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ABSTRACT

In this paper, we investigated the international guidelines and actual disposal maneuver
cases to prepare KOMPSAT-2 post mission disposal. And then, disposal maneuver plan
was established using current propellant of KOMPSAT-2 and verification was also
performed to find out whether the international guidelines are satisfied. As a result, the
lifetime of KOMPSAT-2 was 3.6 years when 45kg propellant was used to decrease perigee
altitude to 300km. And if more than 14.5kg propellant consumed for same strategy,
KOMPSAT-2 can satisfy the international guidelines. Finally, re-entry survivability analysis
was performed and it represented that heat resistant objects, such as propellant tank and

reaction wheel,

international guidelines.

could be survived but total ground casualty probability was less than
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Fig. 1. Altitude change after post mission
disposal maneuver for UARS [21]
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Table 1. Disposal maneuver history of

GFO-1 [22]
Tank

Burn| Burn Start Time DUBrLEJi;POH Pressure

# (UTC) (min) after Burn

(psi)

1 7 Nov 2009 11:55 2 182

2 |13 Nov 2009 11:52 5 166

3 |16 Nov 2009 09:52 8 147

4 |18 Nov 2009 10:00 10 131

5 |21 Nov 2009 22:34 10 119

6 |23 Nov 2009 10:06 10 110

7 |24 Nov 2009 21:55 10 102

8 |25 Nov 2009 23:52 10 8
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Fig. 2. Disposal maneuver procedure for
GFO-1 [22]
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Table 2. Disposal maneuver summary for
low Earth orbit satellites

End Altitude
Satellite | Launch | of Strategy | Change
Life (km)
Mean
La“isat 1982 | 2001 | altitude 110
decent

ERBS | 1984 | 2002 | Apogee 90

maneuver

GFO | 1998 | 2000 | /\Pogee 330

maneuver

SPOT2 | 1990 | 2009 | AAPogee 220

maneuver

ICESat | 2003 | 2010 | APogee 380

maneuver
GeneSat| 2006 | 2010 | Drect 345
reentry

Akari | 2006 | 2010 | APOgee | oy

maneuver
Mean

ERS-2 | 1995 |2011 | altitude 215

decent

Express 2011 2012 Direct 580
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Table 3. Physical properties of KOMPSAT-2

Dry Mass(kg) 679.76
Drag Coefficient 2.2
Cross—Sectional Area(m? 7.9645
SRP Coefficient 1.5
SRP Area(m? 7.9645
Propellant Mass(kg) 452
% SRP : Solar Radiation Pressure
250
200
§150
§100
50
Q
Q 50 100 150 200

Maximum Error (m)

Fig. 3. 24hr propagation error histogram
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Table 4. Force model definition for orbit
prediction
. EGM2008
Gravity Model (70 x 70)
Solid Tide Full tide
Ocean Tide (8 x 8)
Atmosphere Model NRLMSISE 2000
SpaceWeather—
Soomaate | Az
9 (ver. 1 Jun 2018)
Geomagnetic Flux K
p
Source
Spherical SRP
Shadow Model Dual Cone
Use Luminosity 3.823E+026
Third Body Attraction Sun & Moon
Numerical Integrator RKF 7-8"
Geomagnetic Update 3-Hourly
Rate
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Table 5. Orbit maneuver history of KOMPSAT-2 for altitude maintenance

Burn Start Time Burn Duration | Pitch Angle Altitude Used

(UTC) (s) (deg) Change (km) | propellant (kg)
1 19 Jan 2011 10:04:28 300 +90 +4.490 1.000
2 20 Jan 2011 00:51:01 300 +90 +4.500 0.880
3 22 May 2014 04:10:00 300 +90 +4.300 1.100
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Fig. 5. Propagation error of ASTROGATOR
after orbit maneuver
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Table 6. Mean orbit elements of before and
after post disposal maneuver

Before After
Maneuver Maneuver
Epoch Time 10 Jun 2018 20 Jul 2018
(UTC) 00:00:00 07:02:53
Semi—-major
Axis (km) 7060.831 6887.301
Eccentricity 0.001426 0.024171
Inclination
(deg) 98.071 98.036
RAAN (deg) 57.626 98.665
Arg. of
Perigee (deg) 2.548 260.525

% RAAN : Right Ascension of Ascending Node
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Table 7. Maneuver properties for KOMPSAT-2

Maximum Propellant

Mass(kgr)’ 72,687
Propellant Mass(kg) 452
Tank Pressure(Pa) 970,851
Tank Volume(m? 0.09103
Tank Temperature(K) 293.15
Propellant Density(kg/m®) 1000
g(m/s? 9.80665

Offset Angle(deg) 14

Thrust Efficiency(%) 62
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Table 8. Re—-entry prediction w.r.t atmosphere
model

Altitude (km)
&
3

. o °= Re-entry Time | Re-entry Time
A gl Aol Al dizl= ARG 200 Atmo. Model | w/o Maneuver | with Maneuver
(Lifetime, Year) |(Lifetime, Year)
o . 10 Jan 2288 13 Mar 2022
1 Jacchia70 (269.6) (3.6)
JacchiaZ1 2 Jan 2252 30 Jan 2022
(233.6) (3.5
20 Oct 2235 25 Feb 2022
MSISE6 (217.4) (3.6)
24 Apr 2235 24 Feb 2022
MSISEI0 (216.9) (3.6)
100 9 Nov 2247 6 Mar 2022
‘ ‘ ‘ MSIS2000 (229.4) (3.6)
ey o 18 Mar 2168 | 31 Mar 2022
HarrisPriester (149.8) (3.7)
Fig. 7. Evolution of apogee and perigee ‘ - :
altitude after post mission disposal Jacchia70_ | 14 Jul 2255 | 15 Feb 2022
maneuver using long-term orbit Lifetime (237.1) (36)

propagator

% Atmo. Model : Atmosphere Density Model
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Table 9. Re-entry time prediction after 13th 7 Matetal and Object Defitions Dileg X
maneuver w.r.t atmosphere model e
Hame onave | ctomcts| Diametr | LTON | Mo | Mese | e
Re-entry Time with 13th i iz
Atmo. Model Y Parent ylinder |1 0 b5 s e =
Maneuver (Llfetlme' Year) SolarP Pate. P 0. 767 I3 FERE
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Table 10. Survivability analysis results
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