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th~ sHtdliie such as: Spin stabllll.3.tl(lD, Dual-Spin stabdization" C-rlvlty-Gradient 

stab: b::at:on and Thn;;;:.·Axis stabilization An operational satdLt:;;; j:~ perpdaaUy 

maintained Ii': the orj(~ratinnaJ c<rbit {through station keeping) through the NOfth!Snuth 

;x;.zi':l and eccentricity correctiorL The orbital tolerant drift, c::dkd dead bald, mw;t not be 

satellitt' into the nrbitis snov.:n in Pht<:. n. -which j1!usirah:;~;, thi;; 11ight of the sawHite to the 

orb:L. 
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tn the process of the satellite b:UDCh, different orbit$ are uHxi (as f;,,,x,n 1H Plate Hi to 

:~atf:Hite checkout and siDrage between op~;;ratiGns. 

Tran;:.;fer Orbit, used for getting fro!nplace to plr).ce. Examples are the trimst{~r orbit 
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Plate m: The orbi.tal position ofGEO ~>atel!ikin orhit, ;Unihxl Nariomi" 1999} 

Plate rv: Dead Satellites a5 debris in orbits [Johnson cr at, 2004]. 

\everai8fkH-tS and methodologies have been presented ,xhich categorize <tnd catdogue the 

orbital ddxis. Otb;;n; considered th~< order of siLk and tirne of debri,:> creaU()rl. The first 

collision and risk assessmem carried out by NASA "vas on the lntemationd Spilce Station 
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In LI::o(), a cloud of debris bCCNtX:.'S randomized in <lrgumcnt of perigee :\.nd nght a:~cem;ion 

Spac{:~ Station), fhey could present a high prohability of (;0 Hi::;;on. Engineering modeh a.re 

design<xl to provide accurate n.:.srdb m a timdy fash ton, the debris ~;;nvilTmment thm \>..IiH 

decades L The generation of these space debris are ob.;en'!;;d from HlanrHXl and UnnWJ1.:H.d 
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Fig 

],3 Effects of Debris on Space cnvirmunent 

The spce environment is clouded \",ith debris of different sizes and rn<1:'.,s and th~;; effects 

on the space assets are ot1servcd i.n {bur categories of space syskm. operations such as 

perwd ofin~ orbit, projO':ted (lrbital slot for neV'i launch, orbital altitude and orl)ital 

inclination The debri~ effect on the hunch and operatwH of :satdhtes IS dependfmt on the 

SiD:; (lfthe debris (large or sma!!) 

(lbj(~cts :U'c capabk of being tracked, and orbital dement~ are easily rnaintained along their 

orbiting plane:.:; An exa.mple of such dh.:ct is during the course of shuttb lni~:.:;ions, \;.:here 

International Space Station (ISS) CfC\i./ executes collision a\'oidance nw.neuver;; in order to 
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m a near polar orbit. d(~bris from this collision nov,;, poses an additional !nzard to :~ome 

remote sensing sat<:~Hites. NASA ,<vas able to accomplish this obser,mtion because their 

Fon:e .IS shown 10 Fig 2.1 

':\k,~.u.:.'[,l 

~. ·! ..... 1<::t(~( ... ·!' ~.:~j.':.:b:) 

Flg . 

S<::;!:::l' SY:-!!:O::!Tf.:. 

P.n.>~-:<::::; 

3\,·ri::;::;}'::r::.·· 
Ij-;:~bri~-:: 

c~t-:.ie,,~t:..; .r<;:";.':.~,,:~-:::)(~d j:n 
S;~()<':.':.":';:.f >!'~ft 

..., , 
...:... I 

,~;r: .. 1.C:E 
~:)~1.TE(~T'8 

:.:;';v~ce~..: ra.f~~ ::'~1 

S.,;,ndby 

<':'t";:) :::;'}:O1(: n!h~'I';:}51 

~: )of:. t"!f i::~ 

d)jects c+about 460 spacecraft a~; ShOV,,;:1 in the gnrph Fig 2.2. 
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Space scientists e:~tinHlte that there are more than 100,OOn ()~iectsbetV>:eon 1 G ern and 1 

em in size 8.nd v~rhaps trillion:;; of pieces yet smaller pohns{m et aI, 2004 j, Spnce debris is 

concentrated in tho orbits nvx'>t useful for hurnan space operations in LO'N Earth O,.bit 

(LEO ., d<:lined lv.."t\vcon the Ei'!rth's atrnospb;;re fforn Ion km t{) 2,000 km in altitud(~) and 

in GeosyndlrOHGUS E(lrth Orbit (CEO, roughly J6,OOn km ,-:hove the Emth v·:here satd!ltes 

essentially {em.air: stmionary over one spot (In the ground), It i:,> rnuch easier to prevent 

reliably "'c1enrl up" spaee junk in deci3.de~:; past AltbTugh preventing; the creill10n of debris 

lnay be simpler than renlOv<lL, nevmihdess it is not exa.ctly ';;i3.sy as It requ.ires open~Jm::; to 

incorporate specid design feature:,> into their spacecratt or satellites. N()nethe!es~" mi'!ny 



/\.prd 2000, 



added to space are not yet ddennined. hut continue to pose problems f,:,{ ;~;pH(r 

2.2 United Nations interventionPrognunme for SpaceUehris 
l\,~<*>' .. < 1'ihlgat.lOU 

l\...n Inter-Agency Space Debris Cnord.ination COmXo.1ttee (Il\:UC) 'Nas fonned in 1993 with 

the primary purpnse to exchange inJ~)m1BJ.ioll on Bpace debris research activities behveen 

fe::learch, tn rev!cw the progress of ongoing cooperative acdvities, and to jdentify debris 

The scope of fADe indudes: 

a, to revie-.;v an ongoing cooperative space d,.,:;l..:ds research activitks between Inember 

organizat10ns; 

h, t<) recornrnend .He\\' opportunitks 1f}!' cooperation; 

c. to serve as the prhn.ary mtans fOr eKchmging in.!hrrnat.ion and plam, concern.ing 

ol'bital debris research activities; 

d. !.o idtmtify and evalua.te options :k)f debris mitiga.tiolL 

l, Italian Space A.gen.ey (/\$0 .. 

2- British National Space Centre (BNSC). 

3, Centre National d'Etwles Spatiales (CNEIS), 

4, China National Space Administration {eNS!\), 

5. Deutsches Zentrmn fUr Luft- mK! Ral.lmHthr1 e,V, (DLR), 
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to accept such costs ,"Springer, 20H6l The possible damages in nutural mechanism Tnodd 

.ii-om ho('}ster faU off and decay ofsai.dUte orbits have nnt provided an amicable rnihg(ition 

11K prohkm with Hat-uml mechanisms is the long duration of decay of orbits and eventual 

In the orbits [United. Natifms, 1999]. 

/\nother Inodel of debris mitigation is to have an in-situ laser on board. a craft, such a<; the 

ground-based laser, hut v¥<:mld have the added benefit of be1ngmnch closer to the actual 

a ground· based laser system that would hunt dO>Nl:1 space junk and. sh.1m:; its laser at the 

pnrtidebr sevef;;ll minutes. ·TIH3 energy of the laser. light would actually set abbze a tiny 

layer on the debris surDloce, ihrt':\ aeating a thmst fiJr the object as the mohx:ule~~ In the thin 

bycr ~;'XIXU1d away frora the object "'<',Alile they {trc being vaporized. [Theresa, 20{}4l 

The most 'vVdl"knDvv'11 of these prqjeds is the Orion.Pn.*:CL a major study 'Nhich began in 

Ow late 197U:.:;, and v;hkh continues to underg(~ ckvdoprnent ,,-vitb help from N/\SA. and 

other government agcm:.:ies, TIB: hKUS nf Orion has he{';'! 1"<> look at the possibility ryf w;iug 

spacecmft and into the Earth's atmospllere, 'where it (,m burn up. 
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%":'Q.6:.:.: 
.:r4:.l':');'::,>: 

$~r~wr* r;*S~~f{ 
~ ~:~~~~~:ir~ J t.,,~j~ ~r;*~~:~ 
. :<'!:«!'l~t:x, ,1&<:<:::;) S"','<3M, 

. ::';nt::i -:;:"<~d'(!:~:1!o)f:t ~~::~k-r. 

iterate 

rig 2.3: lDod design proces" IWalk(f et al. 2000]. 

'rhe iDod presents th(: dcve10pment of (l.H ini1atabk; DI'>OfbiJ devic~;; (i Dod), \;;hich oHers <l 

?volume. The presentation shnwed that increasing the drag (;ncountcred by a fiatdlite 
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(11) 

byD,C ~v1aes$en, (';; is 2 and m :" 1 kg. The drag area of a he ely rotating! -unit satdlite is 

For inst;;lnce, an orbrt lililtinw :lHHlysis has heen perf;-;rmed '>-'lith Satellite 'fool Kit (STK} 

7.0 1. Re;;;ults an.~ gjvt~n in Table 1. !. 

Orbit! ()rht 2 Orbit 3 

--------------iji:ag .. i~·;:~~;··i:'~:;i·Xj ·····························(i·()l'.5··"~~-·-.. ··-·Ti:·j .. 5 .. ························· ·'0 .. 36····· .. · .. ····· 

BalilSUC coefficient 33.3 , .' • h 
.:. .''''' 

Orbit initial. altitude fkm:! 700 900 1000 

',vlti1in 25 years after EOL hom a circular rnDit with grven initial altitude. The d~.:.;t1lb of 

the stndv ::>llOwn in the Fill. 2.4 describe that the orbit dec<IY increases in an e:-qxHlential 
/ ~ 
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Fig 2.4 STK de~orbit prediction [\VaO,er e1 ar 2000j. 

The ~nu'e(lse in orbit decay Tate!:.; IogiuiL since the at:no~,phcric density, the 'bctOf 

Vlithom iDod system, de~orhiting for th~~ ~;<ltdlites in about 700 km aUitude takes 197 

Th(~ iDod took (:ogn.l.zance of stabii1ty for maximum nwterd efflciency, the inf1atllbk 

structure v,,;as n;:;,de to be a tint phte oriented p~;;rpendicular to thevelocityvedGr of t1w 

sateDiw nowevcr~ there are 9:"v'era! nat mal causes that ,e::H.dt m disturbance torque~~ v.;hieh 

* Aerodynamic drag 

OJ: Solar radiation pressure 

.t fAagnctiG lje1d of the Furth 

*' Gravity gmdicnt 

ldeaHy, the orientation of the satdlite 'Nith deployed inflatable is passively sta.l.)ilized and 



Plate \' and ti::<') descripUon of storage in Plate VI. The structure denl(msu<ltcs hov.,' <)ne 

unit of smdlite i,,, innated by the pyram.id devIce" \vhich is capable of dragging the one 

The mfatable drag d(:vice is stowed lr1:';lde an almninum storage devIce. The Hang;cs and 

th~~ lid of the storage device replace a sundard satellite shear !.xmeL The dimensions of the 

~,torage devIce aUow it to be ~;;lid inskk s!;;mdard satelltte of a Cuh.A(mn Satdhte thrnes, 

The sn-wLl helght of the storage device ie<"p)!.;:s abom B em of h(~~ght for Programmabb 

Circuit Board (PCB) and other components to be Ma.ck.ed inside tht; Cube-form Satellite :::s 

The lid of the storage device is :cmHed around an Cl.'(k by m<.=.;ans of helical torsion sprmgs. 
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e\;acuat(){ until the near-Earth n.><:ntry The re-entry of the space debris evacuator:. after 1t 

Flight ha',/:,;; cf)mpleted its mi:';sioH, IS by comm.ands sent [mm the ground cc<ntrcd sUtion to 

the spacecrait (debris <~VaGH<ltGr) to fe-enter the Earth's atmosphere \-'{here it discharges the 

. 1 't 1 " ", i' i' '; ,w,'," 'I '.' hi' . Hnd ! ~; re-launcn IS a SUDjez:t {), 'Haner sway, ! nlS is a ~;o typh:;a:. of t. C nW.ml.<:x, nil$S~On 

{ :~;-J:.:-: ; 

... ~ .... " / 

Fig. 3.2: mu~:;iration ofrk:b,is Evacuator <wd AHI'<.Kted Space Dehris in Orbit 

JJ The Features and Integration of Electromagnetjc 'Evacuatm' Modd 

The space debris evacuator model developed 15 sho\vn in Fig. 3.3. It adopts the structure 

pbtFGfH1ibus ilnd ()ther ancillary controls Hnd sub~:;ystems. T1H:; elJ~ctrornagnelic ,xinding is 
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on the f(}ur pands (East, West North and Soutb) of the sntdlite platkrm. The b:;nh pand 

on~board be,tterit;;;. The central cylinder carrie:'> the propellant tank uSed tor the evacuator 

launch and maneuvering during the evacuator's lifctin;c. 

\,.: Eanh Panel 
x~ anti-Earth Pane! 
,A., B, C, D: Pands \>;1111 main v.;indings 
!. ('f.'r·~r'> ~ (,,,ll' >"l')':'r ~, , ...... i,.~ ;.~. (:;. <./)"! .( .. ..: . ...;.~ 

E, L. G, H ~ Sectionat panels G 

Fig .3 3' Conflf!,ufiitinn ofth~;;; Develor>ed Electromagnetic Space Dehrts E>.iacuator 

P"··«.-·l c' .'1 f>:? ( ... , "ll'j' Ji") ~.:fP '1"-lri" ,..,+'<>}, nni 'V llTl ann\' and are counted with the 111agnetic core .I.. u,;.~\..' ._;. .... O!~ ..... : •••• J.,;i.. ~ .~.' V"'~"'''''{ {t,. ......... "o/_ ~~(. .... J ...... ~. .,I ~ t .... 

(T:"'l';;" ... +' l'll' ... 1 .. <>j '71")'C\ t~'H ('Il""";;"5 t1v' 'v'o1! \vindings to l)rod;lCt~ electro-magnetic nux . ~l-.( q ... .;" '\0;': . \...;~ ... \,.... ~., .: '.1 U!H... . ...... :! t ~... ~""" ~.' ~ _ 
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n";{IUlred in tbe i nte.£.·.rati on. The alurninum :.:!jnv i·" PC;""'; tV·C.,<">l!"e 'ii:- l't,,,- I,)",;' l~"<~""-<'; at"l<j' _ .. ~, .... '. ,/ v ... _.~v· . \.. .... ) . \..1 ~ ..... ~ .... ~. . .. Sv ... ~...... . L •. 

V;nde:ncy to gener(lle charged ions 'vvith applied magnewnwtiveklfce. The strippands 

(Nickel Zinc) labeHed 1,2, 3 and 4 are the rnagnetlc con..; v.;ith i6 coil \vindings each. The 

'-\liudings are connected in paraDe! to the battery tu ensure that ,H )(:(151 one or hvc> 

. 'j' . I . i' (.l • • 'I ' (' magneuc V,,!11f H1gS arc connecWc at any tmK {or nux g~~neratlOn espcc1a.! y In c.ase o' 

eirc.nit breakdO\vn in the developed debris evacuaior The lower pane! Y (Earth deck) 

c.(lrries the ~tablJ.izmion boob and hattery bank (labelled K), \'v'hich pCHvers the evacuator 

during edi!)sc. The batten! bank is ec,vered bv thc 10'Ne1' :xmds labeled E, 1< C and H. The (,.... t" ./ ...~. 

centra] C'.:Ender 1 gives structural stren;{th to the conflQur:-ttion The anti-Earth l"iar;d .. r .... '..... c.. ....... ~ 

which H 1 u:3traks the in-orbit confi Ruration of the JevdOtKd IHodel of the. debris eV(lcuaiof. " .. ' ~ 

The pJ.11ds a.rc to "\vithstand the surfilce iml")J.ct of the Dying debris during attra.ction bv the .. ~ .... .... ; 

debris eva.cuator. 

S<",br ,D,.rmy 

Faw:! 

Stabili:::atio:l 
{wo:::n k r 
E";;tcu<!iC;l" 

C()nfJO] 

SCAD/\, 

;\l~~g'Hetic 

Snrfx:cOi fix 
SpilC~' ddnh 

<) ti f<)Cti(;l1 

Fig .. L4: In-orbit Configumtinn of the Developfd Mudd of Debris Evacuator 

The ee.n tra! boom is responsible for the stabi!ization a.nd control of tbe evacuator whi Ie in 

orbit A, ~'8.reHik opemtiorwl m.o,k vvith bonrn dep!oymem stalus i:~ one. of the most 
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The central bomn is re~ponslh!e !i.\f Ow stabilization ,rna control of the evacuator \NbHcin 

f..,ignificantmethods of attitude ccontn)L The safeJEte attitude is acquired fi:om an attitude 

3.2 IVlatbcfnllticalfVlodeHing of the Space Debris Evacuator 
Parameters 

The n11crogmvity experien.ce in tb~ outer space and the in.troduced. electromagn.etic fluxes 

foLlow the Ampere's hnv. In this thesis, an /i··turn coil is 'wound round the rnagnedc eore. 

This {.~nab1es it to generate magnetic nux when eurrempass(":s through the coil since 

magnetcnnotive fbn:;;,;: (!ike eb;;trornotivc fon.::e in electric (?ircuH) is directly proportional 

to the number of turns In the core as given in equation (3.1 ) 

¢=FA' 

where 

¢ :::: nux devek>ped in the evacuatur 

F'" rnagnetomotive f()fCe in the eV<:K.:uator 

N ::: nurnher oftums oflhe coil. in the evacuator 

The coil of the debris enK~uator is powered by the current generm{.~d fron1 the solar pane! 

to produce the nux v?hich attrads the debris, Tht:: evacual<H· is installed with a detector 
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(3.1 ~?) 
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fH:rrw.':abHity »jt~" and length ()f coil iIi thi.' panel, Tlw e1<x~{romagl1eticnux in each panel 

4.1 Analysis oftne plot of magncto.motiv~ for~e (F) against 
electromagnetic nux (q) iu each panel in theOehris 'Evacuator 

The pamm.cters in equation {3J 6) are dec!an~d for both genera! and assurn<.x.1 values in 

Appendix /L The l'v!.ATLAB codes in appt?ndix A are used h.3r the 8imulatlon of the 

panel of the subsystem. /\Jkr the execution of tb~~ MA'fLAB codes, the graph generated i~; 

sho\.vn in. Fig. 4" l. [n the graph, the applied magnetomotive fon::e (F) <igtl.inst 

ekctrornagnetic nux in each pane! is reprcsemt~d hy (q) and is piotted to give the curve of 

lhe differential equation modeled in l~~(.jUation 0.16). The \!l:ATLAB codes ~~re written to 

caicui<tte the val tie of dec1romagnetic fhJ)(wlth respert to the magnetomotiv{.~ riJrcc Hnd 

the plotted gr.aph of (q) against if) is Si1o-WH in Fig. 4.1 . 

. ~ .. ~ :<. Wow. .. o) .:.;.».:-.:.? .~_;_;.:.~ ro:.· ~.: 
:::~ . 

" > 

.. ---_..... ~ ... -

().t' il.(l 

Fig, 4.1: Plot ofMagndomotlve Fort:e (J?) agaim,t Pm1el Electromagnetic Flux (q) 
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requlred nux can be driven by the initial applied voltage of 1 OVoits to the EltxtTolnagndic 

Control Suix:;ystcm i,EMS)' shown in Fhl" },1, Also, the analvsb of the ;:,M:.nem(ca and ... ~.. ...:...-.. 

tabulated Vab!0S fiTWl the MALAD. :';lJn,ulatiDu is sho\.vn in table 4, L The reh~tiom;hip 

AnalysIs of tbe plot of Length of coli (/) against lVlagnetoIDotlve 
Force (It) in each panel of tbe DehrisEv}!('uator 

earh pand v<titb. respect to fnagnetomotive foro;:: in each pand of 011:. suhsystern, The 

against length (I) of coil in evacuator. After the execution of the tvt.ATLAB codes, the 

;';:'1-" 
:3; .. 

-~. ~~l~· 'x""UJW: ':" ~ .:.~. ',1, 
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} :C
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Fig. 4,2: Plot of Length of coil against Magnetomotive Force 
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Table 4,2 BhoYvS the interrelmionship between the length of the coli unci the 

magn-ctnmotive force produ.ced by e<wh pfineL .FJum the table; at any particular vahle {)f 

the length of the coil, a C{;w::spond.ing value ofmagnetomntive fhrce c~n be obtaiJled and 

deletrnined, This anaLysis sho\ved that the nmgllitude of the magnetnmotive {()fce in the 

panel. can be iw;.:re':l-':>cd with disc.rek~ incfc<.tse in the!cngth of coil as shown in IDodeHeJ. 

~~{JUatkm (3,16), The analysis of the generated and tahulated valu:cs hom theMALAB 

Sinrc eh~(:trornagnetic flux is directly propoJtional to the ratio of mcl.grH::tfHJlOti ve fi;.)fce and 

length of the coil, tht'11 th{.~ constant of propor.tiona1ity, rdative perrneability of a unit 

4,3 AnalysIs of tbe plot of magnctnmotivc {'(wee (.F) against '1'otal 
ciectromagneth.~ flux (Qtotal) for tbeDebris Evacuator 

The parameters in equation (3.16) <lre declared for both general and <'.!.ssumed values in 

Appendix C The rvlATLAB (:odes in Appendix C are used for the ~,i.mulatioH of the total 

dcctrmnaJ-{l1etic nux devdoped in the four pands v{lth respect to the applied 

graph generated is ShU\h/ll in Flg, 43, I-a the g,rarh, towl electromagnetic nux in each panel 

(Qtottd) give~ the curve of Ow dLUercntiul. eqtmtion modeled in equation (3.% 6\ The 

t\1ATLAH code~., are ·written to i.::ul.cuhte the. value of total dcctwmagncdcflux. T1K~ 

plotted graph. of (F} again~t (Qlotal) is shown in Fig. 4.3, 
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