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ABSTRACT

In this paper, a disposal maneuver which complies the space debris mitigation
guideline was analysed for KOMPSAT-2 as an example of LEO satellite. Definition of
disposal altitude which comply the 25 year rule’, re-entry survivability analysis of
KOMPSAT-2 parts inside and casualty area analysis were performed using STK and ESA’s
DRAMA. Finally, assuming that there were several survival objects during uncontrolled
re-entry stage, the re-entry initial orbit elements which show the low casualty probability
were found even if there were various uncertainties about the initial orbit. As a result,
KOMPSAT-2 should be descended its altitude at least 43km or up to 105km to comply
'25 year rule’ and there were heavy or heat resistant survival objects which generated
43141 m?> casualty area. And if RAAN of re-entry initial orbit was 129 degree, total
casualty probability was lower than standard value of space debris mitigation guideline
even if there were uncertainties about the initial orbit.
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Table 1. Orbit and physical properties of

KOMPSAT-2

T isposa 2020.01.01. 03:00:00
a(km) 7062.4 Cy 2.2

e 0.00097 c, 1.5
i(deg) 98.193 A{W(mQ) 7.934
2(deg) 17299 | A,,(m*) | 7934
w(deg) 332.628 m (kg) 716.44
v(deg) 114.078 T(N) 5.0
p,(deg) 677.4

I 218

p,(deg) 691.1 splsec)

STK® Lifetime Tool& ©]&3}e] &
150l §ls 4% olgl® 25 $A 9 ?Jl TS
BEA3AT olg F 979 ME OE grE=
wde AHgEtgon, HYE e 23S
20FE 207K F 570 73§l i3] o Table
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N

Table 2. Lifetime of KOMPSAT-2 w.r.t
atmosphere model and solar flux
sigma level (yr)

MOdSIgma 20 -1o Qo 1o 20
Haris= | o5 | 770 | 664 | 54.1 | 514
Priester

Jacchia70 | 87.8 | 74.3 63 524 | 424

Jacchia7l | 774 | 65 | 537 | 441 | 402

Jacchia-

e | 772 | 648 | 536 | 437 | 402
CIRA1972 | 775 | 651 | 537 | 441 | 402
MSIS2000 | 882 | 76 | 644 | 533 | 443
MSISEQD | 87.3 | 746 | 635 | 525 | 424

MSIS86 | 873 | 748 | 636 | 526 | 424
Jacchia’0 | a9 | 762 | 643 | 520 | 427

Lifetime

Table 3. Required descent altitude of
KOMPSAT-2 for compliance of 25
year rule w.r.t atmosphere model
and solar flux sigma level (km)

Modzlgma 20 -1o Qo 1o 20
Haris= | 105 1 9,9 | g55 | 727 | 64.1
Priester 5

Jacchia70 | 973 | 863 | 754 | 641 | 531

Jacchia71 | 89.8 | 785 | 668 | 551 | 434

Jacchia-
coone | s0a | 781 | 664 | 551 | 434

CIRA1972 | 902 | 790 | 672 | 555 | 438

MSIS2000 | 945 | 836 | 742 | 652 | 52.7

MSISEQO | 930 | 820 | 730 | 629 | 492
MSIS86 | 930 | 820 | 727 | 629 | 496

Jacchia’Q | g3 g | g3 | 742 | 648 | 516
Lifetime
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Table 4. Required delta-V and fuel mass of
KOMPSAT-2 for compliance of 25

year rule
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Fig. 2. Perigee altitude of KOMPSAT-2 w.r.t
time
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Table 5. Initial orbit element of KOMPSAT-2 | memizerimnact Altinudes of sl Onjects
logo (UTC) 20200101, 03:00:00 L TR
a(km) 6450 e ~ ]
e 1.0E-03 o ]
i(deg) 98.193 . ]
2(deg) 17.299 R i
w(deg) 332.628 = :
v(deg) 114.078 ; 1

Table 6. Major object definition of KOMPSAT-2

J ) Fig. 3. Burned altitude and flight range for

Name Shape EA AM Material
Parent | Cylinder 1 0.0111
Solar
Panel Plate 2 0.3353
TCU Box 1 0.0100 | AA7075
BCDR Box 1 0.0156 | AA7075
Batt Box 1 0.0072 | AA7075
CTU Box 1 0.0099 | AA7075
RTU Box 1 0.0107 | AA7075
RWL Cylinder 4 0.0043 A316
Tank Sphere 1 0.0066 TIAIBV4
PL1 Cylinder 1 0.0059 AA7075
TSt | Gylinder | 12 | 00231 | Incone
PCU Box 1 0.0139 | AA7075
STR Box 3 0.0134 | AA7075
PPDU Box 1 0.0169 | AA7075
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A7 E|Yoy F 7Y EAVE AESS A/

"ol = Ao & Yyt ofgl Fig. 3% 4& U]
HRZol %o mE Y ARAHOZHE
o Ay 1 oﬂ wE AZPAESLE 242 YERd
o AERFS dVIAFOE s AA 1
7} FolEo] UW‘%‘OH A8t
< AT 5 YT

Table 72 A|Go=z <
Holgth F 43F°
&3 RWL(HHHg %)«l
ol HFHoRE dslg HF Fv 7Molth
Table 7] A —% & d%ol Batt(ﬂH El2]) PLI(=
o) B AZtEo 27] A oF 1%
XVJQE getetil, HF HstEd e
Z¥7F 0.18kg, 0.65kg o2 UEbyITH WhH uhabg
ol &7 AS 2V|AF vl HFTHF
Hl&o] 247} 23.95%, 94.24% = YERY} A RE
o] AZtEx & Ao Holx: AL <l

& At ey g A

(|

¢

o~
T

L

- 3

R

o]

the objects

Demiser Impact Altitudes of all Dbjects

Altitude [kml

cae L 1ean
Time [s1

aBe

L

] 1ean

Fig. 4. Elapsed time of ground impact for
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Table 7. Unburned objects of KOMPSAT-2

1480

Initial Final

Object | Name | Material Mass Mass
(k@) (kg)

06 Batt AA7075 | 29.83 0.18
. (0.62%)

0.87

18 RWL A316 3.64 (03.95%)
3.09

22 Tank | TIAIBV4 3.28 (94.24%)
0.65

24 PL1 AA7075 | 56.09 (1.17%)
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Table 8. Disposal maneuver start time

Disposal maneuver start time (UTC)

1 Jan 2020 03:21:30.539

Jan 2020 05:00:00.050

Jan 2020 06:38:26.254

Jan 2020 08:16:52.478

Jan 2020 11:34:00.338

Jan 2020 13:12:22.204

I NOOO | W[ —

1
1
1
1 Jan 2020 09:55:27.105
1
1
1

Jan 2020 14:50:54.462

99 7 Jan 2020 20:15:01.778

100 7 Jan 2020 21:53:18.045

total casualty probability (all fragments considered)

0
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Fig. 5. Total casualty probability w.r.t
disposal maneuver start time
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Fig. 6. Impact location distribution w.r.t disposal maneuver start time
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Table 9. Variation of orbit elements A olzte] AT AL Folzl AXRY AAAAE

EY— e} Geh X 7b B2, AEGAAT sal

After PMD intial Orbi HAEZE > A9 A A YT

(Altitude 120km) ZHo] Wal= Aoz JElGT Table 9914 &

a(km) 6956.3 £ 0.12 64769 + 15.16 T Uxel AEZAA LY Hile suHAEY W

e 0.001 + 0.0002 0.0022 + 0.002 slof wig] wj- 7] ool Fig. 6914 UERDG
AR ISt A oA suAATe] HI =
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Table 10. Impact location distribution w.r.t
type of orbit elements

Lat (deg) Lon (deg)
a 27.78 £ 6724 | -90.19 + 27.82
30.96 = 8.34 -91.74 = 219

g}
+

i 30.70 + 0.06 -91.86 + 0.09
N 30.71 + 0.06 | -2.71 + 162.41
w 3.84 + 80.73 -10.83 + 1.28 ] ] o
Fig. 7. Impact location distribution w.r.t type
v 34.08 + 1788 | -90.54 + 474

of orbit elements
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Table 11. Input orbit element
topoe (UTC) 2020.01.01. 03:00:00

a(km) 6476.9

e 0.0022
i(deg) 98.0782
2(deg) 0 ~ 360
w(deg) 30, 60, 90, 120, 150, 180, 210,

240, 270, 300, 330, 360

v(deg) 244.9542

Population Density (in 0.25 deg x 0.25 deg)

=
.
=

!

10" I i i I i i i i I i ]
0 30 60 %0 120 150 180 210 240 270 300 330 360
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Fig. 8. Population density result w.r.t RAAN

Table 12. Monte Carlo simulation input

orbit element

a(km) 64769 * 15.1568 (30)
e 0.0022 + 0.0018 (30)
i(deg) 98.0782 + 0.1275 (30)
2(deg) 129 = 0.1 (10)
w(deg) 0 ~ 360
v(deg) 0 ~ 360

Frequency

NN
o

°

Frequency

455

40

I I
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Semi-Major Axis (km)

6485 6490 6495

Fig. 9. Monte—Carlo simulation
input - Semi-major axis

II | |
1 1.5 2 25 3 35 4 45
Eccentricity X102

Fig. 10. Monte—Carlo simulation
input - Eccentricity
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Frequency
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Fig. 12. Monte-Carlo simulation
input - RAAN
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13. Monte—Carlo simulation
input - argument of perigee
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14. Monte-Carlo simulation input -
True anomaly

Fig.

Monte—-Carlo simulation
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Impact location distribution of
Monte—Carlo simulation results
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