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Attitude and orbit control of the active debris removal satellite
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This paper discusses the attitude and orbit control of the active debris removal satellite in the vicinity of the
target. The satellites begins the relative navigation w.r.t. the debris at 100 km from it and approaches it through
the DCR and V-bar trajectories. We proposes that the same thruster-control law as the asteroid explorer
HAYABUSA can be applied in the very final approaching phase of this mission and confirms its validity
through a numerical calculation. The results shows that the proposed navigation successfully guides the
satellite in the direction of the debris.
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Debris Removal Satellite

| A satellite which makes a debris deorbit by attaching a removal
device on it.

[@nitial Operation |

; j 4
.’.‘
-

@ Mission Operation
*Non-cooperative approach
*Approach/Stop/Escape

«Extending the EDT

ku’:ge 2 © NEC Corporation 2014 NEC Group Internal Use Only Ermpassverend by Inncrestion NE‘

This document is provided by JAXA.



\

\

H6a [AR—AFTNVT—r gy | #EERHE 177

Target
| Target | Debris removal device
®Upper part of a H2A rocket. ®Electrodynamic Tether(EDT)

@ Attach a debris-removal devices on
the PAF.

PAF

Orbit

EDT system
©JAXA
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Objective
Show a feasible operating plan
of the debris-removal mission
from the viewpoint of the attitude/orbital control.
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Coordinate

| Target-centered RTN coordinate system
®Target-fixed orthogonal coordinate system.

N:Out-of-plane

T Velocity

R:Radial
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Analysis

| Motion of the satellite in the distant realm from the debris.
®Orbital motion of the satellite
®Orbital motion of the debris

| Motion of the satellite in the vicinity of the debris.
@ Orbital / Attitude motion of the satellite
®Orbital / Attitude motion of the debris
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Motion of the satellite in the distant realm from the debris

| Analyze the motion of the satellite in the realm of 30m ~ 100km from
the debris.

af | D100km-~

®30m

*debris: TLE
esatellite: GPS

Model-Matching nav.
Estimate the debris,'
attitude. |

» @1km~100km
Angle-only nav.
Calculate relative

@30m~200m
Model-Matching nav.

L Page 7
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position using the
LOS angle.

@200m~1km
Angle-only nav.+
Model-Matching nav.

©JAXA
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Motion of the satellite in the vicinity of the debris

| Analyze the motion of the satellite in the realm of 1m ~ 30m from

the debris.

®Estimate the attitude of the debris at 30m from it.

®Plan the approaching trajectory.
®Fly around above the PAF.
®Approach.

®Stop and keep an appropriate distance from the debris.

® Attach the removal device.
®Escape.

© NEC Corporation 2014
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Equation of Motion
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| Calculate the motion of the satellite and the debris using the

following the equations. of motion.

dx. deb = =
= Vieb
dt
dv S Faer saner :
deb g deb SOt (T I 5 NI
dt |xdeb| Men
dg)deb 7 Y7 o ~ T -
dt = Ideb (Trqdeb_tether + Trqdeb_gmvity - a)deb X Ideb a)deb) >
Tt
dq., 1 -
__t1aeb - E 0]
di 2 ([‘1 deb ]) deb
i, 4y —493 9
sat _ ‘—}'m _
a E(g...))= _q; Z“ qql
- — 2 1 4
v X F, +F, ]
dVSgt _ -xsat3 sat _thruster sat _tether 4 (T}E\@j 2k 3 j][]ﬁ};f) -4 -9 -4
dt |)_C.sat| My
dd,, =+ _i(= - L Fpusier © Force due to the thruster
d[ = ]sat (Trqsatithmster + Trqsatitether = Wy X satwsat) Ftether . Force due to the tether.
dg., 1 ~ T¥q usier - Torque due to the thruster
_d ;o EE ([qsat ])wsat 1¥q e : Torque due to the tether.
T7q gyqviry + gravity gradient torque
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Modeling of the satellite

1 4
| Model the satellite as a cube. \
®Size = 1Tm*1m*1m 2\ 7\3
®Mass = 500kg Z
z 12 10
3 : 1
| Set 12 thrusters. ) > / YA J / ?
®Force = 4N \Z L
®|sp = 220s x ° :
O®Error = 5% % A& H [N] kL5 [Nm]
AIR X Y Z X Y Z
+X 10,12 7.52 0 0 0 0 0
-X 9,11 -7.52 0 0 0 0 0
N +Y 110,11 0 2.74 0 0 0 0
i =Y 9,12 0 —2.74 0 0 0 0
+Z 156,78 0 0 15.76 0 0 0
-Z 11234 0 0] -15.76 0 0 0
+X 112,78 0 0 0 6.09 0 0
-X 13456 0 0 0] —-6.09 0 0
iz +Y [23.6,7 0 0 0 0 5.75 0
-Y 11458 0 0 0 0] =575 0
+Z 11,12 0 0 0 0 0 5.13
-Z 9,10 0 0 0 0 0] -5.13
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Thruster control in the vicinity of the debris

| Plan a reference trajectory and navigate the satellite to follow it.

| Switch on and off of the thrusters depending on the difference
between the actual and planned states.

= Control law of HAYABUSA.

Xdot  Error in velocity
AZAB(-)ON
AZRXBOFF
X Error in position
AZAH (+) ON
h Page 11 © NEC Corporation 2014 NEC Group Internal Use Only Empeweren by Inncresion NEC

Modeling the debris

| Model the debris as a cylinder stabilized due to the gravity gradient.
®Nutation

Orbit

Movement of the central axis

k Page 12 © NEC Corporation 2014 NEC Group Internal Use Only Frrsrrrn! by beirearam NEC
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Observation error

| Define observation errors as a function of the distance between the
satellite and the debris.

Error in position [m] = 0.0049 ( x—1.5 )2+ 0.05
Error in attitude [© ] =-0.0048x2 + 0.2433x

4 —, | | |
= o v =-0005! + 0255
ﬂ 3 E 3 —_tTT e
= =
g ) | MANda |k 5] 4006 | En )
i =
@ ._,_/ / % 1 /
( f— = A
i 1 2 BN a h 1 1. o th N
#TEE Lk T o m] F s R ek O 3 |
5cm error @1.5m 0.36° error @1.5m
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Simulation results
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Motion of the satellite in the distant realm from the debris

DCR approach (A~E)

V-bar approach (E~H)
=
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Motion of the satellite in the vicinity of the debris

Rl po i 2 B R (57T chib RTN EEER) Rim}
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Navigation
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AV

| AV of each axis is less than 1m/s (x=0.45m/s, y=0.15m/s, z=0.9m/s)
at the end of the sequence.

D; it HEAV B [m/s]
0.8
0.7
0.6

—
0.5 —
.r" — dVx[m/s]

0.4
0.2 /'— dvz[m/s]
0.1 _.rr ¥
0 —_
] 200 1000 1500 2000 2200
Eqmbra] [#9]
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Error in position

| Converge gradually and become nearly-zero at the relative-stop
phase.
® |ess than =£10cm
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10
- N
X [m]

= /}- —

-10 / 7 [m]
-15
v
-20
0 500 1000 1600 2000 2200
FX BB ] [F5]
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Error in velocity

| Less than £5cm/s
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Error in attitude angle / attitude angle rate

| Less than *5deg in the attitude angle.
| Less than ®£1deg/s in the attitude angle rate.
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|
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Summary

| Simulate the orbital / attitude motion of the satellite in the distant and close
realms from the debris.

| The result shows that the satellite gets closer the debris through DCR and
Vbar approach.

®19 hours, AV=10.4m/s, stating from 80km point

| It also shows that the satellite successfully approaches, stops and escapes
from the debris using the thruster control law of HAYABUSA.

® AV of each axis is less than 1.0m/s
®Errors in position/velocity are nearly-zero.

| Estimation of the position and attitude of the debris using image processing
is now under study.
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