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Research and Development of Orbital Debris Removal using Low Density Material
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Currently, the danger due to debris in earth orbit is increasing. Furthermore, methods for the removal of such orbital debris
have become the subject of attention. This paper proposes a concept for passive Orbital Debris Removal ( ODR ). In the passive
ODR described in this research, a large area of polyimide foil is opened. Low earth orbit micro debris decelerate due to their
passing through the opened foil, and eventually reenter the atmosphere. In order to achieve efficient debris removal, as part of
this research an unfolding mechanism has been invented that can open a large area of polyimide foil in low earth orbit. To
demonstrate the effectiveness of this orbital debris removal concept, an event equivalent to the breaking up of a satellite by
Chinese anti-satellite testing has been assumed. In order to give consideration to the perturbation of the orbital debris removal
spacecraft, removal effectiveness was compared with regard to the direction of orbit injection, the effective cross sectional area,
and orbit injection time as parameters.
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Fig. 1 Concept of satellites for the passive removal of orbital debris
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Fig.3 “Paper balloon” type orbital debris removal satellites

&, W LAY ) TIRETEEIT A L A ET S
&, BRI 43 m2 (SR S50,
COWEDT T REHEEITY BEAZND, B3
R-(b)ThHsb NEEHIZEIR-(c) DETH
NEHR, BHTLHIEEZMELTND., ZOK, 741
Bl 8.6 kg &7 ) BHAEADEIEEIL 259 kg
b,
COREFHEL AT AL, ARINELT K& T
5720, 8 4RIITRT L) ISR T 7)) BREERIC K
HERREE L COER Z T HUEN D 5.
BRI LA EMALR EDELR ) IZE HEAD
10 ecm LAE LR, 8B5S RUTIRT L) R EIREL
T, MIRIZERL T {ga, 727 Y 7RI 54 8
DEFRZERTEDLANR=AD DL, LirL, HEOHR
IS LADEDL L, 200 kg OFIRAITIE 7 HOfE L

B4R AURIREL T T Brk i R
Fig. 4 Group of “paper balloon” type ODR satellites

]

F5E 77y FNEREORERER (P )
Fig. 5 ODR satellite in payload fairing : top surface

66

MOy MBS 5 2 ETET, I RTOBEDH
MW Z AHETH, 300 m> IZLakbiv. Fio
300 kg DHIRTH, 11 HOEE L 2HEWRASTE T
47.3 m* OFRIMHIEE 72 5.

2.2.2 BBRTFTUREHRE

I, 86 BRI HDFMAESE L LT 7Y b
FEROMERERT L. COBEOREMHEL, W
(2B 2RI IZIEO R & 72 5.

AWFFEClE, F—8lE Y OF#ZIZ L 5%5E % HIETOT
37 <, FRIZEPL2EER MV 2FIHL, (1) T
BoNTNT A= %312, 8 7RIZHBIT S Lagrange
LSETAIEZY,  DeBra-Delp ZEHIs % FIH L CRERIH % D
RUEEOEATHENZANT SND &9, PARERZHEED
WA AxiEs s GO,

K=%4ﬁ&sh_hxﬁhrh (1)

I, I, I,

K, @ 9= )VHZE ST XA —%

K, €y FEE ST A =%

K, @ F—WZE(NT A=

[, Ha—)VEEEE— X b

1, €y TEEEE— 2> h

1, ©I—HEEE— AT b

y

YA DY TORER, HOETIE, BEfERMOARI

[t 40.7 m? £7:%. R)A IR T+ A )VOEEIL 15.14 kg
ThH), WHEEIL S14kg L7525, HEEL LTOERT
1, 200 kg OHIFRTIE 3 FHDOBREFEEDOEFA T HETDH
D, WA, 1220 m? &7 A, 300 kg OHIRT
(& 5 EOBREFEROEESTRETH D, HARIMTHEIL,
203.5m?> L%, B8RS, HHEEL L GER S/ -4

EoR HMOTT)brEMHEE
Fig. 6 ODR satellite: “umbrella” type

IHI $#  Vol.54 No.3 (2014 )



! PRy 540

Yy FAGE I
K,<0 (K, <K,)

/! 1 1-3K,
s Kl,: — K =
! 3 K, -3

| Lagrange B TE I

Ll L

T

(143K +K.K,)? < 16K K, KK, <0

DeBra-Delp %5 fH

::I>g,m~w-a~$£ﬁﬁﬁ

-1

-1 0
K,

1

£I7R FEHER V2T BRETRIRO S
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Fig. 11  Group of small-diameter-cylindrical-type satellites
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