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[Abstract]

Currently, the Korean military is promoting a small satellite system project to establish a command and control system that can quickly
respond to various threats from all directions, not only from North Korea. In this paper, we present a nonlinear control law to acquire the
geometry of a small cluster satellite deployment using a low-thrust electric propulsion system, the Hall thruster. The control law is obtained
by applying the general Lyapunov's control theory and analytical solution for the on-off control of the electric thruster, and it is a technique
that can effectively deploy the orbital configuration of the satellite constellation by controlling only the semi-major axis of the six elements
of the orbit. In this study, the stability of the developed control law is verified and the results are analyzed for application to a very small
satellite system.

Key word : Microsatellite, Satellite constellation, Constellation configuration, RGT-Walker, Nonlinear control, Orbit control,
Electric propulsion.
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Fig. 1. Deployment configuration of small satellite
systems.
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Table 1. Right of ascension of ascending node(RAAN) and
initial mean anomaly for xi” =43°: 40, 359, 24.

Sat# 2, My, Satft 0, M,
1 0.0 45.0 21 0.0 225.0
2 72.0 18.0 22 72.0 198.0
3 144.0 36.0 23 144.0 216.0
4 216.0 9.0 24 216.0 189.0
5 288.0 27.0 25 288.0 207.0
6 0.0 90.0 26 0.0 270.0
7 72.0 63.0 27 72.0 243.0
8 144.0 81.0 28 144.0 261.0
9 216.0 54.0 29 216.0 234.0
10 288.0 72.0 30 288.0 252.0
11 0.0 135.0 31 0.0 315.0
12 72.0 108.0 32 72.0 288.0
13 144.0 126.0 33 144.0 306.0
14 216.0 99.0 34 216.0 279.0
15 288.0 117.0 35 288.0 297.0
16 0.0 180.0 36 0.0 360.0
17 72.0 153.0 37 72.0 333.0
18 144.0 171.0 38 144.0 351.0
19 216.0 144.0 39 216.0 324.0
20 288.0 162.0 40 288.0 342.0
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Table 2. Orbital elements for control law simulation.
Sat # a 2, M,
1 45.0
2 90.0
3 135.0
4 180.0
5 6881.9km 0.0 2250
6 270.0
7 315.0
8 360.0
E 3. MYIFT A
Table 3. Electric propulsion specifications.
Type Total mass Thrust Isp
Hall Thruster 100kg 11mN 1500s
5882 SAT1
6880 o
E
% 6878 1
x
<
8
f§lﬂ 6876 &
=
@
D 6874 J
6872 1
6870 : : : : :
0o 5 10 15 20 25 30

Time, hrs

g 2. Mo7[He MEsh 2 Ho| Zxf
Fig. 2. Results of semi-major axis control using the
control law.
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Fig. 4. Results of mean anomaly control using the
control law.
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Table 4. Status of electric propulsion system for 8

satellites with control law.

. Additional
Sat # Ma'neuvenng ThrusFer G Number of pulse| thruster turn on
time, hrs time, S .

time, s
1 14.33 75.52 2401.35
2 14.53 117.78 2434.35
3 14.73 160.04 2467.34
4 14.92 202.30 16 2500.34
5 15.12 244.56 253333
6 15.32 286.82 2566.33
7 15.51 329.08 2599.33
8 15.71 371.34 2632.32
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Fig. 6. Configuration of 8 satellites applying the

control law in the ECI coordinate system.
http://dx.doi.org/10.12673/jant.2024.28.5.623

628

ECEF frame

b X
33 7. ECEF EEAIM HMof7|HE X2t 87| 2/
R

Fig. 7. Configuration of 8 satellites applying the
control law in the ECEF coordinate system.
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