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The orbital congestion is becoming an urgent issue with increasing space activities, such as satellite
constellations for high-speed and large-capacity communications. Therefore, SKY Perfect JSAT Corporation has
started out designing and developing an ADR satellite. The satellite applies laser ablation technologies so that it
does not require any physical contact with a target object. ADR mission generally requires grasping the rotational
motion of the target object in advance and reflecting it in its mission operations. The target object’s motion is
usually complicated due to various disturbance torques acting on it. This presentation shows the short-term and
long-term variation of attitude and angular velocities of the target object in Low Earth Orbit, considering the
shift of the center of gravity.
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ADR satellite developed by SKY Perfect JSAT

* The orbit congestion is becoming an urgent issue with increasing
space activities.

* SKY Perfect JSAT Co. has started out designing and developing
ADR satellite using laser ablation technologies.

* ADR system using laser is economical and does not require physical contacts.
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ADR satellite designed and developed Laser ablation technologies
by SKY Perfect JSAT
Analysis on Attitude Motion of ADR Target in

2021/02/25 LEO

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 153

ADR mission using laser ablation technologies

Output of this research

* (Quantitative analysis of attitude angles and angular velocities for debris
in LEO to clarify mission requirements

Analysis on Attitude Motion of ADR Target in

2021/02/25 EO 3
Target object m Orbital elements
a 7578.14 km
BODY e 0
o i 87.9 deg.
Q 0 deg.
W 0 deg.

The satellite model

B [he satellite model parameters

150 kg assumption
(bass: 138 kg, panel: 6 kg) 6% shift

(1) [0.078,0.030,0.078] m~~_ in all axes
(2) [0.078,0.000,0.000] m_ 5% shift

Moment of inertia [71.31,24.00,56.44] kgm?  inx axis
Surface properties [0.1,0.2,0.7]

Mass

Center of mass

2021/02/25 Analysis on Attitude Motion of ADR Target in LEO 4
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Conditions
W nitial values
assumption
Attitude angles [0.0,1.0,1.0] deg. Angular momentum of

a reaction wheel (0.42Nms)
on the minor axis of inertia
(Max initial angular velocities)

@ [0.0,0.0,0.0] deg./min. /

Angular velocities 5y ("6 2 0.0] deg./min.

W Perturbations
* Gravitational gradient

* Aerodynamic drag Need to be considered in Low Earth Orbit

* Solar Radiation Pressure

B Unconsidered conditions

* Self-shadowing Almost no effect on angular velocities in preliminary analysis

The moment of inertia in each axis increases by about 2%,

which is a safe condition.
2021/02/25 Analysis on Attitude Motion of ADR Target in LEO 5

* Product of inertia

« No initial angular momentum

Center of mass (1) [0.078,0.030,0.078] m
Angular velocities (@ [0.0, 0.0, 0.0] deg./min.

® phi(deg) ®the(deg) ® psi(deg) ® w_r(deg/min) ® w_p(deg/min) ® w_y(deg/min)
180 v v
120 v

60

Euler angles in deg.

IS
Anguler velocities in deg./min.

-60
-120
-180 A -8
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Attitude angles in deg. Angular velocities in deg./min.
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. Assumption
2_yea rs ana |yS|S « Center of mass deviated by 6% from center of geometry on all axes

» No initial angular momentum

Center of mass (1) [0.078,0.030,0.078] m
Angular velocities @ [0.0,0.0,0.0] deg./min.

0.3

absolute w in deg./min.
absolute h in Nms

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 0.25 0.5 0.75 1 1.25 1.5 1.75 2
Elapsed time in year. Elapsed time in year.
Norm of angular velocities in deg./min. Norm of angular momentum in Nms
2021/02/25 Analysis on Attitude Motion of ADR Target in 7
LEO
Assumption

]-_d ay ana |yS IS » Center of mass deviated by 6% from center of geometry on x axis

« No initial angular momentum

Center of mass (2) [0.078,0.000,0.000] m
Angular velocities (D [0.0, 0.0, 0.0] deg./min.

® w_r(deg/min) ®w_p(deg/min) ®w_y(deg/min)

® phi(deg) @ the(deg) @ psi(deg)
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Elapsed time in min. Elapsed time in min.
Attitude angles in deg. Angular velocities in deg./min.
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. Assumption
2 _yea s ana |y8 IS. Center of mass deviated by 6% from center of geometry on x axis

« No initial angular momentum

Center of mass (2) [0.078,0.000,0.000] m
Angular velocities (D [0.0, 0.0, 0.0] deg./min.

14

absolute w in deg./min.
absolute h in Nms

0.25 0.5 0.;5 1 1.25 1.5 1.75 2 G0 0.25 0.5 0.75 1 1.25 1.5 1.75 2
Elapsed time in year. Elapsed time in year.
Norm of angular velocities in deg./min. Norm of angular momentum in Nms
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Assumption

]-_d ay ana |yS IS « Center of mass deviated by 6% from center of geometry on all axes
+ Angular momentum of a reaction wheel (0.42 Nms)
on the minor axis of inertia (y-axis)
Center of mass (1) [0.078,0.030,0.078] m
Angular velocities (@ [0.0,60.2,0.0] deg./min.
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Elapsed time in min. Elapsed time in min.

® ohi(deg) ® theldeg) * psideg) ® w_rldeg/min)  ® w_p(deg/min) ® w_y(deg/min)
Attitude angles in deg. Angular velocities in deg./min.
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. Assumption
Z-years analysis.

Both the norm of angular velocities

157

Center of mass deviated by 6% from center of geometry on all axes
Angular momentum of a reaction wheel (0.42 Nms)

on the minor axis of inertia (y-axis)

and angular momentum are

Center of mass

almost same as the initial values

Angular velocities

(1) [0.078,0.030,0.078] m
2 [0.0,60.2,0.0] deg./min.
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summary
Residual Aneular
Center of mass angular Angular velocities g
momentum
momentum
% shif
.6A) shitt Zero < +6 deg./min. Max 0.25 Nms
in all axes
o b
6% shift Zero <+6deg./min.  Max0.18 Nms
in x axes
: Single spin
0]
i:fllsz;c;s 0.42 Nms the rate of 0.42 Nms
60 deg./min.
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Discussion

* The satellite starts rotating again after a certain period.
* The operation without increasing rotation of the satellite is

necessary during the deorbit process.

® \_r(deg/min) w_p(deg/min) w_y(deg/min)
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Conclusion
* This research demonstrates the short-term and long-term
variation of Euler angles and angular velocities of the target

object in LEO.
* \We obtained quantitative analysis of attitude for debris in LEO

to clarify mission requirements.

Future work
* Redefinitions of the shift in center of mass and initial momentum

are needed after detailed target determination.

Analysi Atti Moti fADRT i
2021/02/25 nalysis on tt\tudeLEc(;tlono arget in 14
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