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4.2

4.2.1 Hokkaido University

To develop a launch system to examine a micro-satellite or its components in flight condition,
development study of a small sounding rocket with jet-impinging hybrid rocket motor, designated as
CAMUI (Cascaded Multistage Impinging-jet), has been made. To obtain the ignition and combustion
characteristics of 50-kgf thrust CAMUI No. 02 motor, the authors performed static firing tests. As
the result, sufficiently prompt ignition characteristics and stable combustion were obtained.

Following the static firing tests, a ballistic launch test of CAMUI-02 was performed on a January
13 2003 at TAIKI Hokkaido. The CAMUI-02 went up stably and reached 500 m in altitude. The
rocket was recovered safely by parachute. These results prove reliability and safety of the
launch-recover system with CAMUI hybrid motor.

4.2.2 Hokkaido Institute of Technology

Space activities have been actively for more than half a century. World is under the difficult
social conditions, but growing up steadily. The system using the satellite such as satellite
communication, satellite broadcast, GPS and weather report by the meteorological satellite has
permeated our life deeply. Furthermore, it is certain that the advanced satellite system provide the
foundation for advanced information communications society.

In future, expansion of the market of space transportation is expected. Because of companies
and private sector organizations perform space development and launch of the micro satellite which
the university in Japan developing are accretive.  Therefore, development of safe, cheap, and alow
pollution space transportation system is expected. It is our target that a payload is conveyed to the
sky with an atitude of 10km, and the system which can return to launch point will be developed by
2004.

The present study deals with the development of the winged vehicle to obtain the basic materials
of the Fly-back system.



4.2.3 Muroran Institute of Technology

The goal of this study is to develop an autonomous flight system for point recovery using
parafoils that is to be applied prospectively to a small scale reusable launch vehicle of universities
own. As the first phase of such efforts, a parafoil flight experiment vehicle of 5 meter span was
designed and fabricated, with the aim of acquiring know-how of handling parafoils and
designing/fabricating vehicles, aswell as of characterizing parafoil flight dynamics through on-board
measurements. The vehicle was equipped with a propulsion system for running and taking off by
itself. Flight experiments were carried out at a field in Muroran and Taiki Multipurpose Aerospace
Park. A moderate capability of running, taking off, and climbing was demonstrated, although
adverse rolling motion was observed during powered flights. In addition, an unpowered parafoil
flight experiment vehicle was designed and fabricated. Its preliminary opening and gliding
experiments were carried out over a cliff in Muroran. Furthermore, an unmanned hot-air balloon
system for lifting the vehicle up to about 100 meter altitude and releasing it was designed and
partialy fabricated. It will be fully constructed early next fiscal year, and be used for parafoil

opening and gliding experiments.

4.2.4 Tokyo Metropolitan College of Aeronautical Engineering

This program is aiming to develop a low thrust rocket engine for the multi-purpose uses. The
engine will be designed by using Ethanol and Gaseous Oxygen with the thrust level of 300-500N as
afirst step. Final goal of the engine development is one whose thrust level of 10 kN. Available tests
by the multi-purpose rocket with this engine will be included, for example, the preliminary test of

utilization of low gravity environment and of telecommunication of a satellite and so on.

4.2.5 Tokyo Metropolitan Institute of Technology

In order to examine the atomization characteristics of the swirling injector. preliminary tests, the
LO; injection tests with single-hole injectors, were carried out. The injected LO, was vaporized
more rapidly as the hole diameter became smaller. When LO, was injected along a grain wall,
however, a liquid layer was formed on the wall surface, resulting in the poor evaporation of LO..
The combustion tests of the swirling-L O.-type hybrid rocket engine showed that the performance of
this engine was lower than that of the GO,-type one. This low performance may be due to the
existence of LO, layer on the grain surface. Therefore, our objective of this year, to develop the

thrust level of 1000[N] engine, wasn't achieved yet. In order to solve the problem, however,



vaporizing LO, before injector was considerded. The computational analysis of thermal conduction

and, furthermore, the combustion tests with this method are carried out now.

Key Words: Hybrid Rocket, Liquid Oxygen, Swirling Flow,
Atomization, Combustion Characteristics

4.2.6 Tokai University

Most of rockets have been used a separation nut with firearms on the vehicle separation
mechanism between rocket motor and payload sections. But the treatment of gunpowder is danger
and difficult for the vehicle assembly. The separation system of firearms has many weak points such
as a shocking damage for payloads, disposable useless, expensive cost, necessity of advanced
knowledge and difficulty of treatment.

We have developed a new separation system without firearms but using an air cylinder device. The
mechanism is easy treatment, reusable and reasonable cost. Since 1997, we have designed and tested
on some prototypes, we are studying a small sized separation mechanism for a hybrid rocket or the
CanSat satellite. Our project team of 17 students has 3 groups of the Analysis, the Assembly and the
Test.

We are going toward the future goal of the development for an all-purposed, safety and reliable
separation mechanism.

4.2.7 Osaka Prefecture University

Recently, students have been going ahead with small rocket projects in some universities. We don't
dispel concerns about a burst and a fire in these projects because they have combustion process of
propellant. Focusing on safety, environmentally friendly, low cost and potentiality, we was started to
study on the small rocket using cold-gas engine. This engine is composed of two fluids (LN, for
propellant and H,O for heating source) and is non-combustible propulsion system, which takes
particular note of safety, and would be potentially developed to a practical level by enlarging its
scale. The predicted performances of this, when the ratio between mixture pressure and back one is
10, are as follows; specific impulse is about 85sec and thrust is about 750N when rocket diameter is
100mm (in vacuum). Specific impulse of this engine is lower than that in hybrid rocket, but this
engine can get high thrust by enlarging throat area. We designed and produced the cold-gas engine
system, and performed an experiment for measurement of thrust using the load cell. But we could
not measure a thrust of this engine because the mixture room pressure didn't get to the target value.

From now, we are going to solve the problems that we found in this experiment and measure thrust.
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5.2

5.2.1 Hokkaido Institute of Technology

CubeSat has a relatively small number of functions since it is used for educational purposes.
However, using more than one CubeSat in formation flight will make more complex missions
possible. The purpose of this research is to experimentally prove key technologies for a formation
flight with two CubeSats such as Laser Range Finder (LRF) and microwave engine. LRF uses a laser
beam to obtain information on the relative position of the two CubeSats. Microwave engine is an
electric propulsion system for satellites’ orbit and attitude control. The information from the LRF
will be used to manage the propulsion system. The microwave engine operated successfully with
1[W] of microwave input power where the total system power 3[W]. The engine generated a
calculated thrust of 16[u N]. The laboratory model of LRF was designed and its driver and detection
circuits were constructed. The LRF has detected the range between itself and a reflection board.

Key Words. CubeSat, Formation Flight, 3[W] Electric Propulsion, LRF

5.2.2 Tohoku University

In the fiscal year of 2002, Tohoku University has participated in the ARLISS2002 project and the
Exploratory project. Here the abstract of both projects are described.

ARLISS 2002 Project

Emphasizing our background on the robots for lunar/planetary exploration, we, Tohoku University,
participated in the ARLISS 2002 Come Back Competition with  developing a micro rover of 1.8 kg
(4 1b.). The mission isto reach agiven goal by a surface locomotion rover after soft landing from the
sky. We developed expandable wheels to meet the requirement on the payload size and achieve
higher capability in the locomotion.

Launch was successful but the parachute did not open, then our payload freely fell and crashed on



the ground. Yet, most of mechanical components survived okay. After on-site maintenance, the micro
rover successfully demonstrated the locomotion on the Black Rock desert and autonomous

navigation using on-board receiver.

Exploratory Project
Tohoku University was funded by UNISEC for an Exploratory Project, and started the
development of micro satellites under the collaboration between the School of Science and the

School of Engineering.

(1) First, the mission goa was discussed for achieving high level of science, then set the
development of a space telescope with 20cm aperture as a challenging, yet feasible goal..

(2) Basic design of the space telescope was discussed and key issues in the development are
identified. In order to achieve higher resolution than huge ground-based telescopes, that is
theoretically possible over the atmosphere, the key is accuracy and stability of the attitude
pointing. But this can be challenged by introducing break-through technologies such as micro
mirror devices and charge injection devices. Tohoku University has strong know-hows and a
facility where students can develop and test those MEM S(Micro Electronics and Mechanical
Systems) devices.

(3) Test piece of the CID (Change Injection Device) was selected and purchased. Its optical
performances and durability under the hostile space environment are to be evaluated.

(4) A step-by-step approach is foreseen including the flight evaluation of innovative technologies

within three years by a micro spacecraft of under 30kg.

5.2.3 Nihon University

The satellite group of Nihon University is developing the following pico satellites by supporting
of UNISEC " CanSat project” and “ General project”

We have been participating in ARLISS (A Rocket Launch for International Student Satellites) since
2000. We devel oped Fly-Back type autonomous control system called “ Para glider CanSat” (hereafter,
it is named PCS), and participated in Come Back Competition at ARLISS2002. PCS has GPS
antenna, and enable control of turn and angle of attack by driving servomotor-linked line to
paraglider based on GPS. We succeed in putting these modules in the size of 350ml can. It was
launched two times in August 2002.

As aresult, we couldn’'t take a normal flight because of power failure and unsuccessful in release
from carrier. However, we could find out a lot of reexamination items and reflection points by this
launch. Experiment and improvement were done many times by them. Based on these improvements,
at present we are developing the 3" PCS toward ARL | SS2003.



In ARLISS2002, as the other satellite, we developed Open Class CanSat. This satellite was
developed to foreseen CubeSat-Project. So it corresponds to SEEDS (Space Engineering
EDucational Satellite) which is CubeSat of Nihon University. Accordingly, it imitates the SEEDS as
much as possible in point of mission sequence, loaded systems and system diagram. We can ensure
the system integration of SEEDS and shift the phase of Engineering Model by development and
launch of this Open Class CanSat. We verify detection of sensor noise and validity of data
analysis.

Because of unsuccessful deployment of parachute, the result became unanticipated. However, we
investigated problems based on limited data, which was gotten by this launch. By further ground
experiment and improvement, we finally established the systems of SEEDS. And we got the
fundamental know-how of development through this project.

CubeSat_Project, supported as general project, entered EM phase of SEEDS. The purpose of this
project is to get the fundamenta technology of development spacecraft by student. We aim at
developing satellite that can actually experiment in space in each university by this project. In future,
we head toward the goal that enables to develop and to operate the pico satellite, which can
experiment gossamer structure and deployment structure our laboratory research.

The systems of SEEDS that was established by OpenClassCanSat was miniaturized and lightened
as CubeSat. We start performance test of the substrate February 2003. After basic performance test,
the SEEDS is taken test in extreme environmental conditions such as thermal test and vacuum test.
At the same time, calibrate each sensor device.

The structure of SEEDS was designed endurably to launch and to operate by static load analysis
and principal vibration analysis. This structure is lightened and selected rigid materials as much as
possible by device of material and structure. We have already ordered this and we will finish the
completion till this March. After that, we will have vibration test and long distance communication
test by foldout antenna with integrated substrate and solar battery.

As future schedule of SEEDS, we will finish development of EM till April 2003 and shift design,
manufacturing and various test of Flight Model. It is scheduled that FM development and all of tests
in December 2003. At this time, we face the launch that is booked in 2004. And we are considering

the possihilities about the chance of launch in many ways.

5.2.4 University of Tokyo

CanSat project

Since 1999, we have been making small satellites called “CanSat” every year. Every Summer,
we have launched CanSats at BlackLock Desert in Nevada state in United States using amateur
Rockets to the height of 4km in the sky. Then we did several experiments with the CanSats falling



down. We call these projects ARLISS.

Since 2001, we have been trying to make CanSats which sail toward the target point by GPS
navigation with parafoil. We competed each other in the distance between the target point and the
landing point of our CanSats. We call this competition “Come Back Competition”. The best result in
2001 is 650m from the target point, and in 2002 is 45m.

In these project, we have not only get technical progress but also educational result. In the
Graduate School class “Special Lecture on Spacecraft Design” by Prof. Nakasuka, three cansats
were developed by three teams. The abjectives of this class were not only satellite design,
fabrication, test and operation but also project management, team work.

In this paper, | will report those technical and educational results.

CubeSat 11 project

University of Tokyo has built our first CubeSat called “X1-1V” which will be launched in June, 2003
by Russian rocket. Based on bus technologies of XI-1V, we started designing our next satellite
“CubeSat 11" in January, 2002. We selected remote sensing mission for CubeSat 11. Growing interest
in global environment requires more opportunities of earth observation through satellites with lower
cost. Universities such as Surrey in UK and Institute of Technology in Berlin have built remote
sensing small satellites, but they are till relatively “large” satellites (mass of 50-100kg).

CubeSat |1 aims to achieve ground resolution of several 10meters with total satellite mass of 3-5kg
(classified as pico-satellite). In addition to remote sensing mission, we plan to develop and
demonstrate deployable boom, solar-array paddle and ADCS system. We also develop enforced
satellite bus technology including faster CPU, high data rate downlink system and PPT (Peak Power
Tracking).

In this paper, concept of CubeSat II, its mission sequence, design of subsystems and key

technologies, current status and future schedule are reported.

5.2.5 Tokyo Institute of Technology

In 2002, three Tokyo Tech projects have been supported by UNISEC. These projects are the
CanSat project, the project for developing a separation mechanism for Nano satellites, and the
project for developing a ground station system. In the Tokyo Tech fina reports, the results of these
three projects are described.

In CanSat Project, two satellites, which are OpenClass and CanSatClass, and arover are developed
for ARLISS2002. We conducted the two experiments; these are TDMA data relay communication

experiment using OpenClass and a rover, and autonomy flight control experiment using OpenClass



and CanSatClass. After ARLISS2002, we also developed one more OpenClass to participate in
Space glider contest in Japan.

In the project for developing a separation mechanism for Nano satellites, we have developed the
separation mechanism for the Tokyo Tech CubeSat CUTE-I that will be launched on June 30 2003.
The vibration test and the gjection test under micro gravity condition were conducted to evaluate this
mechanism. The results of these tests indicate that this mechanism satisfies the requirements of a
CUTE launch. We are also developing a sub-payload of M-V#6 that will be launched in February
2004 to conduct experiments about a nano satellite separation mechanism. We believe these
devel opments contribute to the groups that want to launch their nano satellites.

In the project for developing a ground station system, we have devel oped the ground station system
for CUTE-l and the next generation nano satellite we will launch in future. This ground station
system consists of Internet technology, multi-layered system and XML data management to get the
expansibility and the flexibility of handling data. Our ground station system has Ground Station Data
Center (GSDC) that makes it possible to open telemetry data, logs of the ground station system and a
database of satellites' information through Web.

Tokyo Tech final report describes the results of these three projects as well as the objectives and

development schedules.

5.2.6 The University of Electro-Communications

We participated in ARLISS project for the first time, and carried out the experiments on August
2-3, 2002 in Black Rock desert, Nevada, USA.

In this project, we build one Open Class CanSAT and planned the following two experiments. use
of the flexible GPS patch antenna attached to the parachute and attitude determination using solar
cells. The patch antenna made of flexible conductive woven fabric and felt was attached to the
CanSAT's parachute. The parachute was used as a GPS antenna and experiment of receive the GPS
data was carried out. This was the first time to use flexible GPS antenna attached to the parachute.
Six solar cells were attached to each of the surfaces of the CanSAT. The attitude was determined by
measuring electricity generated on each of six solar cells and comparing among the six amounts of
electricity. Unfortunately, launching experiment of attitude determination using solar cells was not

executed because of the defect of computer program.

Key Words. GPS, parachute, flexible antenna, conductive woven fabric

5.2.7 Soka University



CanSat Project PEARL

We participated in CanSat project for ARLISS (A Rocket Launched for International Student
Satellites) project in 2002. CanSat is small size satellite project by students in USA and Japan.
CanSat climb to 12,000-ft (40,000m) height by amateur rocket, then CanSat is released. This year,
we launched two CanSats name of PEARL (Practica Experiments Apparatus of Radiophotos for
Long-distance) and CORAL (COmmunication Related Acquirement Laboratory) . This paper is
report on satellite system of PEARL. Missions of PEARL are acquisition of digital images by
CMOS camera, transmission of 2.4GHz and 1Mbps, operation by one FPGA, and vehicle of various
sensors and GPS Receiver.

CanSat Project CORAL

This paper reports about CORAL that is one of CanSat developed at SokaUniversity in 2002.
CanSat is a small satellite developed by students and it size is 350ml can size. The mission of
CORAL isto develop TNC(Terminal Node Controler) and do an experiment our TNC. We will use
this TNC on our CubeSat. CubeSat is low-earth orbit satellite. It sizeis 10x 10x 10cm and massis
under 1kg. Our TNC is developed by only FPGA (Field Programmable Gate Array). We will launch
this satellite on Aug.2-3. 2002 in BlackRock desert. Nevada. US.
We could get the GPS data and we could find “CORAL” at the same point that the data pointed.

CubeSat Project

This paper reports about CubeSat that is developing at SokaUniversity. Shooting the photos of earth
and transmission of our song to ground station are the main mission. The operating frequency isin
the amateur communication band. A UHF(f=430MHz) band will be used for the downlink, and a
VHF(f=144MHz) will be used for the uplink. We've already developed TNC(Terminal Node
Controller) for downlink at ARL1SS2002.

Feature of the Soka University Satellite is using FPGA(Field Programmable Gate Array) for
control equipments. Advantages of using FPGA are design flexibility, small size, high speed
processing and flight proven. You can have almost any logics in FPGA. Also you can have CPU in
FPGA. There are reasons why we selected it for our CubeSat

5.2.8 Kyushu University

CanSat project

On 2nd August, we have conducted Fly Back experiment of CanSat for ARLISS2002 Project.The
mission of our CanSat is to transmit the telemetry data to the grand station, and automatic navigation
with on-board computer using the GPS data. The experiment is to acquire the technology for the

QTEX, small satellite which is now under development in Kyushu University.

QUEST project
QUEST (Kyushu-U.S. Experimental Satellite Tether) is the project developing the micro satellite



that have the purpose for experiment of tether technique. The main mission of this satellite is to get
tether technique deploying 2km tether between mother satellite and daughter satellite. 4 universities,
Kyushu University, Washington University, Santa Clara University, University of Tokyo, take part in
this project. In this paper, I'd like to state the summary of QUEST project, corporation of each
university, progress report.
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