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Recently, a growth of space debris has been recognized as a significant problem and Active Debris Removal
(ADR) has been studied as one of the solution for it.

To remove upper stages of rocket in congestion orbit is most effective because of it is large volume and mass, so it
is considered as one of the targets for ADR mission.

Kawasaki Heavy Industries proposes ADR mission which uses Electrodynamic tether (EDT) attached on PAF
(Payload Attachment Fitting) of the upper stage of rocket. In this mission, there are three key technologies,
“non-cooperative rendezvous”, “capturing PAF” and “deorbit by EDT”. However each technology has technical
problems and it is difficult to verify them on the ground. So it is necessary to verify them in orbit as a step for
ADR satellite.

This paper describes the satellite system studies for verifying the key technologies and ADR system. It also
describes Kawasaki Heavy Industries’ micro size satellite “DRUMS ; Debris Removal Unprecedented
Micro-Satellite ” used for verification of ADR key technologies.

This document is provided by JAXA.



428 FHA T SE R I JAXA-SP-18-011

Doc. No.: 18KT021160

Feasibility Study of Active Debris Removal Satellite
for Key Technology Demonstration
and System Demonstration

2018/12/5 8t Space Debris Workshop

KHI: Hiroki Nakamoto*, Tatsuya Maruyama
JAXA: Hiroyuki Okamoto, Satomi Kawamoto, Toru Yamamoto

B Kawasaki
Powering your potential

OUTLINE
1. Background
2. Feasibility Study for "EDT Demonstration Satellite”

3. Feasibility Study for
“Non-Cooperative Rendezvous Demonstration Satellite”

4. Development of KHI's micro size satellite "DRUMS"

5. Summary

B Kawasaki
Powering your potential

© 2016 Kawasaki Heavy Industries, Ltd. All Rights Reserved

This document is provided by JAXA.



gl (AN —2F FVT— gy HRERHE 429

1. Background

B Active Debris Removal (ADR) is necessary to stabilize the growth of space
debris.

B The upper stages of rocket have been remaining on orbit as space debris,
and the number of it is so large.

-> For this problem, KHI proposes ADR mission which uses
Electrodynamic tether (EDT) attached on PAF of the upper stage of rocket.

Debris Removal Satellite
\‘

PAF

(Payload Attachment Fitﬁy

Debris
(upper stage of rocket)

Fig.1 Image of ADR mission
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1. Background

B To put ADR into practice, we should solve some technical problems which are
difficult to demonstrate on the ground.
B To commercialize ADR, these demonstration should be done with low cost.

-> the demonstration by a low cost and small satellite is one of solution.

Commercialization B The flow of this study is shown in the following.

a. Assuming ADR mission
Practical b. Arranging the functional requirements
satellite c. Picking up the technical problems which should be
l demonstrated on orbit (these are “Key technologies”)
d. Setting mission requirements for the demonstration
satellite
e. Studying feasibilities of the demonstration
satellite

Key technology

Demonstration

Fig.2 Flow of requirement
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1. Background

B Mission sequence of ADR using “"EDT" is shown in the following.
B There are 3 key technologies.

Proximity operations

(Attachment of tether end)

Approach to debris ® ) Approach
(non—cooperative rendezvous) Z T: -
v b 4 N
v \

Grasp Debrls
Orbit injection

insert the grasping device in
the PAF inside and unfold

Non-Cooperative Rendezvous m De-orbit(EDT)

Fig.3 Mission sequence of ADR using EDT
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2. Feasibility Study for EDT Demonstration Satellite

2.1 Mission requirement

B Mission requirement of this satellite is to demonstrate “De-orbit(EDT)” on
orbit.

Proximity operations

(Attachment of tether end) | De-orbit |

=

V4

Orbit injection

insert the grasping dévice in
the PAF inside and unfold :

Non-Cooperative Rendezvous m De-orbit(EDT)

Fig.4 Mission requirement for EDT demonstration satellite
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2. Feasibility Study for EDT Demonstration Satellite

2.1 Mission requirement

B Mission sequence of “De-orbit(EDT)"” is shown in the following.

- Swing will occur by gravity and Coriolis force in “3.Extend the main tether”.

- And it is difficult to simulate the swing dynamics between extendable booms,
tether and debris. => Demonstration on orbit is needed.

1.Capture 2.Primary tether 3.Main tether 4.De-orbit by EDT
- Capturing the extension extension - Ger_1e_rating thrust by
debris by - Leaving by thruster - Reacceleration by brake Emitting electron
extendable booms to avoid high tension
A A L
ADR satellite o & Velocity
i —
Primary tether | swing
T
V Extendable booms Thrust ‘
Main tether
(~km) Current “— e
<+ e-

) “— e-
Terrestrial
@ magnetism

Debris
(Upper stage of rocket)

Fig.5 Mission sequence for capture and de-orbit
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2. Feasibility Study for EDT Demonstration Satellite

2.2 Requirements

B The mission requirements of EDT demonstration satellite are shown in the
following.
- Demonstrating the EDT theory
- Measuring the swing date
- Satellite mass < 60kg

B The functional requirements for the satellite are shown in the following.
R1:Grasping Device
R2:Equipments of EDT
(ex. Tether, Electron resource, Langmuir probe)
R3:Equipments of Monitoring the tether swing

-> Satellite mass > 60kg

B [t is necessary to decrease the mass while satisfying the mission
requirements. As a result, we satisfied it as follows.

R1:Grasping Device

-> Only 1 extendable boom (5 booms @ full configuration)
R2:Equipments of EDT

-> Length of tether is 1km (5km @ full configuration)
R3:Equipments of Monitoring the swing

-> Monitoring by 1U Cubesat

© 2016 Kawasaki Heavy Industries, Ltd. All Rights Reserved
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2. Feasibility Study for EDT Demonstration Satellite

2.3 Configuration

B Satellite’s specifications and configuration are shown in the following.

Table1 Specification

Item Spec.
Mass[kgl 60
Power(BOL) [W] |62.7
Size[mm)] 600 X 600 X 800

before mission:Earth—oriented 3axis control
Mission: No—control

S-band (for communication with grand station)
UHF-band (for communication with Cubesat)
Orbit[km] 600@SSO

Attitude Control

Communication

Fig.6 Configuration(Launch)

© 2016 Kawasaki Heavy Industries, Ltd. All Rights Reserved BE Kawasaki
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2. Feasibility Study for EDT Demonstration Satellite

2.4 Mission sequence

Launch = Deploying Langmuir mmsp Deploying UHF antenna
. Amission probe ™ >
E ’ » i starts @
N h
Upper stage satellite
Deploying electron _ Extending boom

-Extending main
tether(+100m)

resource cover

Cubesat

Fig.7 Mission sequence of EDT demonstration satellite
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2. Feasibility Study for EDT Demonstration Satellite

2.5 Mission equipment

B Mission equipment are shown in the following.

Langmuir probe
-Measuring electric potential

UHF antenna Extendable boom (1axis)

Brake \

-Control speed of

tether extension
Electron resource & cover

-Emitting electron

Tether(1km

N\

Extending tether by
releasing Cubesat

| - Demonstrating the EDT theory !

| - Measuring the swing date
\ | - Satellite mass < 60kg :

Cubesat
-Measuring position and velocity by GPS
-Sending its date to the satellite by UHF

Fig.8 Mission equipment

© 2016 Kawasaki Heavy Industries, Ltd. All Rights Reserved B-E Kawasaki
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3. Feasibility Study for

Non-Cooperative Rendezvous Demonstration Satellite
3.1 Mission requirement

B Mission requirement of this satellite is to demonstrate “Non-Cooperative
Rendezvous” and “Motion estimation” on orbit.

Proximity operations
(Attachment of tether end) De—orbit

8 ]
Approach to debris ®© , Approach “ Extending
(non—cooperative rendezvous) Z _ @ m =)  ether
Motion estimation \

j ..\ GraspDebris]|

Orbit injection

insert the grasping device in
the PAF inside and unfold

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Non-Cooperative Rendezvous m )

Fig.9 Mission requirement for Non-Cooperative Rendezvous Demonstration Satellite
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3. Feasibility Study for
Non-Cooperative Rendezvous Demonstration Satellite
3.2 Configuration

B Satellite’s specifications and configuration are shown in the following.

Table2 Specification
Item Spec.
Mass[kgl 96
Power(BOL)[W] 472
Launch:620 X 770 X 664
On orbit: 620 X 3890 X 664

Before mission: Sun—oriented 3axis Control
Mission : Target—oriented 3axis Control

Size[mm]

Attitude Control

Communication S—band
64kbps(downlink)/4kbps(uplink)
Orbit[km] 600@SSO

Fig.10 Configuration(Launch)
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3. Feasibility Study for

Non-Cooperative Rendezvous Demonstration Satellite
3.2 Configuration

B Configuration on orbit are shown in the following.

SAP

Narrow visible camera

Narrow LED light — &l

Wide visible camera

IR camera

4 Wide LED light Sun sensor
Direction of Target Range finder

Fig.11 Configuration on orbit
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4. Development of KHI's micro size satellite "DRUMS"”
4.1 Mission requirement

B Mission requirement of DRUMS is to demonstrate “Capture” and “Vision-
based Navigation” on orbit.

Proximity operations

(Attachment of tether end) De—orbit

Approach to debris ®© Approach “ Extending
n—cooperative rendezvous) Z i [ =) | Tether

0 |

Motion estimation

Orbit injection

insert the grasping device in
the PAF inside and unfold

Non-Cooperative Rendezvous m

Fig.12 Mission requirement for DRUMS
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4. Development of KHI's micro size satellite "DRUMS"”
4.2 Configuration

B Satellite’s specifications and configuration are shown in the following.
B We have been developing this satellite to get the integration technology of
satellite and demonstrating ADR technology on orbit.

Table3 Specification

Item Spec.
DRUMS
Name (Debris Removal Unprecedented
Micro—Satellite)
Mass[ke] 65 Visual Sensor
Size[mm] 600 X 600 x 800
Orbitlkm]  [500(TBD)@SSO

Extendable boom

Target *

Fig.13 Configuration(Launch)
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4. Development of KHI’s micro size satellite "DRUMS"”
4.3 Mission sequence

B A mission requirement is to demonstrate the sensor system for an
approach(leaving) to a non-cooperative target and the capture system on orbit.

B DRUMS releases a small non-cooperative target and leaves from it

B After that, it start to approach and touch to the target by the
extendable boom.

a. Rele‘asing target

Non-cooperative target

DRI

b. Leaving —:Relative orbit(image)

_ c. Approach

d. Final approach

" e. Expending the boom(demo o ¢apture)

Fig.14 Mission sequence of DRUMS(1/2)

© 2016 Kawasaki Heavy Industries, Ltd. All Rights Reserved
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4. Development of KHI's micro size satellite "DRUMS"”
4.3 Mission sequence

1.Launch

Visual Sensor

Target

2.Releasing target

3.Touching target

Fig.14 Mission sequence of DRUMS(2/2)
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5. Summary

m KHI proposes ADR mission which uses Electrodynamic tether (EDT)
attached on PAF of the upper stage of rocket.

B To put ADR into practice, we should solve some technical problems
which are difficult to demonstrate on the ground.

B To commercialize ADR, these demonstration should be done with low
cost.

B We showed the results of small demonstration satellite’s design.
- EDT Demonstration Satellite
- Non-Cooperative Rendezvous Demonstration Satellite

B We showed KHI’'s micro size satellite "DRUMS"” for ADR demonstration.
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