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Concept studies of an upper stage monitoring system and a small-sized ADR satellite
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This presentation describes the results of concept studies on an upper stage monitoring system which acquires
and downlinks data related with the attitude, the rotation rate etc. of an upper stage in orbit around the Earth as
space debris. The feasibility of a small-sized ADR satellite, which accesses, captures and deorbits space debris,
is also discussed.

The conclusion of this report is that Mitsubishi Heavy Industries, LTD(MHI) will make a continuous effort to
mitigate space debris, with our technological heritage of designing, manufacturing and operating space
systems such as the H2A/H2B launch vehicles, the H-II Transfer Vehicle (HTV), and small-sized satellites.

This document is provided by JAXA.
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Essence of this presentation ,{'UE\';?:??S

(1) JAXA continues to study technologies for space debris
monitoring and removal.

(2) MHI has also interest in improving the situation where the number of
space debris has increased. MHI studies system and related
technologies for removing space debris.

(3) JAXA and MHI study the idea that an upper stage monitoring
system and a small-sized ADR satellite are effective means
against space debris.

(4) MHI will make a continuous effort to mitigate space debris, with
our technological heritage of designing, manufacturing and
operating space systems such as H2A/H2B launch vehicles, H-II

Transfer Vehicle(HTV). *)ADR: Active Debris Removal

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 2

This document is provided by JAXA.



BT [AR=AFTYT—ray 7| HHEEE 223

. NUW 103335
1. Introduction KR=F 7 --un

Target debris
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[Reference] J.-C.Liou, NASA 2010 maSS-prOdUCtion and operation
Removing large-sized debris, such as upper of ADR satellite for the future mission.
stages of launch vehicles, is considered as
a valid way of reducing the number. ="Low-cost, small-sized ADR satellite”

This presentation introduces the results of conceptual studies on
“Upper stage monitoring system” and “Low-cost, small-sized ADR satellite”.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 3

2. Upper stage monitoring system ,5“52‘3:?3135

Upper stage monitoring system Feedback to guidance and control logic
and capturing mechanism
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2. Upper stage monitoring system A=EET
Requirement
ltem Contents
Target H2A 2 stage after completing orbit injection of satellites.
Monitoring (first prlorlty) . attitude, rotating rate o
(second priority) surface temperature distribution,
Parameters

electric potential on the surface, impact scar of space debris

Monitoring Period 2 months+

Policy of study
Applying heritage products to the system wherever possible.
Contents

(1) System configuration and main functions
(2)Sizing and installation of components

(3) Telemetry, tracking and command subsystem
(4)Power subsystem

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 5

2. Upper stage monitoring system ,5“52‘3:?3135

(1) System configuration and main functions

Telemetry, Tracking and Command Data Handling ! Mission Hardware

Structure

‘ Bracket Software

‘ Fastener ‘ ‘ Antenna Mechanism
‘ Solar Panel Mechanism F
T
T
. 1 } ;
Instrumentation Power i Thermal Control :
‘ Harness. ‘ ‘ Secondary Battery r» ‘ T-Sensor

Power

Solar Panel Conte! : E

ML

The battery life of the rocket is up to a few hours. It doesn’t satisfy the requirement.
=policy: small-sized satellite with TTC, Power and DH installed on the rocket.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 6
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2. Upper stage monitoring system

(2) Sizing and installation of components
Configuration (enveloped in the fairing)

Configuration
(in operation)

Configuration
(in operation)

+Y ‘%
+Z

500mm
<>

Separation
panel

/A N /// ™ Payload
i V Adapter

This solution satisfies the requirement “ total mass: up to 50kg”.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 7

2. Upper stage monitoring system ,3“52?:?3135

(3) Telemetry, tracking and command subsystem

Without GNC, the system can’t direct the antennas to the ground-base station.

I Direction of antennas

Real-time data

Recorded data

time

Only when the line is
connected

1/10Hz acquisition rate of real-time data, 1/60Hz of recorded data,
*TTC subsystem can send data of more than 1000sec duration per sec.
-HDD can hold data of more than 1 month duration.

Ground-based
station

Policy: Increasing the chance to receive data on the ground-based station
by both real-time data downlink and recorded data downlink

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 8
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2. Upper stage monitoring system

(4)Power subsystem

Without GNC, the system can’t direct the solar array panels to the sun.

Payload adapter

s '_-‘ ™

SN\

The Earth
Orbit Plane

Sl X \| Solar array panel I the sun
el sunlight

Avionic Equipment Panel Direction of solar panel
KASPER(*) | Solar array panel | \
Gas jet tank Gas jet tank
| Solar array panel He bottle (*)KASPER:Konotori Integrated Tether Experiment

The system has feasibility of generating enough power with additional solar array
panels on the avionic equipment panel and the payload adapter.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 9
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3. Small-sized ADR satellite A=EET
Small-sized ADR satellite Early technological demonstration
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Separation from

Low cost of design, manufacture

the rocket
Approach to r{‘ﬂ* “
targeted debris —
o )
Demonstration Capture \

on small-sized ADR satellite

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 10
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3. Small-sized ADR satellite Pl
Requirement
ltem Contents
Rocket, Orbit H2A launch vehicle(TBD), Sun Synchronous Orbit(SSO)
Total Mass Up to 150kg

Demonstration of approaching and attaching an propulsion
Mission Payload system to a non-cooperative target, Demonstration of
electrodynamic tether

Policy of study
Applying heritage products to the system wherever possible.

Contents
(1) System configuration and main functions
(2) Evaluating H-11A’s capacity
(3) Visibility evaluation for TTC
(4) Extension boom control
*)TTC: Telemetry, Tracking and Command

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 1

3. Small-sized ADR satellite Py

(1) System configuration and main functions
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Capture

This solution satisfies the requirement “ total mass: up to 150kg”.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 12
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3. Small-sized ADR satellite A=EET
(2) Evaluating H-lIA’s capacity of satellites
Configuration in launch vehicle
Configuration in operation 4 satellites enveloped in payload fairing
The satellite can be enveloped in H-1l1A’'s payload fairing.
© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 13

3. Small-sized ADR satellite Py

(3) Visibility evaluation for TTC

=% — REEL —~ KIBIEMA ~ WEIEH ~—————————— 25 MERA

_—

Gl = |i> ’ |:> " |:> B Visible Period
Distance (Emzaumsm_)\100km 1.2Km 200msom =9 during the Approaching phase
Navigatlion B L angie oty L V-oar hopping ——I—L Visibility period of
—— Initial Approaching Visibility period of a ground-based station
Phase Proximity Operation / a data relay satellite (about 10 min.ga.)
Deorbit (about 4 hrs)

Operation Flow

SN IVIYIN

10hr 10hr

Visibility: 1 ground-based station + 1 data relay satellite (DRTS etc.)
=This solution doesn’t consist with the policy “low-cost system”.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 14
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3. Small-sized ADR satellite A=mET

(3) Extension boom control

| Approach (~2m)

b

Stop and keep an appropriate
distance from the debris
" (50cm(TBD)SL A

‘ R e L o
. - 4 ‘?'

| Extension boom control ‘

b

‘ Attach the removal device |

To avoid interference between attitude control and extension boom control...
- First: stop and keep an appropriate distance from the debris.
- Second: extension boom control.

© 2016 MITSUBISHI HEAVY INDUSTRIES, LTD. All Rights Reserved. 15
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(1) JAXA continues to study technologies for space debris
monitoring and removal.

(2) MHI has also interest in improving the situation where the number of
space debris has increased. MHI studies system and related
technologies for removing space debris.

(3) JAXA and MHI study the idea that an upper stage monitoring
system and a small-sized ADR satellite are effective means
against space debris.

(4) MHI will make a continuous effort to mitigate space debris, with
our technological heritage of designing, manufacturing and
operating space systems such as H2A/H2B launch vehicles, H-II

Transfer Vehicle(HTV). *)ADR: Active Debris Removal
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