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The authors are conducting research on a post-mission disposal (PMD) device using electrodynamic tether (EDT)
technology. This PMD device using EDT expected to have high deorbiting performance even in a high orbit by
using both the Lorentz force and atmospheric drag. However, it has technical issues in terms of miniaturization,
safety, and long-term storage in space.

This presentation provides the device concept, the concept of tether storage method, deployment system, and
electron emitter. In addition, the effect on thrust of tether width, tether length, and orbital inclination angle are
shown by numerical analysis using simple models. Finally, a concept on ALE’s next-generation satellite is
introduced as opportunity to demonstrate of this PMD device in space.
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@ Introduction ~Small/micro Satellite Business~

The production costs of satellite Improvement of small/micro satellite technology
Low cost and commoditization

200.0
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Growth of Small/Micro Satellite Business

2010 2011 2012 2013 2014 2015
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EBhttp://www8.cao.go.jp/space/comittee/27-sangyou/sangyou-dai2/siryoul-1.pdf

“ https://hbol.jo/139420/top3
Consternation plan using micro-satellites
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@ Introduction ~Space Debris~

Non-Mitigation Projection (averages and 1-o from 100 MC runs)

ineq o Mitgation Projection The growth of Micro-satellite Business

 eon | o and Concept of Micro-satellite Mega
‘%_ o000 ~——GEO (35,586-35,986 km alt) 4 Constellatlon plan
B Iyl
£ Il /
£ //" - Concern about mass production of space
5 s i 1 g @jjﬁjl.f/ | debris from the post mission satellites
10000 f‘"’" — p—— —
o Lt . U
SO Year w20 | The needs for development of Space Debris
The Near-Earth Orbital Debris Problem and the Challenges for Environment .
Remediation prevention technology
J.-C. Liou, PhD, https://ntrs.nasa.gov/search.jsp2R=20120012893
\\‘\ Space Debris is “Environment issues” in the future.
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The Significance and Research Purpose of
PMD Device for Micro Satellite

= Concern about increased debris due to the launching of a large number
of micro-satellites
HBNBFEDITS EIFILKICKDT T UBIORKR

® Needs for development of Post Mission Disposal (PMD) technology for
micro satellite

B/\BYEERPMDEARFRED - —X

echnical issues: Down sizing, Safety, and Long-term storage in space,,,
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- Feasibility Study on the PMD device
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l * Proposal of concept of PMD device using EDT Technology

F O RTE * Supports re-entry of satellite by Atmospheric

drag and the Lorentz force
* Post Mission Disposal (PMD) Device
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€ Concept of the PMD device
)

~

Size @ Xy X y5 X zy [mm]
Weight : My [kg]

Start at N years later(After the mission)
\_ Complete Deorbit in D days Y.

Simple system and
Using Tape Type Tether
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€ Concept of the PMD device
~Tape Tether and Folding Concept~

=77 LGOI IR R
/ _ Tether materials : ALPET
Aluminum

ZSmM (polyester film and aluminum,
/ sandwich structure)
e = Tickness:45pum

polyester film  Density:2.4g/m (w25mm)

\| /
Folding concept Surror}gﬁFgldlng
Single type Folding  Cross Shift Folding PAF =
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€ Concept of the PMD device
~Deployment System Plan~

* Deployment system has clamps and
metal wire which holds an end-mass

* Releasing an end-mass by Pin-Puller.

+ Give initial velocity by Spring force.

Pin-Puller Metal wire

Micro gravity Experiment
(MOVIE:@2008)

\N\
Please see the poster for details(P-11) @
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EDT System and Electron Emitter

= Simple system is important for PMD

» “Bare tether” and “Field emission cathode (FEC)” might
be simplest combination for forming EDT system

= Flight proven cathode technology for KITE 1s applicable

| Gate Frame
Satellite Electens Insulator
Field emission
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@ The effect on performance of various parameters

= The effect on performance of tether width, and orbital
inclination angle are shown by numerical analysis

OAnalysis parameter

» Klectron collection model Tether length[m]:900

2D-OML theory Tether width[mm]:25,50,100
1 Tether thickness[pm]:45
. en, ( 2ed(x) |? Tether material : ALPET102510
Jop—om (%) = 7 T
. ‘ Weight of mother satellite[kg]:70
H(xX) =V, x—T, IO J, (x)dx Weight of end-mass[kg]:4

Size of mother satellitelcm]:60x60x 80
lasma model : IRI2016

Geomagnetic field : IGRF-12 (10X10) || Current upper limit [mAl:40
- Atmosphere model : NRLMSISE-00 Number of point mass:40

\ Orbital inclination angle [deg]:0,50,98.4
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@ The effect on performance of various parameters

® Plasma density and geomagnetic field(out-of-plane)
Orbital inclination angle 98.4°  Altitude 800km
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l ( ?:il;%“llﬂ i Plasma density and geomagnetic field are periodically fluctuating @
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@ The effect on performance of various parameters
= Time fluctuation of thrust

(Orbital inclination angle 98.4°  Altitude 800km  Tether length 900m)
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@ The effect on performance of various parameters
= The effect on thrust of tether width

(Orbital inclination angle 98.4°  Tether length 900m)
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@ The effect on performance of various parameters
= The effect on thrust of tether width

(Orbital inclination angle 98.4°  Tether length 900m)
g g

2k Other types of tethers such as wide and short are currently under consideration
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@ The effect on performance of various parameters

= The effect on deorbit time of Orbital inclination angle
(Tether width 25mm  Tether length 900m)
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ALE’s next-generation satellite
ALE A

One of the demonstration experiment candidates in space

Size and weight
size W¢908xD783xH1000
weight 100kg

Attitude determination and 3-axis stabilization
control method

Sensors Star sensor(x2), IMU(3x3axes) ©ALE
Earth sensor(x2)
Magnetometer(2x3-axes)
GPS receiver(x2)
Sun sensors(x4)

Actuators Reaction wheels(x4)
Magnetic forquers(3axes)
Release system High pressure gas system
3000 particles
Thruster TBD
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€ Conclusions

= Proposed the PMD device for micro-satellite using EDT
/BB EmTDOEDTZFIA UTZPMDT /) \1 R ZRE LT,
= Feasibility Study on technologies about the PMD device is started

(deployment system and folding storage method)
RS, 10 BHINER EBRBAOVIIIRES &Mt LTz,

= Examined the effect on performance of tether width and orbital
inclination angle.
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