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HTV Development Status for ElectroDynamic Tether Experiments
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The H-II Transfer Vehicle (HTV) is Japan’s unmanned cargo transfer spacecraft that delivers cargo/supplies,
and HTV1 through HTV4 completed the mission successfully. Based on the flight experiences, a on-orbit
platform function is developed to provide the demonstration chance to users from HTV4. Currently,
ElectroDynamic Tether (EDT) technique is planned to be demonstrated in HTV6, which is a promising
candidate of debris removal device. The number of its instruments is as many as ten, and then the platform
function has to be extended. The presentation shows its developement status, including the interface test plan
and a part of results with experimental instruments.

This document is provided by JAXA.



248 FHIMLZEWTTEBR TR R L JAXA-SP-14-013

g ;__7 FH— =

HTV Devel | ‘ amic

OFus N FH

] AN B KIZS

ODaisuke Tsujita, Toru K \
}é : 4 "w.; D)

Satomi Kawa _

caer il =

- H\-._ -
Ry TG

1. Purpose w

® The H-II Transfer Vehicle (HTV) is Japan’s unmanned cargo
transfer spacecraft that delivers cargo/supplies, and HTV1
through HTV4 completed the mission successfully.

® Based on the flight experiences, a on-orbit platform function is
developed to provide the demonstration chance to users from
HTVA4.

® Currently, ElectroDynamic Tether (EDT) technique is planned
to be demonstrated in HTV6, which is a promising candidate of
debris removal device. The number of its instruments is as
many as ten, and then the platform function has to be extended.

® The presentation shows its development status, including the
interface test plan and a part of results with experimental
instruments.
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What’s HI'V?

¢ Logistic Supply and Waste Disposal Vehicle for the ISS

4 Mission Summary of HTV
HTV-1: Sep. 11 to Nov. 2, 2009 (Demonstration Flight)
HTV-2: Jan. 22 to Mar. 30, 2011 (15t Operational Flight)
HTV-3: July. 21 to Sep. 14, 2012
HTV-4: Aug. 4, 2013 to Sep. 7, 2013
HTV-5to -7: Planed in 2015 to 2017
@ Almost yearly launch can be expected ... Good mother spacecraft for demo mission!

2. HTV Overview —Configuration—

HTYV Characteristics
1 1
i PLC ULC AM PM ! Dimensions | Length: 9.2 m
I Pressurized Unpressurized Avionics Propulsion ! .
| Module ' Diameter : 4.4 m
1 1
1

Total mass 16.5 ton
full loaded

Launch H-IIB launch
i Vehicle Vehicle

Target orbit | Altitude:
350km~460km

Inclination: 51.6deg

1 1
1 1
1 1
Logistic Carrier : Logistic Carrier : Module
1 1
1 1
1 1

Cargo 6 ton in total
capability

Press. Up to 5.2 ton

Un-press. | Upto 1.5 ton

Forward RCS Thrustens Propulsion Four 500N main
system engine

Twenty eight 120N
RCS thrusters

This document is provided by JAXA.
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2. HTV Overview —Operation—
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Fig. HTV Operation

3. On-orbit platform

HTYV has prepared a new platform from HTV4, where some existing spare electrical and
communication channels are provided, and a special seat is developed to provide

The platform to be in
replacement of a SAP

Special Seat

&3 Fig. Platform position

Tﬁble: Platform Interface

Content

Electrical IF 50V power supply, On/Off commands, some analog telemetries
Mechanical IF Mounting on the special seat

Thermal IF Isolated thermally from the HTV structure

Mass Less than approx. Skg

Comm with Ground Communication with HTV Operation Control System via HTV. 6

This document is provided by JAXA.
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3. On-orbit platform

® An clectrometer was installed on the platform in HTV4. It has the
functionality of measuring the potential of HTV against space plasma in the
range from -200V to +200V.

® The platform will be used by a similar instrument in HTVS.

fasners
.

HTV IF
Connector ——"

TREK-3G ~

Probe Body

b] (/ 4 Fig. The electrometer overview !

4. ElectroDynamic Tether (EDT)
experiments plan

[Candidate for HTV6]

As larger scale experiments, EDT

experiments, are planned in the extended End-mass Q Electron

platform on HTV6. @ i
\ /@ collection

[What is EDT] Y ad

Electric - -
-

An electrodynamic tether is a promising Flight current(/) )

candidate of deorbit propulsion for future directi b

) . irection ____ .z A4 o _______
active debris removal systems because of """ Pie — ===
its simplicity, high efficiency, easy il =y Drag force
attachment to debris, and no need of thrust ~ _~ DY LoOrenz force
vectoring. Since the electrodynamic tether £~ (I1xB)
utilizes Lorenz force by interaction Geomagnetic End
between current on tether and the field (B) na-mass
geomagnetic field to generate deorbiting / I \
force, the propulsion system needs neither @ o @ Elep tr(?n
propellant nor high electrical power in emission
principle

P Farth

Fig. The EDT Principle
bl : e

This document is provided by JAXA.
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4. ElectroDynamic Tether (EDT)
experiments plan #*4
[Configuration]

The endmass is ejected from the HTV to deploy the j} End-mass
tether whose length is approximately 700m. Tether
current is driven 10mA at the maximum by using
electron emitter on the HTV and the direction from
nadir to zenith, so that Lorenz force applies on the
opposite flight direction.

(3

o

(700m)

Current
(max 10mA)

Fig. The Experiments configuration 9

4. ElectroDynamic Tether (EDT)
<> experiments plan

[System block diagram]

The special characteristic of EDT on the HTV is that the endmass motion is monitored by
HTV Rendezvous Sensor (RVS), which is used in approaching International Space Station
(ISS). First concept said that GPS monitors the endmass position and transponder
transmits the data to the HTV. In that case, the endmass needs batteries / solar array panels
/ power control unit for the GPS and transponder, at least, which indicates very complex
system. However, HTV RVS solves the problem. Only the reflector is needed on the

endmass, so that it greatly contributes to simplifying the system.
HTV

Electrometer/

Electrostatic probe

Magnet
Sensor
[
End-mass Hold&

Release Mech | L] DHU/ | +» COM/DH
reel Tether PCU ... POWER
mech

Tether Sep

Reflector Mech
AN I Ele Emitter Cont l
Meas,, | RVS e
re Emitt
er 8
EDT Instruments

Fig. System block diagram 0

This document is provided by JAXA.



253

B6 I [AR—2FTVT—rvayT | R

4. ElectroDynamic Tether (EDT)
experiments plan

[Mission Profile]
operation until re-entry, by prioritizing the HTV mission objective.

The mission timing is planned for approximately 7 days from the end of integrated
Conduct EDT Demo at Parking Orbit (for 1 week)

20 km or MORE,

Removed tether
not to reenter to AE

A

Parking orbit

altitude

140 ~ 150
Cut tether before DeOrbit Maneuver 1 (DOM1)
DSM1/DSM2: Descending Maneuver
DOM1/2/3: Deorbit Maneuver
11

Reentry orbit

Reentry interface point -
South latitude: 40deg,
Altitude: 120km

/1.

L3
5. HTV development plan for the experimen
UPLC Controller-A TeleCommand ™ot er Cutting Mech-A_ |
TeleCommand j -
UPLC Controller-B 1 Tether Cutting Mech-B I
CMR/MAGS Endmass Hold & Rls Mech J{-{ E"¢"
Y mass
UPLC Power TeleCommand :,'
| DHU.~PCU i
Power| [Tele :
ON/OFF ON/OFF Command i
Command | |Status ( Power ) ; ,,Track
Serial > Power
omm Unit
| RVS-A |/
Avionics H1 I I DH 2 I !
Module Modified ]
s N | RVS-B
cesbs [ cesbs | oo |
CompA I CompB | command| | Telemetry
——————— 4
TTT T \4
Propulsion LP-POM Power | FECC/FECG/FECH |
Module
@) Extended
parts
(/4 [ e
KITE Comp
This document is provided by JAXA.
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UPLC provides the new installation area as the extended platform.

[ Data Handling Unit(DHU)/PCU ] [End -mass Hold & Release Mech(EHR J

Fig. UPLC Overview

i‘ffj } 5. HTV development plan for the experimen

PM provides a additional installation area as the extended platform, such as FEC
module position.
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Field Emission Langmuir Probe
Controller Module POtential-Meter
(FEC module) (LP-POM) Remark)MLI is not shown

b’” Fig. HTV development plan overview 1
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*Basically, End to End tests are planned between EDT experiments instruments
and HTV until the launch.

*The below figure shows the HTV test plan for installing the instruments.

* The instruments interfaced directly to HTV are planned to have IF test before
shipping to the launch site.

Transport/Storage I» Launch Site Operation

i i H P58 20 7 W I R
| PLC ]D Il -uLcc(Em)~Tem T re——— ; y | SEmawmmms-saRTy
ww (EM) IF test : Finished || BEEEE Wt

- ULCC(PFM)~ — :
UPLC TCM(PFM) IF test : 2l

Around spring in 2015. !

* Functional test for I EmEEnoREERE I ‘ '
[ AM == the Instruments on ! ! ;
—_ ; ; ;

UPLC : Around spring 0 i !
[ PM [ a 2015 ! 1 T | | 5
‘ | H

- AM(EM)~ DHU/PCU I m
(EM) IF test : Finished || j Instruments on UPLC
|

Functional test
for Instruments
on Assembled

HTV

*AM(EM) ~LP-POM ~AM&PM I[F test
IF test : Around

spring in 2015. Instruments on PM
- FEC Module
" - LP-POM
O —

Function test

15

¥

HTV6 UPLC picture

b/” HTV6 PM pictures 16
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@ 6. Summary
olig

® The presentation shows HTV development status for
ElectroDynamic Tether Experiments.
* The extended platform on HTV is being
manufactured for EDT experiments.
* Some interface tests has been done and are
planned.
® We would like to execute the plan steadily and
provide the flight chance and, finally contribute
solving the space debris problem.

17
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