and
tendency o generate charged fons with applied magnetomotive force. The strip panels
{(Nickel Zinchisbelled 1, 2, 3 and 4 we the magnetic core with 16 coil windings cach. The
windings are connected in paratlel to the battery w ensure that 21 least one or two

.

magnetic windings are connected &t any tme for Sux zeneration ospecially in case of

circuit breakdown in the developed debris evacuator The lower panel ¥ (Earth deck)

carries the stabilization boob and battery bank (labelled &7y, which powers the evacuator

during eolipse, The battery bank ix covered by the lover

’

central oylinder / gives structural strongth to the configurstion. The anti-Parth panal X

far panel, the primary source of power supply 1o the evacuaror in space orbit

]

The four panels 4 8 O and D are structured in matrix squared shape as shown in Fig 3 4

&

b

TR

guration of the developod model of the debris evacuator

which idustrates the in-orbit
The panels are w0 withstand the surface impast of the fving debns during attraction by the
debriz gvacuator
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Stabrdieation
baom for
Bagoustar

{ontrod .

Fig. 3.4 In-orbit Configuration of the Developed Model of Debris Bvacustor
The central Boom is responsible for the siahilization and control of the evacuator while in
orhin A aatellite operational mode with boom deployvment stains i one of the most

S B
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The contrsl boom is respomaible for the stabilization and condrol of the evacuator while in
arbit, A satellite operational mode with boom deplovment states is one of the most
sigmificant methods of attitede control. The satellite sttitnde is acquired from an anitude
with the honm podoting towards Barth,

3.2 Mathemastical Musdelling of the Space Debris  Evacuator
Parameters

The mathematical modulling of the parameters of the space debris evacoator is shown in

the following subesertions,

323 Magnetomotive fores in the Space Bebris Evacantor
The microgravity oxperienve in the outer space and the introduced elestromagnetic fhises
follow the Ampere’s law. In this thesis, an Mt coil s wound round the magnetic core.
This ensbles it o generate magnetic Hox when curron passes through the coil since
magnetomotive fovee (ke eleciromotive foree in electric oivamt) te divectly proportional
o the number of turns o the oore as given in equation (3.1}

Gem FTH {31
where

& == fluy devedoped 1o the evacuator

= magnetomtive foree in the ovasugtor

& = mnber of borne of the cotl tn the evacuator

The onil of the debris evacnmior Is powered by the current goneraied from the solwr panel
to prodece the flux which affracis the debris. The evacustor is nstelled with a detesior

serpsor, which senses the nearest debris al a disiance o the evacusior.
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permesbiiity ", and longth of coil in the panel The clectromagnetic flux in cach pane

2

will be represented by g

4.5 Analysis of the plot of magnetomotive foree {F) against
vlectromagnetic Hux {g) in each panel in the Debris Evacuator

The pavamcters i eguation (3,16} are declared for both general and sssumed values In
Appendiz A, The MATLAR codes in appendiy A are used for the stmulation of dw
electromaguetic fu developed with respect io the applicd magnstomptive force in each
pared of the subsystem. Afler the excoution of the MATLAR codes, the graph generated s
shown i Figo 41, In the graph, the applied magnetomotive ferce (F) against
elecromagneic flux in each panel is represenipd by (g and s plotted o give the curve of
ihe differential eguetion modeled o eguation (3,16} The MATLAR codes are wiilen to

cafculate the value of eleciromagnetic flux with respest to the magneiometive foros and

the pletted graph of () against (7} s shown in Fig. 4.1,

alpe e 0mm . e K e LGNS R MR SRS

WOLBISLG Mr\ o aEGH DR, M/é:m 73

Fig. 4.1 Plot of Magnetometive Forse () against Papel Blectromagne 410 Flus {g3
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means that fluxes have beon developed in the papel with the madmum
msgedomotive oree sppled which s required for the attraction of the spuce debris within
the semsor region of the evecuaior, The analysis showed that the development of the
reguired fux can be driven by the inidal applied voliage of 10V olis (o the lectromagnetic
Control Subsystem (EME) shown in Fig, 3.1 Also, the analvsis of the goneraied and
fabulated values from the MALAB simulation iy shown i feble 4.1, The relationsdyp
berwern the magnetomotive force and the electromagnetic fux in each panel can be zasily
deduced using Table 4.1

4.2 Analysis of the plot of Length of coll ({) apainst Maganetometive

Foree {F} in cach panel of the Debris Evacuator

The MATLAB vodes in Appendin B are used for the sumulation of the length of coil the ip
cach panel with respect to magoetomotive force in cach paned of the subsystem. The
MATLAB codea are written to calonlate and plot the graph of magnetomotive force (8
against length () of coll in evacuator. Afler the execution of the MATLAR codes, the

graph genersted i shown i Fig

ﬁwxmamxmzw

Fig, 4.2: Plot of Length of oodl apaingt Magnelomotive Forc
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Table 4.2 shows the imterrclationship between the length of the cofl and the
magnctomotive foree praduced by each panel. From the iabde; at any particular value of
the feagih of the coil, a comesponding value of magnetomotive force can be obipined and
vice-versa, then the rafio of elecoomagnetic flus and the length of the coll can be
determined. This analysie showed that the mageitnde of the magneiomotive force in the
panel can be incrcased with discrete norease in the length of ool as shown in modelisd
eguation {3.16) The analysis of the penersted and fabuluied values from the MALAR

spymbation iz showsn in table 4.7,

Sinee slectromagnetic fux is directly proportional o the ratio of magnetomptive force and
fength of the cotl, then the constant of proportionality, relative permeability of g updt

cross-sertional area, can be castly determined with the help of the iahde,

4.3 Analysis of the plot of magnetometive foree (F) against Tots)
electromugnetic Nux {Qfofal) Tor the Debris Evacuator

The parameters i equation (3.18) are declared for both general and assumed values in
Appendis €. The MATLAR cedes in Appendix € are used for the shmulation of the totsl
clectromageetic fhux developed i the fow panels with respect o the appliod
magnetomotive foree of the subsysterm, After the execution of the MATLAR codes, the
graph generated s shown in Fig. 4.3, In the graph, total eleciromagnetic flux in each panel
{LHordy gives the curve of ihe difforsmtinl eguation wodeled in eguatiop {3.16) The

MATLAR codes are written 1o caloulate the value of totsl clectromagnetic flux. The

wlotted graph of (F) spainst ({¥otafy is showa in g, 4.3
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