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ABSTRACT

Geostationary satellites undergo various orbital perturbations and this results in location
change. Therefore, all the geostationary satellites use the thruster in order to control the
location change. For this purpose, the suitable amount of liquid propellant is mounted and
the amount of propellant is reduced as time goes by. This means that the lifetime of the
satellite depends on the residual propellant amount. Therefore precise residual propellant
gauging is very important for the mitigation of economic losses arised from premature
removal of satellite from its orbit, satellites replacement planning, slot management and so
on. In this paper, we introduce the propellant gauging methods used in the geostationary
satellites and the propellant gauging method studied in the laboratory level.
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Table 1. Estimation of Geostationary Satellite
Operating Profit(6 Month) [3]

Satellite Longitude | BOL | EOL | 6 Mo
Name (deg) | (year) | (year) | ($M)
Intelsat 902 63.34E 2001 2011 52.33
PAS 10 68.50E 2001 2016 | 45.46
Eurobird 28.52E 2001 2013 | 33.92
Atlantic Bird 2 8.07W 2001 2013 | 29.07
Intelsat 904 60.00E 2002 | 2012 | 86.64
Intelsat 905 24 50W 2002 | 2012 | 86.64
Intelsat 906 64.00E 2002 | 2012 | 83.15
NSS-7 22.00W 2002 | 2014 | 64.48
Atlantic Bird 3 5.00W 2002 | 2017 | 44.32
Eutelsat W5 70.50E 2002 | 2014 | 43.99
Galaxy 3C 95.00W 2002 | 2017 | 42.99
JCSAT-8 154.00E 2002 | 2013 | 39.40
NSS 6 95.00E 2002 | 2016 | 38.97
Atlantic Bird 1 12.50W 2002 | 2017 | 32.99
Intelsat 907 27.50W 2003 | 2013 | 77.30
Asiasat 4 122.00E 2003 | 2018 | 43.22
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Fig. 2. Liquid propellant and pressurant
distribution in the zero gravity
Fig. 1. Space Debris Protected Regions[5] environment[2]
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Table 2. Typical residual propellant gauging method[12]
| E3 e ZHE cHE Heritage
ceiHo| 2Eo} ofelg =1 Lo xime g g
- _ 5 - — ° oy =T ° T
PVT CPVTAlZ o|83tod &30 Hajx| RuE A | o FItEx 2ZL e ol A4
= - - o AR ZZAIF(EOLO 2/ Mol A
ke AbBH ZXIH o BuZ H A N EIE=3 >
cher T ( TH=E [hi) S M Matg zZta Alg
o FXMFU ZRE Fo] FAIHZE AL
colB == A|XN o X K| o] H{A |
st caNH Hoz MeH UMorel sjerH el ol 2= 2 A (EOL) FRAe Aol T
= o ol T e ol eh ot = M PVT gholl His | 25tm =2xM =t o HughesAt
F o4 cdE|X| R A2 oo ¢y, 2 5F Aoz beo N co uen wge | wub As
- _ _ = == ° =T - = T
ghe o FRM BT 2REl Fo{FRMZ AL e | am me = °
= L o = -
CRMTOIA FTY| 2F, BAZH A =
7 Al Eot 2 2E 9N 22 HOIHE J|=2e2 xoimx 2Ee AT BE o =R
. ° == 0 ° T o
wrest M 2t M2 REe] UM a2ekg AN | L o = 2 X9 We 2l Mol A
= o FIIMoR XM ZtzZte| Y| F & ° s e =T AL
Ao HolEE ez #
Fo1ax 2Ee HYoIM EE RE Lo
mop | o FEH 30l 22 stetm mojFAMo w | cARSEAIFEOLS | o EFAYH e o ol
SEEE | 2 dxuiss systol T RTMT AN 2 258 ¥uE 3| cAdgssyol ¢ | L T
7t 5 ME5Tt soby -
Table 3. New proposed residual propellant gauging method[12]
ki Ex™ e kS gs] cHE
o 29| = g o 7|7} AHEste ot SMIISER QS ALY | &2 Matzol| dlsf | - 3|MA MO &g
SATRSEE ZRH o M 9 SF Chedh AJAE] oute HEr
Loud Levelnd) |, xa15)7) xtmebs Sob mimol o 491 8 | MEE B4 ks | o FE7| HESAR S5
'"Kl_jl_ln;{t“ o MI|H MM ZH|
al pural
(Nudear Magnetic o BuEHE FAM UAESC +E M0 TIFA | o &2 HaEET o ZMTH| SEY
9 s o M5 Alel Jls o2 238
Resonace) . THR
2
o B 27
_ o DN ApEk
BRF oS o ZFAIL £0 Qe #AL} Doz DRASFE C _ ool b= o
R =% o s Al Jts e ZA0l= BE R
oH o o _T'_Hl‘o-‘-
=
o k2 MM
c MU AR EH MM
sUSYH - 1YY RYA(ESTRTAE MBSt BEB | o qgc e
3 oF ! e HE . _
(Flowmeter) FH7|2 pde FUM 2R 5 o FEY| HAXE Al W2
Hatx
ZSuEYY o UF-7|HZE HALSElE ESTH Aladel ARE R | o 27} 27 g
. . S °ET = T
(Ultrasonic) (time delay) &% < o 1H|E
o BT RIS
AL S AR YAS 2FE FAA U ZEAZID O1BES A | o gac o DH| S
cries=TeE S~ SHsHE gy =s e o ObE 2 K|
N IR
aretm A o BAZ RAHE
o o Ax|o| FSHM EZ4=E(Optical Absorption)S AHE 5t o malc cBH L) MAMEEA 5
(Optical Mass S = e =2 YR LA wo
) o ZtojiRE &4 7tsd =3,
Gauging Sensor) . 8|8
2
& 23 2} ¢ S = 5 5290 El= .
gk o] Wy ¥4 AelN s e BEH F48E BFHAA(OMGS, Optical
S = = Zxo =1 . o s = = =
=S AN, WAL EZS BF= AF Mass Gauging Sensor)S 53 At g5
= A =4 = [e) =3 ~ - -
BEd A EASL} BAbs =l AF AHAl A=z == wEe AN A
= = = = [ o _ -
e A FdF 5o AR A HE&e ol o= 98 =37
[e]
-

OMGSE A A|3taL

v}
2
o
2
__)rl_r‘l
2
B>
ol
™
5
H 2

1

=2

2

23

£
— ol



876 kg2 -

ol

rﬂ

12

o B AL 2 T

n m

m. 2 =
BAAEAY AAFAA FFMe A
=949 5z A8 AF A7l AL A
AAA G A3k A Ekel 2449 o

i
o mE 1o 0
OF—{OTQ‘

—_

% ﬁﬂo}oq %E} Fo X*ZHIE
A SH7IHS PVTHJ‘?..M 35
?JEMVM 7H‘:'L 2 g, 372

2 0 X

¥

oL

12 of (7 ox
i
b rlo Lo (e

o fil 32 Il o v o2l 2 K off op

o
N
P
2
=2
X
SAPSY
oxl
iz

il 2
=

References

1) Charles D. Brown, Spacecraft Propulsion,
ATAA education series, 1996.

2)RJ. and ]S
“Fundamental on Low Gravity

Hansman Jr. Meserole,
Limitations
Fluid Gauging Technologies Imposed by
Orbital Mission Requirements”, AIAA-88-3402,
July 11-13, 1988.

3) Kalina K. Galabova, Olivier L. de Weck,
"Economic case for the retirement of
geosynchronous communication satellites via
space tugs", Acta Astronautica 58, 2006, pp.
485~498.

4) “What is a Satellite?”, http://www.boeing.
com/defense-space/space/bss/about/What_is_a
_Satellite_2012.pdf, 31 Dec 2012.

5) "ADC(Inter-Agency Space Debris Coordination
Committee) Space Debris Mitigation Guidelines",
UNCOPUOS, 15 Oct. 2002.

6) Chobotov, M. V., and Purohit, G. P,

“Low Gravity Propellant Gauging System for

Accurate Predictions of Spacecraft End-of-Life,”
Journal of Spacecraft and Rockets, Vol. 30, No.
1, 1993, pp.92~101.

7) Young-Keun Chang, "Satellite Propellant
Gauging Analysis", KSAS Journal, Vol.22, No.2,
1994, pp.101~113.

8) In-Tae Kim, Hwanil Huh, Jeong-soo Kim,
“An  Investigation on  the
Consumption  Rate
Low-Earth-Orbit  Spacecraft”,
Vol.31, No.1, 2003, ppl113~119.

9) Koreasat 3 Critical Design Review Data

Propellant
Gauged  from  the
KSAS Journal,

Package, Vol 7, book 2 of 2 propulsion,
Lockheed Martin, 1997.

10) Eung-Sik Park, Bong Kyu Park, Moon
Gyung Nam, "Analysis on Propellant Gauging
System of KOREASAT-3 employing Thermal
Mass Method", KSPE Journal, Vol.5, No.1, 2001.

11) Brauer, LE. et al, “Method for
measuring the mass of liquid in a storage
tank”, US patent 5,158,362, Oct. 1992.

12) Bernhard Hufenbach, Rolf Brandt, Gerard
Andre, Raoul Voeten, Patrick van Put, Berry
Andeas Ad Delil, Olaf
Mastenbroek and Aswin Pauw, “Comparative

Sanders, Schwer,
Assesment of Gauging Systems and Description
of a Liquid Level Gauging Concept for a Spin
Stabilised ESA/CNES
spacecraft propulsion conference, Noordwijk,
May 1997, pp. 561~570.

13) Jeff Flowers, Richard Reed, John Gallop,
“A Novel Propellant Gauging System for Use

Spacecraft”,  Second

in Microgravity Based on Nuclear Magnetic
Resonance”, Second  European  Spacecraft
Propulsion Conference 27-29, May 1997, pp.
571~578.

14) Gregory A. Zimmerli, Karl R. Vaden,
Michael D. Herlacher, David A. Buchana, Neil
T. Van "Radio
Gauging of Propellants", 45th AIAA Aerospace
Sciences Meeting and Exhibit 8-11, January 2007.

15) R Matthijssen, P.Van Put, "State-of-the art
Gauging Components for Improved Propellant

Dresar, Frequency Mass

Management on 3-Axis Stabilized Spacecraft",
42th AIAA/ASME/SAE/ASEE Joint Propulsion
Conference & Exhibit 9-12, July 2006.
16) R. Matthijssen, P.Van Put,
Flow Meter for GSatellite Propellant Gauging

"Ultrasonic



B 42 & 2810 9%, 2014. 10.

BANEAS 2ol%

AN 249 9 1EEY 877

=

and Ground Test Facilities", 44th AIAA/ASME
/SAE/ASEE Joint Propulsion Conference &
Exhibit 21-23, July 2008.

17) Amit Lal, B.N.Raghunandan,
for Propellant Gauging in Satellite", Journal of
Vol44, Nol,

"Configuration

Spacecraft and Rocket, January-

February 2007.

18) Cyrille J. Douz, John F justak, "Liquid
Oxygen Test Results for an Optical Mass
Gauge Senor", 45th AIAA/ASME/SAE/ASEE
Joint Propulsion Conference & Exhibit 2-5,
August 2009.



