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This paper illustrates the trajectory design of drift distance recovery after initial launch and proximity operation
when verifying rendezvous/docking technology using nanosatellites. The rendezvous/docking is a technology
that is the basis of on—orbit servicing technology and is a preemptive process essential for approaching a
target object. In particular, since it is difficult to verify in space, nanosatellites have recently been used to
reduce the risk and cost of the development stage. Therefore, this paper not only introduces the configuration
and specifications of thrusters for nanosatellites but also designs relative trajectories that can take into
account the thrust limitations which come from the small size and low power of nanosatellites. In addition,
we intend to be helpful in later designing scenarios according to the improvement of available thruster

performance through comparison of trajectories and thrust usage with cases without thrust limitations.
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St g sty A= 2%, 1% 48, A& 59 ARFE HE, A 4 23, 116
A 59 BT 739 IdFE ZFRH1L of=dt V&S AlE AollA Ak A2
EE 7l o5 BA0] 8FEER AApFoR SRR W A AT o
8ol 2% u|gdof =jte|o] fFP=joigtet. 12yt 20079 Orbital Express B4 7]
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i
g

Z2 Z%F 10 kgF9 6U 2719 248 94 F 715 A=ska, 201993 20208001 2+
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o Fig. 12 F 949 AlAad 347 45 AlvE g verdct 6U 3719 F 9442
Alo]Al(chaser)2t B Al(targen) O & -3 4= 91O, Fig. 19] & TIol|A 27 A%}t @
2x0] X3 Sict. AolA $1439 $i¢t obfiolls 717t EAE, 9 moko] FA4e
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Fig. 1. System configuration of chaser and target satellites & mission scenario.
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Table 1. Thruster major specification

Property Specification
Propellant Butane
Weight Total wet mass = 802 g for one module

Total dry mass = 682 g for one module

Size Less than 2 U (20 x 10 x 10 cm) of total size
Thrust level Max 1 mN for each nozzle

Burn duration Max 300 sec

Total Delta-V Around 16 m/s (assuming a 10 kg nanosatellite)
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Fig. 2. Thruster configuration of chaser satellite.
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Table 2. Maximum thrust level of each axis

Configuration Nozzle & thrust level
X-axis 2 Nozzle; 2mN (=2 x 1 mN)
Y-axis 4 Nozzle; 2.6972 mN (=4 x 1 x cos(47.5°) mN)
Z-axis 4 Nozzle; 2.9538 mN (=4 x 1 x sin(47.5°) mN)
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Fig. 3. RIC coordinate frame definition.
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Fig. 4. Drift recovery comparison. w/o thrust limitation (left); w/ thrust limitation (right).
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Table 3. Required Delta-V for drift recovery scenario w/o thrust limitation

Maneuver type Required Delta-V (m/s)
Prograde 0.30268
Retrograde 0.96433
Total 1.26701

Table 4. Required Delta-V for drift recovery scenario w/ thrust limitation

Maneuver type Required Delta-V (m/s)
Prograde 0.06 x 6(10, 12, 14, 16, 18, 20 days)
0.034877 (22 days)
Retrograde 0.06
0.016246
Total 0.471123
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Fig. 5. Relative motion of circumnavigation.
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Fig. 7. Approaching phase relative position & range history w/ thrust limitation.
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Table 5. Required Delta-V for approaching phase w/o thrust limitation

Maneuver type Required Delta-V (m/s)

2l km to 1 km transfer 0.23176
1 km circumnavigation 0.31602
1 km to 500 m transfer 0.14164
500 m circumnavigation 0.12366
500 m to 200 m transfer 0.081969
200 m circumnavigation 0.077288
200 m to 100 m transfer 0.026641
100 m circumnavigation 0.02641
100 m to 50 m transfer 0.012756
50 m circumnavigation 0.024027
50 m to 10 m transfer 0.0013608
10 m circumnavigation 0.03606

Total 1.0996

Table 6. Required Delta-V for approaching phase w/ thrust limitation

Maneuver type Required Delta-V (m/s)
2 km to 1 km transfer 0.060897
1 km maintenance # 1 0.060411
1 km maintenance # 2 0.060636
1 km maintenance # 3 0.060617
1 km maintenance # 4 0.060599
1 km maintenance # 5 0.027638
1 km to 500 m transfer 0.008153
500 m to 200 m transfer 0.003474
200 m maintenance # 1 0.060089
200 m to 100 m transfer 0.010117
100 m to 50 m transfer 0.002700
50 m to 10 m transfer 0.000890
Total 0.4162

£UZ8 94 AT AL A
714 o] WolAA U 27]9] 247 9

ol 218 }%—o} Tam xﬂta A7to] 22 5% FRISHL o2 A4 WA Al %
ate) o ol WS EF ALY 33 24 28
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