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Optimal Impulsive Maneuver for
Satellite FormationKeeping with Fuel Balancing
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kkk

Dong-Hyun Cho** and Hyochoong Bang

ABSTRACT

This paper contains impulsive maneuver which considers fuel consumption balance
of chief satellite and deputy satellite in satellite formation flying. Thrust input is
obtained by Lagrange’ Multiplier method which is constructed by cost function with
weight parameter of each satellite.

Energy matching constraint is applied for

boundedness of relative orbit, and theoretical solutions are verified by simulation
results. Simulations are divided into two scenarios, with or without air-drag effect.
This paper’s results are expected to be used in real satellite formation flying, when

fuel-balancing impulsive maneuver for relative orbit boundedness is needed.
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Table 1. Chief satellite orbit
Longitude of
30 de
ascending node Q 9
Argument of perigee 0 40 deg
Semi-major axis a 8000 km
Inclination angle i 50 deg
Eccentricity e 0.20
Initial true anomaly f 30 deg

22 #9499 27 JdE, 4 el A
oA 2 SE2RHY A4S yEdo.
Fig. 2= LVLH HIEA A9 4] gt
ool tig AUxE Z=AIRTE 2" A
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gold A AEE 6¥ =
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x-y motion in Hill frame
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B - i . i i
P - ! H | | '*' thrust firing
/‘/ ; ; : : : {0 final position |
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= |1
ES ‘\‘
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(a) x-y motion in LVLH frame

x-z motion in Hill frame

-

.

[

x(km)

(b) x-z motion in LVLH frame

(c) y-z motion in LVLH frame

3D mation in Hill frame

z(krm)

k) o sk

(d) 3-D motion in LVLH frame

Fig. 2. Deputy satellite position in LVLH

frame
cabetal energy of deputy sabelite
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Fig. 3. Deputy orbital energy (dimensionless)
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Required fuel consumption of satellite

i | 5 5 b | 1
00N Mol

0016
5 0014 : ‘ : : :
H | H H | - | |

0.012}-- . -

=)
=

required fuel A mikg

=}
=
=}
&

0.006 -~

0004 1--- e R E, R

S : H H : H :
U.UUL’ 1 1 1 1 1 1 1
01 02 03 04 05 0.6 07 08 0.9
weight on chief, ¢

Fig. 4. Fuel consumption of each satellite

Table 2. Fuel decrease(g) versus
weight parameter

a Vi Am, Am, Amg,,
0.1 0.9 18.4308 2.0478 | 20.4786
0.4 0.6 12.3679 8.2450 | 20.6128
0.5 0.5 10.3066 | 10.3062 | 20.6128
0.6 0.4 8.2453 12.3675 | 20.6129
0.9 0.1 2.0614 18.5517 | 20.6130

Fig. 4= FHA vA= A5 7F$A adl
g F949 9=

AFE 500kg, 8 7] Ispak= 300secZ 717338}
Rk FH4E A8 THsA o gol AdFE F
1749 A5 ko] FoA ol vl AH5S ofn
at7] ol FHAGdA ARgste Azl A
H EoEs 9T & Uk thal FA A
AR EE FY ko]l F7stAl HeH, o2 Table
2004 & 4 Slth

52 AlLtE|2 2

F oA Adeles oy 38 Rz A
gat) 27 F94% A4 AUAT 2o
T ARET 94 2 gugel golw ol 4e
of Hew Azt we A YA ik
Aol7k x, A= F71¢) olz s i A
27} watelA Bk B AEdolAdNE F 3
Wl JBs 7% A AZH0000se)wHE) S
Bste] Aoz A% AU Aol HY
o E#, FO47 249 dugl bE 1)
g Agsn MFPF HENE 2s 9P
2 %e @ F9 Adghe Madh

Table 3. Satellite initial condition

chief satellite deputy satellite
Q 50 deg 50.1 deg
0 30 deg 30.1 deg
a 7500 km 7500 km
i 30 deg 30.1 deg
e 0.05 0.051
f 30 deg 30.1 deg

B oAYedNE §14 A 500kg Isp
300sec, A=4m?,C,=227rS A&, A= 9
g ERFH, Ge YIRYdsE Juidh 07
Q)re YAl @y = -1/2C,(AIm)p|V|,V o]
TS 71 XH14, 15].

Table 3°l= Al&E#elidel AHEH f149 =
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A= e oz wEr A8 FA4%
939 27] ARbELe ZARE ojdE el A
o7k Al AAsk wekM AZko]l Al
et 9174 oA Zpolzh YA Har g Al
E=7F AAp EAkekA "
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time vs. semi-major axis
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semi-major axis alk
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Fig. 5. Semi-major axis (true and nominal)
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Fig. 6. x-y motion in LVLH frame

Remained fuel of each satellite

remained fuel mass(%)

time(orbit number)

Fig. 7. Remained fuel of each satellite

Required fuel consumption of satellite

required fuel A mikg)

1 1 1
01 02 03 04 05 0.6 07 038 09
weight on chief, «

Fig. 8. Fuel consumption of each satellite
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