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Dream and Reality of Nanosatellites
(Activities of Matunaga Lab at ISAS/JAXA and Tokyo Tech)

Saburo MATUNAGA

Abstract

Micro satellite research and development is valuable mainly for the following reasons: (1) practical education of space-
system engineering and human resource development, (2) rapid demonstration in space of advanced technologies at
component and equipment level, (3) implementation of science missions and actual application missions by ultra-small
satellite (constellation), (4) discovery and development of new space engineering and high-value-added business fields. As a
practical demonstration under laboratory-student leadership, Matunaga Lab at Tokyo Tech, now at ISAS/JAXA has been
developed nanosatellites including World first CubeSat CUTE-I, Cute-1.7 + APD, and Cute-1.7 + APD II, which were all
launched into Earth orbit and operated. Now, a 50kg-class satellite named TSUBAME is researched and developed to
observe earth and celestial bodies in cooperation with several Japanese university laboratories and students. This paper

introduces the nanosatellite activities of Matunaga Lab.
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(a) CUTE-I

(b) With separation mechanism

Fig. 1 World First CubeSat CUTE-I
Table 1 Specifications of CUTE-I

Size and mass | 10cm x 10cm x 10cm, 1kg
OBC H8 (Hitachi), 4Mbit SRAM
Downlink CW, 430MHz, 100mW
ow AFSK, 430MHz, 1200bps, 350mW
Uplink 144MHz, FM DTMF
Battery Li-ion
Triple-junction GaAs
Solar Cell | 1} vable Solar Array
Sensors Temperature, Voltage, Current,
Accelerations, Sun direction

CUTE-I Development Team

Fig. 2
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(a) With separation mechanism installed at M-V rocket

Fig. 3 Cute-1.7+ APD

2.2 Cute-1.7 + APD
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(b) Installed on 4th stage of PSLV
Fig. 4 Cute-1.7+APDII
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2009/04/22 00:41:49 (UTC)

Cute-1.7 + APD II, Tokvo Tech

Above Guam Island

Fig. 5 Picture taken by Cute-1.7 + APD II
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Fig. 6 World-wide Distribution of Low Energy Particle
with APD Sensor

Fig. 7 50kg-class micro satellite TSUBAME

Table 2 Specifications of TSUBAME

Size (H)610 x(W)610 %(D)540 mm (max.)
Mass 52kg(max.)
Design Life 1 year
. 504km
Orbit (Sun-synchronous orbit)
Control Moment Gyro (CMG)
Mission Wide Burst Monitor
Hard X-ray Compton Polarimeter
Small Optical Camera
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3.1 TSUBAME

UEoRFRICEBEINTHEED L1, 4 8H L5/
TR 7 ey b UTEERBETOMEN, 50kg &
HER - KRB i FZ3E 2 TSUBAME Td 5.
TSUBAME 0#%% Fig.7 & Table 2 I[Z7RT. #EOK
TSI A HBROMEEBNINPREI N ERFETH
v, 4 MOKBEM SRV TEHEHMET . Fig8 I
TSUBAME & fthod 8Ly 7o/ NI R OB & b (KBS
BHMELOBREBHE Ny T VER) ZRTH,
TSUBAME WEEBNIZ R E N ENDN5D.

TSUBAME O F#=I v a v iik&< 3555, £,
Fig9 (o 38/Mioay b —LE—A Y hV ¥ A 1
(CMG) AW mERBAEREIROFEIETH D, KA
® CMG IZFHAT—3 3 » OLREBHIEE IR H ST

5 Int. J. Microgravity Sci. Appl. Vol. 30 No. 3 2013

=BB

WA, AHEICHERTS CMG 1%, /NMUHEICHE#HT
B/ - BEAL I N HHBABRLTHD. 20
CMG 4 ff% Fig.10 (&R T X HICET 2 v FAEICEE S
5. WIZ CMG 2 & % @l BB T H AT &2 Vv C1T 5 #
TH#Ivvard LT, FlHTEID D RIKOEFIIETE
RGETHDL A ~N—2 Lo X BELEIch Y,
A2 X BURCEN T  (Fig.1l) ORISR &Y
LTW5. F£7z. KREEMR - @ EoMMATIRIER -
KB - EABSRSEEAME Lz E - B EROED
EfRG EEATARBLI 2 BAg L LT, BUEARL K o AR REAS
/NIRRT A T 2B LT 5 (Fig.12).

CIPower generation per total mass [W/kg]
[CIBattery capacity per total mass [Wh/kg]

7:2
2‘8 I

2.43
1.43 I 1.4
0.83 0.88
il &
m |
SPRITE-SAT TSUBAME INDEX SDS-1

Fig. 8 Comparison with other typical microsatellites

CMG Gimbal

Flight Model of Micro CMG

®73.5x 150 mm Fly Wheel
1000 g (Momentum Wheel)
Angular Momentum 0.0527 Nms
Generated Torque 53 mNm
Power Consumpttion <9 W/ 1 unit

Fig. 9 Control Momentum Gyros (CMG)

‘- %
|« “"a@&“ﬁ\s =
cmé Temporary Setup on
TSUBAME
Fig. 10 CMG Arrangement
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Fig. 11 Hard X-ray Compton Polarimeter (HXCP) for
Polarized X-ray observation of Gamma-Ray
Burst

Fig. 12 Small high resolution optical camera for Earth
observation
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Fig. 13 System Block Diagram of TSUBAME
Accuracy

CMG Operation

+ Required Accuracy(1deg)

+ Required Stability (0.25deg/s)
» Power Consumption- - -High

Star Tracker

MEMS Gyro
Initial Operation-MTQ Operation
* Required Accuracy (8 deg)

R
* Power Consumption- - -Low

Magnetometer

Sun Sensor

Power Consumption

(a) Sensors for Attitude Determination

CMG Operation

+ Required Accuracy(1deg)
* Required Stability (0.25deg/s)
* Power Consumption- - *High

Magnetic torquer Maximum Torque | 53 | _mNm
rerr—— Mass [ 1000 [ g
i - = - 735
Length %150 mm
A - i Power
% .! ‘? Consumption 74 W
GeneratingMagntic | , 5 > Initial Operation, MTQ Operation
Moment =
Mass 2% | g + Required Accuracy(8deg)
Length 210 | mm * Power Consumption- - - Low
Power C pti 02 | W

Power Consumption

(b) Actuators for Attitude Control

Fig.14 TSUBAME ADCS

01400 6



FA7K

€— Automatic Change or Commad
4— Command

Safe Mode bafe Mode
==’

MTQ CMG
Normal Operation Normal Operation

Earth Astronomical
Observation Observaion

MTQ Control Mode

Separaion

Initial
operation

N\
GRB
Experiment Observation Observation

CMG Control Mode

Fig.15 Operation Modes and Transition

CMG Earth

Fig.16 Block Diagram of SILS
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(a) TSUBAME Overview for Test

Temperature of BULKHEAD(TEST VS ANALYSIS)

' Solid line : Test results
‘ Dotted line : Prior analysis results |

Time[s]
(b) Test and Analytical Results

Fig.19 Thermal Vacuum Test
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Fig.20 Measurement of Residual Magnetism
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