BI0E [RR—2F7UT7—say 7] HRERE

C15

—YEHEZHAWVWEZADR 2 v avIitElF5HE
Orbit Design for ADR Mission Using Laser Satellite

.I.

O B, 5 [EfE, Aditya Baraskar, Bl #5, EZ 0 (A A7-9—=]SAT),
ﬂ+%5§%ﬁ¢%ﬁ\%5f£@(th$)
OITAYA Yuki, FUKUSHIMA Tadanori, Aditya Baraskar, FUITHARA Tomoaki,
NAGAMINE Kenshin (SKY Perfect JSAT), ISOBE Shun, YOSHIMURA Yasuhiro,
HANADA Toshiya (Kyushu University)

FHESLT 7 ) O 2Rt BBEIN T 7V % (ADR) o B D —f@mE V22055, AH8
—JSAT & BUYLEMERTIZ, L—FT 7L —va Vi o TELNAMENICER L, L—¥ 2B L -#HE
ZICX 3 ADR FEZREL TWwW3, KFEDOFHO—2 L LT, 2—7y MR L <, YRRy 8 ah
BAREL WS HBH T OoNS, L—FHEEIZ, L —FOHEEHNIcETITcENIE. 2—7 v M ko 7 £
VIV ITRTA -y FERITIZEDHRETH L, D2, HMAADR TRE L b X -7y MR
~DRFNYF VY TRAELE R L0, =T, L—HVHELE—T v M@f?-l&‘:@*ﬁiﬂi%@{ﬂn«ﬁi‘iD%Etz&?
27 ehb, L—HHEICLEADR I v avii, o207 2 —XCHEINE-0, ZNEFRDHW
i o X HERR R S B L T B, 2!@%2%( X, %7 = — X T L DX HLEIC DO W T, Hill B3 5% % ROEs
%}Eﬁb‘quu+[/u4:ﬁlﬁ]-/f«_f%t%%%n)l

As the number of spacecraft and orbital debris is rapidly increasing, Active Debris Removal is becoming an essential
technology to maintain a sustainable space environment. SKY Perfect JSAT and RIKEN are developing a laser equipped
ADR satellite which adopts laser ablation technology to generate thrusting force on the target object. This ADR method
does not require any physical contact to the target object, which is the remarkable characteristics compared to the widely
proposed methods. The laser satellite can perform detumbling and deorbiting of the target object as long as their relative
distance is within the laser range. For that reason, docking or capturing is no longer needed for this ADR method. On
the other hand, proximity operations need to be considered over the entire mission period. ADR mission provided by
Laser satellite can be divided into several phases, such as detumbling phase and deorbiting phase, and each phase
requires individual orbit design. This presentation will show the concept of the orbital design for each mission phase
and provides the validation results by using Hill coordinate systems and relative orbital elements.
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The 10th Space Debris Workshop
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Remove of Space Debris (Nonfunctional satellites) with a Laser

Aiming demonstration satellite launch in 202652 7
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Mission Scenario for ENVISAT case (IAC 2022)
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Proximity Operation by Spiral Orbit

4 - - - - N\
Safer operation can be provided by Spiral Orbit strategy
Service Satellite
Lase,  TArget Satlllte
Flight Direction
Spiral Orbit has no intersection with Target Satellite path
<€
In-Track Drift does not cause collision
\ S
This presentation provides the progress on the Spiral Orbit Designing for Laser ADR mission
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Spiral Orbit Design

Relative Orbital Elements (ROEs) can be used for spiral orbit designing

R Chaser
ROEs: Delta between two orbital elements of Target and (ADR sdletis)
Service satellites -
[ da ] i Aaja .
8 Au+ AR2cos i - '
Sey Ae, Fomi8t L N
dat = = e
de, Ae, L~
8i, Ai N
St‘y AQ Siﬂ i Fig. 6. Concept of e/i-vector separation (da = 0).
Takahiro SASAKI, Yu NAKAJIMA, Toru YAMAMOTO, Proximity Approaches and Design
. R . . . . 3 . Strategies for Non-Cooperative Rendezvous, TRANSACTIONS OF THE JAPAN SOCIETY
Specific ROEs combination gives a specific relative elliptical FOR AERONAUTICAL AND SPACE SCIENCES, 2021, 64 %, 3 %, p. 136-146
orbit on Hill coordinate system (see right figure). R
Ellipse Center Target Position
By adjusting (ade, adi, adA)[m], NN
the desired relative orbit can be obtained =
© 2022 SKY Perfect JSAT Group. All Rights Reserved. 5 3 SKY Perfect JSAT Group

Example of Spiral Orbit Design

Force Model: Two Body only
Altitude: 600km
No additional force for and “Target_600km”

HTarget_600km

Target_600km

e_Sat| 600km

Time Step: 31.2857 sec

Distance between Target and
Center of ellipse=100m

/ Service_Sat_600km

R-N plane radius =30m

Time Step: 34.2857 sec
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Orbit Change Caused by Ablation Force

Force Model: Two Body only
Assumptive Ablation force is activated on “Target_600km_ablation” Initial Orbit
No additional force for and “Target_600km” (Service & Target Sat.)

Earth

Initial orbit objects

Target_600km_ablation

Ablation Force gradually changes the
target object orbit.

rvice_Sat_600km

Service satellite needs to perform
thrusting to keep the relative position.

Time Step: 120.90 sec

© 2022 SKY Perfect JSAT Group. All Rights Reserved. 7 :I)SKYPerfectJSATGruup

Follow-up Maneuver during Detumbling & Deorbiting

Previous research* found the Equation for Ablation & Maneuver Planning
-> Which contributes to defining finite propulsion and Laser ablation planning to keep relative orbit.

*Isobe, S., Yoshimura, Y., Hanada, T., Itaya, Y., Fukushima, T., Formation keeping control for simultaneous deorbit using laser ablation,73 rd International Astronautical Congress (IAC), Paris, France, 18-22 September 2022.

Aages = Sttges — q’(tm: tini)8Qn; Sayes: Desired ROEs
ddy;: Initial ROEs
AQlges = Z ‘I’(tmr tj f)lpd(tj £t O)Fab ES Z q)(th tis, U)qjc(tj+1 o tj, f)Fel Fep: Electric Propultion Force

F,,: Ablation Force

Details & Analysis of Equation

« Gaussian Equation is combined with ROEs representations

- Ablation Force is assumed to always act in In-Track direction

* 4 Non-Linear Equations are obtained (= 4 parameters can be designed)

« According to the analysis, uncertainty of ablation direction and orbital perturbation
(geopotential) can be compensated.

© 2022 SKY Perfect JSAT Group. All Rights Reserved. 8 3 SKY Perfect JSAT Group
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Follow-up Maneuver during Detumbling & Deorbiting

T: Orbital Period
== Ablation Arc

Service Satellite

EP Force Angle

0

A X

LaSe,.

Constraints

—T
—T
3
Earth
A 2. -
8
=T
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Examples of Orbit Design

Total Ablation Arc = 0.6T
Ablation Force Direction = In-Track - EP2 Duration
Arc Centers are fixed

wy
Target|Satellite

Parameters
- EP1 Duration

- EP1 Angle
- EP2 Angle

&3 SKY Perfect JSAT Group

Force Model : Two Body only
Altitude 1 600km
Service Sat Mass : 150kg
Target Sat Mass : 150kg

Electric Propulsion : 10mN
Ablation Force 1 0.72mN

Spiral Orbit : ade=adi=30m, dI=100m

T3rget_LEOG@OKm_Ablatig

Service_Sat_600km_EP

Calculated EP Arc : About 283sec for each arc
Calculated EP 6 : About 90deg for each arc

Time Step: 60.90 sec

© 2022 SKY Perfect JSAT Group. All Rights Reserved.

Force Model
Altitude
Service Sat Mass

Target Sat Mass

Electric Propulsion :
1 0.72mN

: ade=adi=30m, dI=100m

Ablation Force
Spiral Orbit

Calculated EP Arc
Calculated EP 6

Time Step: 60.90 sec

: Two Body only
1 600km

1 150kg

: 1500kg

10mN

Service_Sat_600km_EP_2

: About 12sec for each arc
: About 90deg for each arc

O SKY Perfect JSAT Group

This document is provided by JAXA.



F10[E [RR=XFT7YVT =0 ay 7] HEERE 583

Examples of Orbit Design

icl’t?t:Sdh:OdEI g‘ggkﬁqody only \/¥?* + z% [m] (Distance from In-Track axis(=x axis))

Service Sat Mass : 150kg oh

Target Sat Mass : 50kg )

Electric Propulsion : 10mN ; 38.0

Ablation Force : 0.72mN - TGRS

Spiral Orbit : ade=adi=30m, dI=100m ' Target:1500kg
34.0

Target:50kg

A TPNEN A WPNEIUA NI A
wo M \ M M

26.0
24.0
22.0
20.0
0:00 0:30 1:00 1:30 2:00 2:30 3:00 3:30 4:00 4:30 5:00 5:30 6:00
Service_Sat_60@km_EP_3 Elapsed Time [hh:mm]
Calculated EP Arc : About 375sec for each arc As EP duration becomes Ionger
Calculated EP 6 : About 90deg for each arc . . -
S the spiral orbit becomes more distorted.
© 2022 SKY Perfect JSAT Group. All Rights Reserved. 11 :I)SKYPerfectJSATGruup

Orbital Safety after Abort

\/¥? + z2 [m] (Distance from In-Track axis(=x axis))

Abort Point Definition

90.0 @
Abort P1 —Abort P2 P4 E;]
6
800 Abort P3 Abort P4 T
—Abort P5 - Start Point X
200 —netminai P5 P3
60.0 g’ . 8
Earth
P2
50.0 X
2
ET
40.0 I P1
300 In some case, spike-like
approach to x-axis is observed
20.0
10.0 .
To ensure orbital safety,
s design should be done not to

500 400 300 200 100 0 100 200 300 400 -s00 cause the spike around Target

X(=In-Track) [m] of Service Satellite (=coordinate origin)
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Summary & Future Works

Summary
- The research shows the examples of orbit design for Laser ADR mission.

- Relative elliptic orbit can be maintained by following the maneuver plan provided by a specific
equation, but sometimes the ellipse partially collapses depending on the initial conditions.

- The degree of collapse and abort timing determine the safety of the orbit (possibility for colliding
target satellite).

Future Works
- Further evaluation of Abort Safety (Analytical & Numerical)

- Mission safety evaluation by taking into account the orbit determination error.
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