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To remediate the orbital environment, active debris removal (ADR) from low Earth orbit is required. Laser ablation is
a vital technology for contactless active debris removal, where a service satellite irradiates laser pulses to a target satellite
to generate the ablation force for deorbiting. Since the ADR method using a laser requires no deorbiting device to attach,
the ADR by laser enables simultaneously deorbiting multi-targets, which is a promising ADR technology. As a
preliminary study of multi-deorbit, this paper designs the formation with respect to multi targets to maximize the laser
duration or minimize collision probability. Furthermore, the laser system has significant constraints such as laser focal
length, laser irradiating angle, and camera angle. Thus, the designed formations must satisfy the constraints of the laser
system. To this end, two formations that require attitude control or no attitude control are proposed. Their performances
are compared in terms of safety and deorbit efficiency.
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1. Background

Deorbit service using laser ablation

Soruies Mission Scenario
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Descent altitude using force generated
by laser ablation

Target
Satellite |

Advantages [1,2]

+ Contactless debris removal
 Adaptability to Tumbling Objects
* No need to carry deorbit fuel

Flight direction

* Extending to multi-target deorbit by a single service satellite
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1. Background

Deorbit Phase

x [m]

— Nominal formation
— Relative motion
— Laser ablation
— Electric propulsion
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Relative motion respect to the service satellite

Formation flying design for multi-deorbit using laser ablation

Nominal formation

* The relative motion
periodically returns to
the nominal formation.

* Forming the nominal
formation when not
irradiating the laser.

Outcome of this research

Nominal formation design and evaluation for multi-

deorbit using laser ablation
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2. Preliminaries

Relative motion [3,4]

Relative Orbital Elements (ROE)

Formation flying design for multi-deorbit using laser ablation

Safety Ellipses
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2. Preliminaries

Constraint

Laser system

Laser irradiation

direction Target |
<) ==y Satellite Lmax = 200 [m]
Service —
Satelite B Camerarange—_  Teeeeoioco-T ?.=10 [deg]
lmin = 50 [m]

‘max

» Always capturing the targets by the camera
* Limited laser and camera range

» Evaluate the closest distance and laser irradiation time
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3. Design

Design Policy

Formation 1 Laser irradiation
range

« Same relative orbit

/
. I Target 1
_Onz_bY_ 0”‘|'3‘ Service \_ Satellite v
irradiating laser Satellite ~~e__ff1-.---"

* No attitude control
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* Different relative orbit A range
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3. Design
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Formation 1

2 [mn]

3. Design

~— output
[, 0
tan ¢, L. [ = lmax — o
1+ 4tan ¢,
1\/—12 tan(00)® +4 2 tan(09) > +r2 4212
1242 ) By = %
2—dr? ) J
Result
r [m] 12.0
[ [m] 176.0
6 [deq] 2.53
laser irradiation time
[%] 27.2
closest distance [m] 24.0
(in RN plane ) (24.0)
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3. Design

Formation flying design for multi-deorbit using laser ablation

Formation 2
Input — output ~
f ¢l= max’ min’ 1 \ 2, ll’ lz _ sindysing
= s Osin(g+0+9)
A y T2 = mm+22,:1 (1 il W) 1] 6 = arctan—
X 1+ == (1+ W) bmin
4} P = arctani
K ll - lmzn + 2"al l2 = lmax - 2T2 j
Result
71 [M] 12.0
lmax [y [m] 74.0
7, [M] 28.6
[, [m] 142.8
laser irradiation time[%] 100.0
/ closest distance [m] 39.2
""""""""""" (in RN plane ) (16.6)
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3. Design

Formation 2
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4. Evaluation and Conclusion

Evaluation
Result
Formation 1 Formation 2
7y [m] 9.0-12.9 50-21.0
laser irradiation time [%] 40.5-25.0 100
closest distance [m] 18.0 — 26.0 70.0-19.3
(in RN plane) (18.0 — 25.8) (16.5-12.9)
X X
Target ) Target
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4. Evaluation and Conclusion

Conclusion

* As the first step of multi-deorbit, this research designed
two nominal formations.
Formation 1 — No attitude control
Formation 2 — Need attitude control

* Formation 2 has longer laser irradiation time and better
collision avoidance performance.

* The user should select the formation based on whether
or not attitude control.

- Future works ~

o Orbit Control for configuration of the formation
o Analysis of safety between non-cooperating objects

N\ J
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4. Evaluation and Conclusion
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