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Analysis on Mission Lifetime and

Collision Avoidance of Cubesat Launched from ISS
Seung-Yong Yeom, Hongrae Kim and Young-Keun Chang*

School of Aerospace & Mechanical Engineering, Korea Aerospace University
ABSTRACT

Since the first Cubesat was launched in 2003, there have been more than 230 Cubesats
launched so far. Due to their small size and lightweight, Cubesats were launched by
utilizing the empty space of regular launch vehicle. However, this launch method has a
weakness that has been easily affecting by the schedule of major payloads. As a new
solution to this problem, it has been proposed that a robot arm installed on ISS would be
used to launch Cubesats. The orbits of Cubesat deployed from the ISS in various angles
and directions are analyzed in this paper. We also analyze the possibility of collision
between the Cubesat and ISS within the operational orbit of the CubeSat and eventually
calculate the optimal angle of a robot arm, which maximizes the lifetime of Cubesat and
minimizes the risk of collision between the Cubesat and ISS.
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Fig. 1. Number of Cubesats Launched by Year

Fig. 2. Deployer with ISS Robot Arm
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Table 2. NRCSD Specification
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Table 3. Orbit Parameters Generated from
ISS TLE Data
Parameters Value
TLE & XKTLE Date) 2014.09.05
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Table 4. Simulation Conditions

Parameters Value
GA Population Size 30
GA Generation Size 100
. . ) 5 Sep 2014
Simulation Start Time 12:00:00
) ) ) 5 Sep 2015
Simulation Start Time 12:00:00
Orbit Propagator SGP4

Table 5. Simulation Results

Parameters Value
0, -131.451 deg
0, -167.184 deg
0. -145.320 deg
Orbit Lifetime 354 day
Collision Probability 6.7514e-12
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Table 6. Conditions for Lifetime Calculation

Parameters Value
Cubesat Mass 4 kg

Drag Area 0.0363 m*
Drag Coefficient 2.2

Density Model
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Table 7. Lifetime of Cubesat’s Orbit

Parameters Value
Max. Apogee 459.181 km
Max. Perigee 413.908 km
Orbital Count 5572
Operation Date 354 day

Decay Date

25 Aug 2015 07:35:40.177

Table 8. Results of Comparison between
Optimal Angle and Random Angle

Optimal Random
Parameter
Angle Angle
6, (deg.) -131.451 30
Hy(deg.) -167.184 -60
0.(deg.) -145.320 -210
Orbit Lifetime 354 day 351 day
Min. Collision
Probability 6.7514e-12 6.3560e-10
Number of
Event 1 25
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Table 9. Effect of Weight Factor on Calculation Results

A 1 1 1 1 1 100 500 1000 10000

Ay 10000 1000 500 100 1 1 1 1 1
SEE | 6.84e-11 | 207e-11 | 1.14e-11 | 375e-12 | 1.11e-11 354 352 353 350
27y 358 356 355 354 354 6.75e-12 | 8.12e-13 | 1.77e-12 | 3.30e-14
Angle_X | -158.83 | -156.61 -148.12 | -139.98 | -145.125 | —131.451 147.63 151.13 -133.71
Angle Y | -109.41 -158.95 | -173.07 | -156.77 | -156.67 | -167.184 | —-12262 | -11069 | -134.26
Angle Z | -161.12 | -15248 | -133.04 | -121.73 | -164.13 | -145.320 | -147.61 -131.42 | -139.45
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Table 10. Calculation Results of Mission
Life and Collision Probability
According to Deployment Velocity

Velocity Parameter Result
(m/s)
05 2l 2 == (Alititude) 354 day
’ ES=2E 6.3587e-10
1 08 21 2 =0 (Alititude) 354 day
' E=2E 6.3616e-10
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' E=2E 6.3640e-10
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