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Introduction

University Space Engineering Consortium (UNISEC) has compiled a report on the current state of
"Japanese University Micro/Nano/Pico-satellite Projects” in July 2011. The latest version of report
has also been made available on the Internet at the UNISEC web site.

http://www.unisec.jp/member/jusat-e.html

In response to requests, the UNISEC continues this activity and will publish a revised and updated

edition of the above report in the future.

We hope this report can support professionals and students who are interested in Space Engineering

Education in Japanese Universities.

Comments, queries and information with respect to this report are most welcome.

4 ': University Space Engineering Consortium (UNISEC)
O Central Yayoi 2F
A (' 4

2-3-2 Yayoi, Bunkyo-ku
Tokyo 113-0032, Japan
Fax/Tel: +81-3-5800-6645

E-mail: einfo@unisec.jp

UNISEC

University Space Engineerir

This publication has not been formally edited.



http://www.unisec.jp/member/jusat-e.html
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Report on Japanese University

Micro/Nano/Pico-satellite Projects






University/ N .
] OKUYAMA Lab., Aichi University of Technology
Organizer
Supervisor Keiichi OKUYAMA, Ph.D., Professor
Contact Tel:+81-533-68-1135 Email: okuyama -kei@aut.ac.jp
URL http://www1.aut.ac.jp/~okuyama -lab/index.html

o 1x Overview and Science Highlights of the project

1 Structural system of UNITEC -1, Design and manufacturing

2 Structural material of the BHODOYOSHI Gsatellite , Research and development

(Implementing)

3 A satellite which proves thatitis  possible to use an advanced structural material

in the space (Planning)

o 2x Achievements in Space Engineering Education through CanSat Activities (or Plan)

1 Rover type robot which adopted an autonomous control , ARLISS2007 to ARLISS2008

2 Rover type robot which adopted an autonomous control , ARLISS2011

(Implementing)



http://www1.aut.ac.jp/~okuyama-lab/index.html

o 3x Papers

In from 2009 to 2011, several papers which were released in international societ ies

shows below.

V  Shunsuke ONISHI, Keiichi OKUYAMA, Structural Design of UNITEC -1,
ISTS2009-c-26, International Symposium on Space Technology and Science
Tsukuba Japan July 5-12 2009

V  Toshiyuki SUZUKI, Kazuhisa FUJITA, Takeharu SAKAI, Kei -ichi OKUYAMA,
Sumio KATO and Seiji NISHIO, Evaluation of Prediction Accuracy of Thermal
Response of Ablator Under Arcjet Flow Condisions, AIAA2010 -4787, 10th
AIAA/ASME Joint Thermophysics and Heat Transfer Conference, Chicago, lllinois,

28 June - 1 July 2010

V  Keiichi Okuyama, Teruhiko Kanada, Sumio Kato, Takeharu Sakai, Toshiyuki
Suzuki, Kazuhisa Fujita and Seiji Nishio, Thermochemical and Thermomechanical
Characteristics of an Ultra Lightweight CFRP under High Temperature
Environments, 2011 -c-15, International Symposium on Space Technology and
Science Okinawa Japan June 5-10 2011

V  Takeharu Sakai, Takahiro Inoue, Mitsunobu Kuribayashi, Keiichi Okuyama,
Toshiyuki Suzuki, Kazuhisa Fujita, Sumio Kato and Seiji Nishio, Post -Test Sample
Analysis of Low Density Ablators Using Arcjet, 2011  -e-40, Internation al Symposium
on Space Technology and Science Okinawa Japan June 5-10 2011

V  Toshiyuki Suzuki, Kazuhisa Fujita, Takeharu Sakai, Kei -ichi Okuyama, Sumio
Kato and Seiji Nishio, Thermal Response Analysis of Low Density CFRP Ablator,
2011-e-41, International Sym posium on Space Technology and Science Okinawa
Japan June 5-10 2011




o 4x Recent overseas researchers who collaborated with us (for a short period )

1. A research concerning a heat shield material which can be used for several spacecraft
which can enter the atmosphere of our Earth, Deutsches Zentrum fur Luft - und
Raumfahrt e. V. (DLR) , German, From 2011 (C ontinue)

At present, our university is preparing  an opportunity of the R&D of several students
who belongs to several foreign universit ies.
These Students will be registered as students at our university can attend lectures,
seminars, tutorials and researches concerning the space development.

(Planning)

o 5x Important mention

n/a







University/ ] .
Hokkaido Institute of Technology

Organizer

Supervisor | Shin Satori, Professor

Contact Tel:+81-11-688-2317 Email: satori@hit.ac.jp
URL HIT -SAT Project: http://www.hit.ac.jp/~satori/hitsat/

Hokkaido SAT Project: http://www.hokkaido -sat.jp/

o 1x Overview and Science Highlights of the projects

1. HIT-SAT Project
HIT -SAT is the first nano -satellte made in Hokkaido, which was developed by
graduate students, researchers and volunteer s in Hokkaido. HIT -SAT was launched at

September 23th from Uchinoura launch site as a sub  -payload of M -V-7#.

EIR=—NT TS
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Specifications of HIT-SAT
weight 2.7 [kel
size 12x13x12 [cm3]
power 2.0 [W]
orbit sun—-synchronous, 277-633km
attitude control spin_stabilization, 3—axis MTQ
communication Tx: 430 [MHz]
system Rx: 145 [MHz]



http://www.hit.ac.jp/~satori/hitsat/
http://www.hokkaido-sat.jp/
http://www.hit.ac.jp/~satori/hitsat/project/img/full/hitsatss

2. HyperSpectral Camera HSC -llI

Hyperspectral sensor acquires more spectral information from objects with a high
spectral resolution compared with multispectral sensors. It enables to distinguish a
targeted object with a high accuracy and give us lots of important information.

Satori la boratory have studied and developed the visible and near infrared range VNIR

hyperspectral sensor for nano -satellites since 2003.

Fig.1 Image of Hyperspectral data F ig.2 Space borne Hyperspectral Camera HSC -IlI

Table 1. Specifications Hyperspectral Camera HSC -l

Item Performance
Imaging type Push bloom
Ground Sampling distance 15m
Spatial effective resolution 50m ~ 60m
Swath width 15km
Wavelength range 450-1000nm
Spectral sampling interval 5nm (Average)
Frame rate 500Hz
Dynamic range 10bit
Telescope aperture 15cm
Mass memory 32GByte
Instrument mass 10 kg
Electrical interface Space Wire
Nominal altitude 620km




o 2x Achievements in Space Engineering Education through CanSat Activities (or Plan)

CanSats have been fabricated by undergraduate students as space engineering skill up
education in Hokkaido Institute of Technology. These CanSats were launched 2 -3 times
per year by Camui Hybrid Rocket which was developed by Prof. Nagata of Hokkaido

University.

Fig. CanSat dHachi-go-kan 6was launched by Camui Hybrid Rocket at 11 th Dec. 2010

Fig. CAMUI HYBRID ROCKET and students & staffs




o 3x Papers

O

O

O

O Journal Publications

N Tatshiro Sato, Ryuichi Mitsuhasi, Shin  Satori and Masami Sasaki,
OAttitude Determination Method for Nano -satellte HIT -SAT Using
Received Power® Fluctuation ¢ IEEJ Trans.EIS.Vol.129, No.6, 2009.
nYoshi hide Aoyanagi, Shin Satori , YU §
On-orbit Calibration Equipmen t for smal | Hy per ghp
International Symposium on Space Technology and Science, 2009

N Shin Satori, GApplication of hyperspectral technology and its technological
trend ¢, Journal of the Japanese Society of Agricultural Machinery, 2008.

N Shin Satori, dHokkaido Satellite Project: Agricultural Remote Sensing
Satellite TAIKI ¢ Japan Society of Photogrammetry and Remote Sensing,
2006.

N Shin Satori, dMHokkaido Satellite Project and Vision of Hyperspectral
Technolpgy 6, Japan Society of Photogramm etry and Remote Sensing, 2005
Contributions (in Japanese)

N Shin Satori, oThe World First Freshness Sensor for Leaf Vegetables §
STAFF News, Aug. 2006.

Books

N Shin Satori, dNew Trend of Inspection for Agricultural Products and
Food G Chap.9 pp.64-74: dFreshness Measurement of Food by Means of
Hyperspectral Camera ¢, CMC Corp. Ltd. Publication, 2010.

Dissertations

N Yoshihiro Ueyama, dDevelopment of Mission Data Handling Unit (MDHU)

for Space Borne Hyperspectral Camera HSC -l using Field Programable
Gate Array (FPGA) ¢ 2010.

N Ryosuke Tanaka and Yusuke Kurokawa, dPreliminary Study of Object
Determination Method Using  Hyperspectral Technology under Car
Driving Environment g 2009.

N Shinya Nishizato, 0Research and Development of Data Handling Unit

for Spaceborne Hyperspectral Sensor ¢ 2008.

-10 -



O Master's thesis
i Yoshihide Aoyanagi, d.aboratory Study of Hyperspectral Sensor Calibration
Method on Orbit ¢ 2008.
N Tsutomu Ohno, dColor Measurement Using Hyperspectral Camera ¢ 2008.
O Doctor & thesis
N Tomohiro Ishikawa, 0Attitude Control of Nano -satellite by means of Image
Processing6, 2003

o 4x Recent overseas researchers who collaborated with us (for a short period )

n/a

o Bx Important mention

n/a

-11 -
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University/ . ] . . .
Nohmi Laboratory, Faculty of Engineering, Kagawa University

Organizer

Supervisor | Masahiro Nohmi, Associate Professor

Contact Tel:+81-87-864-2000 Email: nohmi@eng.kagawa-u.ac.jp
URL http://stars1.eng.kagawa -u.ac.jp/english/index.html

1x Overview and Science Highlights of the project

KUKAI was successfully launched on January 23, 2009 by the H  -lIA rocket of JAXA
(Japan Aerospace Exploration Agency) with
orbit is sun synchronous (Altitude: 666km, Inclination: 98deg). Main characteristics of
KUKAI are: (i) it is two satellites system, mother and daughter; (ii) it becomes a 5m
tethered system on orbit at the maximum; (iii) the daughter satellite is a tethered

space robot, whose attitude can be controlled by its own arm link motion. The mother
satellite has tether deployment and tension control systems, and it deploys the
daughter satellite and retrieves it. The daughter satellite is a tethered space robot, and

it has one arm link att ached to the end of the tether.

Mother satellite Mass: 4.2 kg,
Scale: 160 x 160 x 253 mm,
(without solar paddles and cone),
Daughter satellite Mass: 3.8 kg,
Scale: 160 x 160 x 158 mm,

(without solar paddles and arm link).

-13-


http://stars1.eng.kagawa-u.ac.jp/english/index.html

o 2x Achievements in Space Engineering Education through CanSat Activities (or Plan)

In our project, students develop CanSat for learning techniques and procedure of satellite
development.

They attended ARLISS in 2005 (350ml*1), 2006 (350mI*1, Open Class*1), 2007 (350ml*1
Open Class*1), and 2009 (350ml*1). Most of them have GPS, CPU, and servomotor, for
comeback competition, and a transmitt er of GPS data. Open Class CanSats have sensors:
gyro, acceleration, magnet, etc.

Also, we have Kagawa CanSat Festival every year. In the past Kagawa CanSat,
participants were mainly students who will attend ARLISS, and also class students in

regular curri culum, and other universities in the west JAPAN.

-14 -



o 3x Papers

O Journal Publications
M. Nohmi, "Space Verification Experoment for A Tethered Space Robot," Transactions of the Japan Society for Aeronautical and
Space Sciences (JSASS), ISTS 2011-d-32, June 8 (5-12), 2011.
Masahiro Nohmi, Takeshi Yamamoto, Osamu Itose, Jun Saitou, "Rocket Separation Mechanism for Pico Mother and Daughter
satellite "KUKAI"," Journal of System Design and Dynamics, Vol. 4, No. 6, Special Issue on D&D2009, pp. 984-995, 2010.
Masahiro NOHMI, “Microgravity Experiment for Attitude Control of A Tethered body by Arm Link Motion,” Motion Control edited
by Federico Casolo, INTECH, ISBN 978-953-7619-65-8, 265-276, January 2010.
Masahiro NOHMI, Takeshi YAMAMOTO, Akira ANDATSU, Youhei TAKAGI, Yuusuke NISHIKAWA, Takashi KANEKO, Daisuke
KUNITOMI, “Kagawa Satellite “STARS” in Shikoku,” Transactions of the Japan Society for Aeronautical and Space Sciences,
Aerospace Technology Japan, Vol. 7, No. ists26, pp. Tu_7-Tu_12, October 2009.
O International Conference
M. Nohmi, J. Tanikawa, T. Hosoda, “Simulation Analysis of a Tethered Space Robot for Space Experiment on Sounding Rocket by
JAXA/ISAS,” IEEE International Conference on Mechatoronics and Automation, #186, Xian, China, August 5 (5-7), 2010.
Masahiro Nohmi, Katsumi Oi, Satoshi Takuma, Masaaki Ogawa, “Solar Paddle Antenna Mounted on Pico-Satellite“KUKAI"for
Amateur Radio Communication,” Paper# 30048, The Second International Conference on Advances in Satellite and Space
Communications, Athens/Glyfada, Greece, June 14 (13-19), 2010.
Masahiro Nohmi, “Initial Experimental Result of Pico-Satellite KUKAI on Orbit,” ID:923981 (TA1-9: Space and Aerial Systems) ,
IEEE International Conference on Mechatoronics and Automation, Changchun, China, (E#, H[E), August 11 (9-12), 2009.
Masahiro Nohmi, “Mission Design of a Tethered Robot Satellite STARS for Orbital Experiment,” IEEE Conference on Control
Application (Control Systems Society), ThC4.4, Aerospace Applications ThC4.4, St. Petersburg, Russia, July 9 (8-10), 2009.
M. Nohmi, "Space Verification Experoment for A Tethered Space Robot," Twentieth International Symposium on Space Technology
and Science, Paper Number : ISTS 2011-d-32, Okinawa, Japan, June 8 (5-12), 2011.
Masahiro Nohmi, “Mission Design for Pico-Satellite “Space Tethered Autonomous Robotic Satellite II,” Paper#B4.6B.,
International Astronautical Congress, Prague, Czech Republic, September 30, September 27 - October 1, 2010.

T Masahiro Nohmi, “Orbital Experiment Report of Pico-Satellite KUKAI,” International symposium on Artificial Intelligence,
Robotics and Automation in Space, Poster #P01, Sapporo, Japan, August 29 - September 1, 2010.
Masahiro Nohmi, “Mother-Daughter Satellite STARS for Short Tether Deploying Experiment,” S-11-05, 4th Asian Space
Conference 2008, Taipei, Taiwan, 1-3 October, 2008.
M. Nohmi, et. Al, “Kagawa Satellite “STARS” in Shikoku,” Paper No. 2008-u-16, 26th International Symposium on Space
Technology and Science 2008, Hamamatsu, Japan, June 1-8, 2008.
M. Nohmi, T. Yamamoto, and A. Andatsu, “Technical Verification Satellite “STARS” for Tethered Space Robot,” 9th International
symposium on Artificial Intelligence, Robotics and Automation in Space, Poster Session, Paper# 3, Universal City Hilton Hotel, Los

Angels, U.S.A., February 25-29, 2008.

-15-



o 4x Recent overseas researchers who collaborated with us (for a short period )

n/a

o 5x Important mention

n/a
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University/ . . .

] Center for Nanosatellite Testing, Kyushu Institute of Technolog vy
Organizer
Supervisor Mengu Cho, Professor
Contact Tel:+81-93-884-3228 Email:cho@ele.kyutech.ac.jp
URL http://cent.ele.kyutech.ac.jp

o 1x Overview and Science Highlights of the project

Kyushu Institute of Technology established Center for Nanosatellite Testing (CeNT) in the
campus on July 7, 2010. CeNT is made of specialtestifacilities, such as thermal vacuun
vibration, outgass measurements, mechanical shbekmaoptical measurementghermal cycle,
thermal shock, antenna pattecapabé of space environmental tefts nanosatellite up to 50 cm i
length and a massf 50kg. To verify operation in the extremspaceenvironment, varioug
environmental tests are required. A lack of a centralized facility for environmental testingudheas
entry into the space sectihirough nanosatellites development difficult. A ceitead environmenta
testing facility will steam line and reduce time for satellite development and maintair
traceability and consistency of the test data.

The mission of CHT is to find the optimum solution to keep the reliability of nanosatellitekew
keeping the naturefdow cost and fast delivery. G8 will also develop innovative test metho
suitable for nanosatéks. Being at a university, G will also offer students OJT trainin
opportunities through the testing and systems engineerirggtaiu in terms of system verification

CENT will serve as a OrBtopShop of nanosatellite testing to lower the barrier against entg
the space sector for companies that have been outside the community. Especiatigl fombl
business companies,eRNT will serve as a place where the companies can test their pro
immediately after they make the prototypes.

So far, CENThas carried out the testing fibre following satellites,

Kagoshima satellite [Hayato]

Venus probe satellite [Shinen](UNITED

High Voltage Technology Demonstration Satellite He2yu

Kyushu satellite QSAEOS

Kagawa University satellite STARS
Throughtesting many more satellites, L€ will accumulate the test experience and carry
academic research to improve the sdeelieliability through a better and more effective test
verification method.The strategic goal of CeNT is to establish international standard

environment testing suitable for nanosatellites to promote the wider and innovative |

nanosatellitein various space applications.

-17 -
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High Voltage Technology Demonstration Satellite, HORNU

HORYU-2 is a nanosatllite of 30cmx30cmx30cm sizgghing approximately 7kg. It will

be launched as an auxiliary payload onboard dk@cketto Sursynchronous orbit of
680km altituden fiscal year of 2011. Its main mission is to demonstrate high voltage sola
array design capable of generating powihout discharge at a voltage as high as 300V in
Low Earth Orbit. Although similar space experiments were done in the past, all of the pas
high voltage solar array experiments used DC power supplies to bias the solar array witl
to the sat#ite body. HORYUII is the first space experiment that generates the voltage by
own solar array. Solar array design to mitigate discharge has been developed at Kyushu
Technology (KIT) for the past 10 years. In laboratory experiment; aolay covered by
transparent polymer film showed no discharge up to 800 volts. During the HORINgt,

the effectiveness of the film solar array on suppressing discharge will be demonstrated.
HORYU-II will also carry various spacecraft environmarinteraction related mission
payloads, such as spacecraft potential monitor, electron emitting film for spacecraft
charging mitigation, and debris impact sensors. Verification of those mission payloads is
currently underway at KIT.

HORYU-II has beeralso developed as a test bed of environmental test facilities of Center
for Nanosatellite Testing (CENT) that inaugurated in July 2010. System verification,
especially environment testing takes a large fraction of the development time and cost.
The centeaims to reduce the development cost and schedule of nanosatellite while keep
the system reliability. CENT is capable of carrying out all the environmental tests of a
nanosatellite or satellite components up to 50cmx50cmx50cm and 50kg. CENT dimds to f
the optimum balance between the reliability and the low cost/fast delivery by accumulatir
test experience of nanosatellites and by developing innovative test methods suitable

for nanosatellites. While carrying out all the environmental testd@RYU-1I, we calculate
the cost associated with the environmental test and the system verification. The number
be a useful index to find the ways to reduce the systems verification cost while
maintaining reliability.

Thermal vacuum Chamber Vibration Test (HORYU2 under test)

-18 -



Antenna Pattern Measurement CAD model of HORYU2

2x Achievements in Space Engineering Education through CanSat Activities (or Plan)

We are using CANSAT in a laboratory workshop of first year graduate students of
Department of Applied Science for Integrated System Engineering. A group of five or
six students are assigned a task of developing a CANSAT rover that carries a servo
motor, GPS, a digital compass and ultrasonic sensor. Each student is assigned a
subsystem and responsible for developing software and hardware. After development of
each subsystem, it is integrated into one and tested. The course consists of 2.5 hours
laboratory work, twice a week. In total, the students are expected to finish the rover in

30 hours including the final presentation.

3x Papers

1. AGround Experiments and Computer Simulat:i

Koki Kashihara, Mengu Cho, Satomi Kawamoto, IEEE Transaction on Plasma Science,

pp.23242335, 2008.

2. fiDevel oplteiniti oy Mmadeécraft Charging Anal

Satoshi Hosoda, Jeongho Kim, Shinji Hatta, Koichiro #&edakamitsu Hamanaga, Mengu CH
Hideyuki Usui, Hiroko O. Ueda, Kiyokazu Koga and Tateo Goka, IEEE Transactions on Plasma S
Vol.36, pp.23362349, 2008.

3. ALaboratory Experiments for Code Valida
( MUSCAT) o, Sat oshi Hosoda, Takanobu Murana
Naomi Kurahara, Mengu Cho, Hiroko Ueda, Kiyokazu Koga, Tateo Goka, IEEE Transaction on F
Science, Vol.36, pp.2358359, 2008.

-19 -




10.

11.

12.

13.

14.

15.

AEI ect r olwmtga Pldsmma Pibpagation Speed on Solar Par&hminlated Geosynchronou
Environment o, Hi rokazu Masui, Takayuki Os e
on Plasma Scienc¥pl.36, pp.23872394, 2008.

AESD Ground Test of rSal &&r eAmhmaw s €o Gpraers f(
Kazuhiro Toyoda, Hirokazu Masui, Takanobu Muranaka, Mengu Cho, Tomoyuki Urabe, Té
Miura, Yuichiro Gonohe, Tooru KikuchiEEE Transaction on Plasma Science, Vol.36, pp.24231,
2008.

fi S o-Aray Arcing Due to Plasma Created by Spate br i s | mpact 0, Shi
Akahoshi, Keiko Watanabe, Toshikazu Nagasaki, Kenshou Sugawara, Takao Koura, and Megn
IEEE Transaction on Plasma Science, Vol.36, pp.22433D, 2008.

Al nfl uenceriosf ismppaaccet doerb s ol ar aYAkahgshi, 0.Nakamura
S.Fukushige, N.Furusawa, S.Kusunoki, Y.Machida, T.Koura, K.Watanabe, S.Hosoda, T.Fuji
M.Cho, International Journal of Impact Engineering, Vol.35, Issuel2, ppl1&33 2008.
ARecovery -iofdurcaedd addlomr at i on MolwataWadear dngtaimepts
and Methods in Physics Research Section B: Beam Interactions with Materials and Atoms, W
No. 1213, June 2008, pp.3073074, 2008.

AESD Ground Testingf Triple-Junction Solar Cells with Monolithic Diod@sYukishige Nozaki,
Hirokazu Masui, Kazuhiro Toyoda, Mengu Cho, and Hirokazu Wat8pace Technology Japal
Trans. JSASS Space Technology Japah7, pp.1217, 2009.

i Li g hdriven electric fieldsmeasured in the lower ionosphere: Implications for trans
I umi n o usJeremyeNn Thentas, Benjamin H. Barnum, Erin Lay and Robert H. Holzw
Mengu Cho, Michael C. Kelley, J. Geophys. Res., Vol.113,A12306,d0i:10.1029/2008JA013567
i De gr a graperty oof commercially available -8ontaining polyimide in simulated atomi
oxygen environmentls YokotarS. Abe, M. TBgawal M.lwaia;, B Miyyaaaki,
Ishizawa, Y. Kimoto, and R. Yokota, High Performance Polymer22oiNo.2,p237-251, 2010.
AQSAT: The Satellite for Polar Plasma ObservaijonTsuruda, A.Fujimoto, N.Kurahara, T.Harad
K.Yumoto, M.Cho Earth Moon Planet, Vol.104, pp.3480, 2009.

AComputer simulations on sprite i ngherifrequency
surgesao, T. Asano, T. Suzuki , Y. Hiraki, E. M3
A02310, doi:10.1029/2008JA013654009.

AAccompl i s h madilityt spacetraft mhatgihgi analysis tool (MUSCAT) and its futl
evol ut itwanTdMurandka,H.&im, S.Hosoda, K.lkeda, N.Kurahara, M.Cho, HO.Ueda, K.K
T.Goka, CTAASTRONAUTICA, Vol.64, Issueb, pp.495500, MAR-APR 2009.

i T hdimensional EM computer simulation on sprite initiation above a horizontal light
di s c harsam,0M.Haybkawa, M.Cho, and T.Suzulli Atmospheric and Solderrestrial
Physics, Vol.71, Issues® pp.983909, June 2009.
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16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

i Alight experiment of electrodynamic tether using a small satellite: As the first step for debris

removal o, . Kawamot o, Y. Kobayashi, Y. Ohk aw
S.Toda, Y.Yamagiwa, M.Cho, T.Hanada, Journal of Space Technolog$dwice, Vol.23, No.2
pp.3644, 20089.

AESD Ground Testing of Triptdunction Solar Cells with Monolithic DiodesYukishige Nozaki,
Hirokazu Masui, Kazuhiro Toyoda, Mengu Cho, and Hirokazu Wat&pace Technology
Japan(TRANSACTION OF THE JAPANSOCIETY FOR AERONAUTICAL AND SPACE
SCIENCES) Vol.7, pp.1117, 2009.
fArc Tracking between Space Cables due to Electrostatic Discldaiddtayano, S.Ninomiya,
T.Okumura, H.Mausi, K.Toyoda, M.Cho, Trans. JSASS Space Tech. Japan, W
pp.Pr_2_38Pr_2_ 39, 20089.

fiSpectroscopic Measurement of Secondary Arc Plasma on Solar &ifa9se, K.Toyoda,
H.Masui, M.Cho, Trans. JSASS Spadah. Japan, Vol.7, pp.Pr_2 -t 2 46, 2009.

Al nvestigation of Sustained Arc under Sol
7, 2009.
fiVerification of Charging Potential Measurement Method Using A Parallel Plate Eledtro
Analyzer® , N.Kurahara, M.Cho, Transactions of JSASS Aerospace Technology Jaga}),
pp.1-7, 2010.

AiStatistical Number of Primary Di scharMpms
Cho, Tomoki Kitamura, Takayuki Ose, Hirokazu Masand Kazuhiro ToyodaJournal of
Spacecraft and Rocket!.46, No.2,pp.438448, 2009.

AThe influence of power suppl i eTepped @kunurpe s
Andreas Kroier, Kazuhiro Toyoda, Erich Leitgeb, Mengu Cho, Journal of Spacecraft and R¢
Vol.46, No.3, pp.689696, 2009.

AEnNnvironment al Ef fects on Sol ar Array EI e
R e s u IMepeidQkumuraHirokazu Masui, Kazuhiro Toyoda, Kumi Nitta, Mitsuru Imaizum
Mengu Cho, Journal of Spacecraft and RocRéib46, No.3,pp.69#705, 2009.

AEl ectrostatic Dischar ge TeTeppei Oknmu@iazupidon ,
Toyoda, Mengu ChoShirou Kawakita, Mitsuru ImaizumiJournal of Spacecraft and Rocke
Vol.46, No.5,pp.9991006, 2009.

ATempopeatli al modeling of electron density
Erin H. Lay, Craig J. Rodger, Robert H. Holzworth, Mer@fo, Jeremy N. Thomas, JOURNA
OF GEOPHYSICAL RESEARCH, VOL.115, pp.8, doi:10.1029/2009JA014756, 2010.

ACharacterization Experiment of Secondlary
Masui, T. Ose, T. Kitamura, K. Toyoda, M. Cho, Jourddbpacecraft and Rockets, Vol.47, No.
pp.966973, 2010.
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28.ilnternatiRobaln Keshd on Sol ar Cel | Degr adg
Inguimbert, D. Payan, B. Vayner, D.C. Ferguson, H. Kayano, S. Ninomiya, T. Okumura, H. Ma
Toyoda, M. Cho, J. Spacecraft and Rockets, vol.47, no.3, pp4B32010.

29.iveri fication of Charging Potenti al Elddeoatatic
Anal y ANe rKorghara, M. Cho, TRANSACTION OF THE JAPAN SOCIETY FQC
AERONAUTICAL AND SPACE SCIENCES, Vol.8, No.0, ppZ, 2010.

300,AA Consideration of Future FIlight Materi a
Exposure Test Workingsr o u p s ' NasahjiooTAGAWA, Kumiko YOKOTA, Mengu CHO,
Minoru IWATA, Rikio YOKOTA, Mineo SUZUKI, Koji MATSUMOTO, Yugo KIMOTO, Eiji
MIYAZAKI and Hiroyuki SHIMAMURA, TRANSACTIONS OF THE JAPAN SOCIETY FOR
AERONAUTICAL AND SPACE SCIENCES, AEROSPACE THBDIOLOGY JAPAN, \ol.8,
No.ists27, pp.Th_-TTh_5, 2010.

3l.APropagati on Ar ea of FIl ashover on Sol ar
Geosynchr onleppes Ok@muta,i Kt Nitta, M. Takahashi, K. Toyoda, Trans. |IEEJ, S¢
Vol.13(® No.%® pp.79379% 2010.

32. fieffect of atomic oxygen exposure on resistivity change on spacecraft insulator nmatdicds
Danish Ahrar Mundari, Arifur Rahman Khan, Masaru Chiga, Teppei Okumura, Hirokazu M
Minoru Iwata, Kazuhiro Toyoda, Mengu Cho, Trans. JSASS Aerospack. Tapan, Vol.9, pp4,
2011.

33.AAnal ysi s of FIl ashover Di scharge on Larg
Envi r o AmepeenGkumura, Mitsuru Imaizumi, Kumi Nitta, Masato Takahashi, Tomonori Su;
Kazuhiro Toyoda, to be published, 2011.

3. AResearch on Mitigation Method Agaimohga Wadag
Hirokazu Masui, Kazuhiro Toyoda, Mecgu Cho, The Japan Society for Aeronautical and

Sciences, to be published, 2011.

O Books
Guide to Spacecraft Charging and Mitiga tion, AIAA Progress in Astronautics and

Aeronautics Series, September, 2011

O Dissertations
2008
1. Principle demonstration of high frequency plasma probe for nanosatellite QSAT.
Development of thermal vacuum and thermal equilibrium test facilitpdoosatellites
Operational simulation of electramitting film for spacecraft charging mitigation

Spacecraft charging simulation in the polar earth orbit environment using MUSCAT

SRS S A

Lunar surface charging simulation using Multi Utility Spacecraft Charginglysis Tool
(MUSCAT)
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2009

2. Development of Photoelectron Emission Measurement Fadalitgpace Materials

3. Development of reproduction experiment system of particulate electrification and flog

5. Development of Ground Operation Softwares for Naatellite Horyu
6. Research on creeping discharge generated on solar array

7. Development of Mission Payloads onboard High Voltage Technol@gmonstration

2010

1. Verification of engineering model of spacecraft potential monitor made of parallel plate

2. Thermal design of highioltage demonstration satellite Horyu2

3. Structural design and environment test of high voltage technology demonstration satelli

4. Test of performance of adhesive for sample return from asteroid in vacuum

5. Development of Measurement System of Field Electron Emission from Eldaitndting

6. Research and Development of Debris Removal Method Using Interaction Between Spa

7. Basic research of Vacuum Arc Thruster for N&adtellite

Isolation performance evaltian of high voltage cable for SSPS in space environment

©

10. Measurement of Distribution of Atomic Oxygen Flux using the Quartz Cryktabbalance

. Research on mitigation method against secondary arcing on solar array whécttezh

. Measurement of Electric Charge Flowing into Discharge Point in a Normal Gradient

Laboratory test of dynamic instability of electrodynamic tether induced by discharge
Time-of-flight measurements of Atomic Oxygen Velocity using Spectrometry and QM4
Development ofecondary electron emission yield measurement device

Experimental research of ESD inception mechanism on the ITO glass plate surface

simulated thirfilm solar cell
insulation by coating and changing the thickness of adhesive under the cell
Chargedischarge Characteristics on Solar Array in LEO and GEO environment undet

cryogenic temperature

phenomenon in lunar surface
Study on machine characteristic degradation with thermal and electron beam in spad

environment on Compositeaterials for high accuracy large antenna satellite

Satellite HORYUII
Examination of surface potentiometer probe in thermal space environment for paylog
application

Study of discharge characteristics of Electrodynamic Tether system-twbibwverification

test

electrostatic analyzer

HORYU-2

Film for Spacecraft Charming Mitigation

and Electrode with Applied Voltage

Potential

el
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O Master's thesis

2008

2009

2010

1.

3. Simulation of charging anl@vitation of dust particles in lunar plasma environment

6. Circuit analysis of surge voltage induced by discharge on satellite solar panel

2. Program management of nanosatellite Horyu

6. Proposal of a debris removal technique using interference between space plasma g

Development of electron emitting film for spacecraft charging mitigationand the
improvement of its performance
Development of Onboard Computer System for nano satellite HORYU

Difference between primary arc on changdischarge experiments at low and room
temperature

Relationship between electrostatic discharge inception on satellite solar panel and
adsorbed water

Development of discharge triggering method to be applied for electrostatic discharge
of satellite solar panel

Research on degradation and crack detection on thetinauteaterial of electrical power
cable

Development of flashover current simulator for discharge ground test of solar cell for

space

Development of communication subsystem for nanosatellite HORYU

Effects of UV source on the degradation of thermal and mechanical properties of flu
polymers

Development of numerical simulation tools of the electron beam in traveling wave ty
for satellite communications

Development of electron fielemission distribution measurement device

voltage electrode
Evaluation of insulation strength in space environment of high voltage cable for spa
solar power system

Simulation of contamination on spacecraft and its effect on spacecraft charging

Development and verification of power supply system for Nano Satellite HORYU
Development of thermal vacuum test facility for nanosatellite
Statistical analysis of sdlitee observation data of auroral electrons and plasma

environment on Polar Earth Orbit.
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4. Research on evaluation of resistance of eleeatruitting film to space environment and
performance improvement fepacecraft charging mitigation

5. Research on space applicability of COTS antistatic coating for spacecraft surface charging

mitigation, its radiation and thermal cycle resistance

Development of onboard computer system for nanosatellite HORYU

Developmenbdf secondary electron emission yield measurement device for space materials

Effects of adsorbed water on electrostatic discharge on space solar pane

© © N o

Development of Atomic Oxygen generation instrument in space environment and
10. Time-of-flight measurements

11.Research on development and evaluation of mitigation method against sustained arcin
solar array

O Doctorodés thesis
2009

Verification of Operational Principle of Smalized Satellite Potential Monitor via Measurement
Particle Energy
2010

Effect of domic oxygen exposure on spacecraft charging properties

o 4x Recent overseas researchers who collaborated with us (for a short period )

1. Prof. Joseph Jiong Wang, University of Southern California (USA)
Spacecraft environmeirtteractions and nanosatellite development
2. Space Systems Loral (USA)
Environmental test of satellite power system
3. Beijing Institute of Space Environment Engineering (China)
Effect of charging on contaminant particles
4. Indian Space Research Organizationi@hd
Electrostatic Discharge test methods on satellite solar panel
5. CNES (French Space agency) and ONERA (French National Aerospace Laboratory) (Franc
International Standardization of Electrostatic Discharge test methods on satellite solar panel
6. Ohio Aeropace Institute and NASA (USA)

D
~—

International Standardization of Electrostatic Discharge test methods on satellite solar panel
7. Prof. Shentao Li, Xian Jiaotong University (China)

Charging properties of space dielectrics
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5x Important mention

United Nations/Japan Longterm Fellowship ProgrammeDoctorate in Nano Satellite Technologies
(DNST)

Developing countries that in the past have mostly focused on applicatiented aspects of
space technology are increasingly also interesteuilding indigenous capacities for basic space
technology development. A naisatellite development program is an ideal fat&p to establish such
a basic capacity. Experience gained throughhesob training, going through the complete cycle of
desgning, building and testing a satellite, is crucial to gain this capacity. To fill that demand there is a
need for educational institutions to offer appropriateh@rjob training opportunities.

In 2010, Kyushu Institute of Technology and the United Mati®ffice for Outer Space Affairs
launched a longerm fellowship programme on nasatellite technologies for pegtaduate level
students from developing countries and countries with economies in transition. The students
supported by the fellowship pragmme are expected to enroll in Kyushu Institute of Technology ir
October every year from 2011. The length of the fellowship programme for each student is three
years. Students will work in the newly established Centre for Nanosatellite Testing, whicdndén h
a full range of environmental tests required for a 5@tass nanaatellite. Because all tests can be
conducted with the facilities available inside the campus, intensive and efficient cycles of designjing,
building and testing become possible.

The aplication package for the fellowship programme is available at the UNOOSA website,
http://www.unoosa.org/oosa/en/SAP/bsti/fellowship.htnThe completed application forms have to
be sibmitted to the United Nations no later than 30 April 2011 (for the class of 2011).
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University/ ) . .
Space Systems Dynamics Laboratory , Kyushu University

Organizer

Supervisor | Toshiya Hanada, Dr. Eng. , Associate Professor

Contact Tel:+81-92-802-3047 Email: hanada.toshiya.293@m.kyushu -u.ac.jp
URL http://ssdl.aero.kyushu -u.ac.jp

1x Overview and Science Highlights of the project

Space systems dynamics laboratory at Kyushu University has initiate d the IDEA (In-situ
Debris Environment Awareness) project, aiming to establish an in  -situ monitoring network
for the micro debris environment. Today, the data of the micro debris environment have
not been continuously collec ted yet in any spatial regions.  The IDEA project intends to
deploy a group of 50cm-cube satellites (IDEA satellite) equipped with two dust sensors
under the research and development by JAXA into a congested orbital altitude whose
debris environment is projected to monitor. IDEA satellites plan to be launched
sequentially in a piggyback fashion with a primary satellite to  a near altitude, in which
case it is possible to measure the debris environment for the primary satellite at the same
time. |Intotal, 5 IDEA satellites are planned to be deploy into the same altitude and/or
different altitudes where the demand for the assessment of the mi  cro debris environment is
high. The deployment plan of 5 satellites is currently under discussion. Wedre ai
launch the IDEA 1 in FY2013 as a secondary payload.

Magnetorquer
Solar cell S-band antenna
=
Transceiver Deorbit sail

Central

Processing
Component

- boom
|_Outer Structure | e [ Inner Structure [
The Kyushu University owns a clean room, an environmental test facility, and a satellite

| Sun sensor

ground station (UHF upli nk/downlink). The environment test facility can conduct
vibration test, thermal test, thermal -vacuum test, and radiation -proof test (for total -doze),

which are sufficient for the satellite bus system development.
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o 2x Achievements in Space Engineering Education through CanSat Activities (or Plan)

CansSat project in our laboratory has been initiated in 2000. Students, who join our
laboratory newly, work on developing CanSat for half a year to study basic knowledge  of
satellites and systems engineering, and experience the lifecycle of a technological project ,
including planning, managing , operating, and evaluating their mission.

As an opportunity for operating, we have participated in ARLISS  and Noshiro -space
event. In those events, we have received a lot of prize s such as 1st prize at ARLISS
mission competition in 2009.  Moreover, the CanSat has carried out various missions,
such as, fly-back by parafoil or kite -plane, measuring temperature or pressure of
atmosphere, downlinking mission data to ground station, and video recording from

CanSat.

ﬁ
L}

N “

i
W o

g
T

-

Fig. CanSat (2007) Fig. Kite -plane CanSat (2009)

Since the IDEA satellites has been initiated in 2011, we plan to demonstrate some
system architectures in the C& DH subsystem, which are partly adopted in the IDEA
satellite . This new challenge ha s motivat e lab students to develope CanSat. As an
opportunity to demonstrate, the CanSat are going to be operated in ARLISS (11,
September). The performance result would be useful as that system which can be
employed in the satellites . Because the experience of CanSat developing is thought to be
very helpful for becoming a full -fledged engineer, and not got achieved in classroom

lecture , CanSat project is co ntinued after next year in our laboratory.
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o 3x Papers

O Journal Publications
N Survivability of Tether throughout Deorbiting
N Theoretical and Empirical Analysis of the Average Cross -sectional Areas of
Breakup Fragments

2

Benefits of Active Debris Removal on the LEO Debris Population

2

Microsatellite Impact Tests to Investigate the Outcome of Satellite
Fragmentation
N Practical Guidelines for Electro -Dynamic Tethers to Survive from Orbital

Debris Impacts

-

Instability of the Current Space Debris Population in Low Earth Orbit

-

A Test Flight Experiment of Electrodynamic Tether Using a Small Satellite:
As the First Step for Debris Removal

i

Orbital Debris Modeling at Kyushu University

i

Spin-Axis Attitude Determination from Earth Chord -Angle Variations for
Geostationary S atellites

-

For Better Calculation of the Average Cross -Sectional Area of Breakup

Fragments

i

Outcome of Recent Satellite Impact Experiments
QSAT: A Low -Cost Design for 50 kg Class Piggyback Satellite
QSAT: the Satellite for Polar Plasma Observation

Benefits and Risks of Using Electrodynamic Tethers to De -Orbit Spacecraft

J O 2 2

Attitude Control by Magnetic Torquer

i

Performance of Spin -Axis Attitude Estimation Algorithms With Real Data

i

New Satellite Fragmentation Model Based upon Low -Velocity and

Hypervelocit y Impacts

i

Investigation and Comparison between New Satellite Impact Test Results
and NASA Standard Breakup Model

The Two-Sun Cones Attitude Determination Method

J 0

Searching for Lost Fragments in GEO

s

Spin-Axis Attitude Determination from Earth Chord -Angle Var iations for

Geostationary Satellites

s

Space Debris Environmental Evolutionary Model in Low Earth Orbit

s

Comparison of Fragments Created by Low - and Hyper -velocity Impacts

s

Measurement of QSAT Residual Magnetism

s

Methods for the orbit determination of tethered  satellites in the project QPS

J

Stochastic analysis of survivability of double tether
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Contributions (in Japanese)
N Overall Deployment Experiment of Solar Power Sail
N Progress in Satellite Attitude Determination and Control
n A Tutorial on Vectors and Attitude
N Two New Microsatellite Impact Tests in 2008
Dissertations
n Attitude Control for Asteroid Mission
N Feasibility of Space Debris Observation System by Space -based Passive
Radar
N Micro -Satellite Impact Tests to Investigate Multi ~ -Layer Insulation
Master's thesis
n Effect of Thermal Radiation Pressure on Interplanetary Spacecraft
N General Attitude Control System for Micro  -Satellites
Doctor & thesis
N Development and Validation of Precise Models for Non -Conservative Forces
on Spacecraft
N Guidance and Control of Deep Space Explorer Using Solar Radiation

Pressure

i

Guidance and Control of Deep Space Small Probe

i

Potential Risks of Using Electrodynamic Tether to De -orbiting Spacecraft
from LEO

N System Design and Project Management for University Satellites

o 4x Recent overseas researchers who collaborated with us

1. A. Rossi (ASI), B.B. Virgili (ESA), R.K. Sharma (ISRO), J. -C. Liou (NASA), H. Lewis

2.

Stability of the Future LEO Environment

A. Rossi (ASI), H. Lewis (BNSC), H. Krag (ESA), V. Adimurthy (ISRO), J. -C. Liou
(NASA)

Benefits of Active Debris Removal on the LEO Debris Population

C. Pardini (ASI), P.H. Krisko (NASA)
Potential Benefits and Risks of Using Electrodynamic Tethers for End -of-life De -orbit of
LEO Spacecraft
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5x Important mention

Our laboratory focuses on two guidelines adopted in the space debris mitigation guidelines

of the Scientific and Technical Subcommittee of the United Nations Committee on the
Peaceful Uses of Outer Space. The first guideline limits the long -term presence of
spacecraft and launch vehicle orbital stages in the low Earth orbit region after the end of
their mission. Small satellites as secondary payloads may not be allowed to have
propulsions or pressurized vessels. Such small satellites can expect only natu ral orbital
decay due to the atmospheric drag , so that they have to enlarge their average
cross-sectional area at the beginning or after the end of their mission to comply with the
guideline. However, enlargement of the average cross -sectional area may co nflict with the
second guideline that limits the probability of accidental collision because the probability of
accidental collision is a function of the effective cross -sectional area. Therefore, our
laboratory tries to optimize the average cross -sectional area in terms of the two guidelines
as a better effort.
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Appendix
IDEA: The Project for In-situ Debris Environmental Awareness &@L

Space Systems Dynamics Laboratory, Kyushu University, Japan, http-/is=dl_aero kyushu-u_ ac.jp/ K¥USHL

IDEA Satellite

Mission Objective

1. To assess the current situation of micro debris environment
in comparison with existing debris environmental models
|r"|—5,|'|'L,I [_} =18l ik 2.To monitor the micro debris environment around the

Environmental
Awdareness

zatellites in observable spaces
3. To Instantly detect breakup events in observable spaces

IEvent-related debris _@,DEA satellite
[ | o e 1 o s o

kg e st
IDEA Proje‘:t Assuming the satellite’s shape as a cubold, the expected flux

Background on the ram panel is high enough to assess the current
| 3
It is indispensable to figure out debris environment situation by the small piggyback satellite (=50°cm’).

correctly. The environment of the micro debris (<1em) and

| IS

the interference with the larger objects are not sufficiently =0 ]
revealed due to the lack of the monitoring system. = MASTER2005 |
I u ORDEM2000
| @) $
T = Micro debris (=1 cm) =
« Population, generation,
le'll'ﬂ '__.F ;
plece = Imterference with the @
lager space objects a
Objective 5
* To construct the in-situ monitoring network for micro
debris environment
*To assess the current situation of micro debris
environment
A h Fig. The flux of micro debris estimated by the debris
Approach environmental models (ESA’s MASTER2005 ond NASA’s
The IDEA project designs, develops and operates small ORDEN2000) In the planned mission orbit

piggyback satellites with dust Impact detectors, as In-situ
micro debris measurement Instruments.

System Requirement

4| satel |7
HEA e The key drivers: “Continuous monitoring” and “Small

Impact detector Small piggyback satellite plggyback satellite’s concept”
Measure * Smaller & faster & cheaper
impact debris development and operation 1. To have enough redundancy in the mission data handling
size and the concept architectura
time of the * Various launch opportunities & 2.To preferentially use well-demonstrated technology and
collision insertion orbits equipment
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