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l. Introduction

The role of technology demonstration in space consists in obtaining meaningful
data in condit ions which we can't crcate in the ground test and in estimating adapt-
ability of space-system or space-equipment with actual space-environment, for example
zero-gravity, a high degree of vacuum, and cosmic ray. A good knowledge of up-to-date
technology, obtained through demonstration, is expected to reduce some risk of big
projects in which r,e develop and operate it, and to promote the reseach of itself.

Because the means for this type of technology demonstration, in principie, have to
mec[ ttlo basic condi[ions lhat thc total cost of it should be lolr and the chance of
it should be timely, small sateliite which professes iow cost and short turn-around-
time, can be one of the most useful means for technology demonstration. In addition
comparatively long operational period on orbit makes small satellite attractive also.

In NASDA, we reseach tvo type of small satellite system, one is 50kg-class and an-
other is 500kg-class, respectively corresponding to H-2 piggy back, H-2 double launch
and J-1, and rve create new mission on behalf of technology demonstration(Tablel-D.

In this paper l'e present S00kg-class small satellite system and mission of NASDA
in recent years, highlighting Lidar Dngineering Test Satelite(LDTS) which r'e are go-
ing to start phase-A study from this year.

2. 0utline of technology demonstration mission

l{e study mainly three fields of technology, comnunication, earth observation and
bus technology, but foliowing diversification of mission, there are appearing a
various kind of technology demonstrated, for example mechanics like anntena-deploy-
ment mechanism(Iq!&Z:l). Among these technology 500kg-class satellite is proper to
demonstrate technology assembled as a system, but not as parts and equipments fit
for 50kg-class satellite or the remaining space in large-scale satellite.

lle can't show cost-to-perfomance of technology demonstration for the lack of quan-
titative data by which rve should compare the result obtained through it with the
cost of it. But the valuable experience in Dngineering-Test-Satellite-6 (ETS-6) sug-
gest that it should be a good policy to plan technology demonstration for critical
system whose failure cause the entire system fairure in advance of actual use.
Though thc result of the ground test is very useful, it is difficult to realize space
cnvironment accurately in the ground test, espesially combining some of them.
In addition the ground test of system level, whose size is apt to become larger, has
a lot of difficulty in the aspect of technique and expense. These things give tech-
nology demonstration in space special meaning different from ground test.

l{hen planing technical demonstration in space, ve have to give to the satellite so
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many and proper telemetry channel as to be able to monitor the status of the system
or the equipment to be demonstrated according to the purpose of demonstration, en-
hancing the capability of estimating failure on orbit accurately. Moreover ve appro-
piately have to catch space environment itself to which they are exposed, and to
prepare, in advance, the ground test data to be refered. For elaborate invesigation
recovery of the mission to the ground ttrill be very useful to denonstrate technology,
but too diff icult to be realized within i imited resorse of small satel l i te.

In additon to the technical matter like these things, it is very important where
Lhc Lechnology dcmonstration activity in spacc should bc posit ioned in the whole
senario of some space activity to uti l ize the system or the equipment demonstrated.

3. 0utl ine of Small Satel l i te System(500kg-class)

In recent years the payroad-eff iciency of 500ke-class satel l i tc of NASDA ranges
about from 25% to 30%, mainly due to the properant mass determined by orbit element
or mission requirement. The volume(dimension) of the satel l i te is about l .5m'(lmxlm
xl .5m) to 2.5m3(lmxl .25mx2m), because the rat io of  volume to weight ranges about
from 0.003m'/kg to 0. 005m3/kg, considering acutual result so far.

DTS-3 (* ' ) ,  DTS-5 (- t ) ,  M0s- l  (+2),  0 lcDTS(*t) ,  and LDTS ( i4)  are c lassi f ied into th is
class of satel l i te for the purpose of technology demonstration in NASDA(Table3-l).
DTS-3, ETS-5, and [|OS-I in space development of JAPAN had a big target that is es-
tablishment of basic bus technology, for example 3-axis stabilized technology, re-
spectively on sun-nonsynchronous orbit, on geo-synchronous orbit, and on sun-synchro
nous orbit, and so they are classified into the category different from 0ICETS and L
ETS vhose target is mainiy both demonstration of mission technology(refer to Table2-
l) and development of low-cost and short turn-around-t ime platform(bus system).

Common feature of 0ICDTS and LETS bus system is to use worn-out technology as much
as possible in order to shorten development period.

Table3-2 shows outl ine of systcm and subsystem type of 500kg-class satel l i te.

xl )DTS-3, DTS-5
DTS is abbrebiation of Dngineering Test Satelite. ETS-3 was launched in '82, ETS-
5 in '88.

x2)[|os- I
i l |OS is abbrebiation of Marine 0bservation Satcl l i te. M0S-l was launched in'8?
fi rs t.

X3)OICETS

0ICDTS is abbrcbiation of 0ptical Intersatellite Communications Dngineering Test
Satel l i te.  I t  is  launched in '98.

X4)LETS

LDTS is abbrebiation of Lidar Dngineering Test Satellite. It is under pre-phase A,
its launch date not determined.
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4. LETS System

Table4-l shows the result of pre-phase A study, in which r,e study trYo type of LETS,

one is launched by J-l and another is launched by ll-2(double launch).

H-2(double launch) can give a l i t t le more resource to LDTS mission than J-l single

launch.

5. Conclusion

l{e will start the phase A study of LETS soon, on the base of the result of the lotv

cost and short turn-around-time 500kg-class satellite bus that we have reserched

since the f irst satel l i te, 0ICETS. In the phase A study rr,e tvi l l  study feasibi l i ty

of LETS for t l-2(double launch) in detai l ,  though we don't give up that for J-l  single

launch.
Last fiscal year when studying LDTS for J-l single launch we could get a good co-

operation with TOSHIBA CORP0RATI0N, especially in paranetric study about distribu-

tion of weight, power, communication and so on, between mission and bus. lfe vould

like to express our thanks to T0StllllA C0RP0RATI0N.

Tablel-l  Comparison of Two Type of Small Satellite of NASDA

I tem 50kg-class smal l  satel l i te 500kg-class smal l  satel le

Way of

Cost Cut

Down

Use of Civi l  I 'arts
Handmade by a Few illember
Shorten Operational Period

Use of lYorn-out Technology and Com
ponent.

Shorten 0perational Period

Turn-
Around-
Time

About Two Years at Most About Four Years
Shortcn Phase B/C

Feature
of Bus
System

Gravity Gradient
S-Band(lJus) /Y - or U-l land(Mission)

3-Axis Stabi l ized
S-lland as DT 0R Spacenet
X-Band as DT

Launch
Vehicle

H-2 Piggy Back J-l Single Launch

H-2 Double Launch

Example

of

[ | ission

Demons lration of Advanced Technolo
gy of Parts and Component Mainly

in progress

System and Subsystem of Mission Eq

uipment Mainly

OICETS OR LETS
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Technology to be Demonstration

Communication Darth Observation [|echanism 0thers(lnclude Bus)

Phased Array Annte
na
0ptical Communicat
ion
tl igh Density Solid
il|emory

Interferometer
LIDAR(Alt imeter &
Scattrometer)
Ozone Moni tor

Robotic Arm
Anntena Deployment
Mechanism
Inflatablc Paddle
Tether Mechanism
Soft Docking Mecha
nism

Battery
Small Cooler
Electr ical Propulsio
n System
Control System Using
Ct|G
Monitor of Space Env
ironment

Table2- I Classification of Technology Demonstration Mission

Table3-l  Example of 500kg― Class Satellite

TableS-2 Major Feature of System and Subsystem

ITEM ETS-3 . ETS-5 ‖OS-1 OICETS LETS Eヽ-6 ADEOS

WEIGHT(kg)
０
０ 550(BOL)

ワ
ー 550 1900(30L)

ｎ
υ

ｎ
υ

０
０

POWER(w)
０
０ 640

０
０

０
０

ワ
ー

α
υ

ORBIT    h

1

1000km

45deg

GE0 909km

99deg

ｍ

　

ｇ

ｋ

　

ｅ

５

　

３

500km

40deg

GEO 800km

98deg

PAYROAD(%)

EFFICIENCY
α
υ

０
乙

α
Ｕ

０
４

И
ｔ

V/W RAT10 0.004 0.004 0.006 0.003 0.003 0.005 0。006

System 3-Axis stabil ized earlh orien
ted.
Ilox Type Central Structure

SPS&

EPS

Ttto Dxtendable Solar Array(Rieid)
Ni[|tl Battery
50v non-stabii ized bus-voltage

C&DH S-band(USB). Data Bus or enco

der/decoder. Solid il|emory

TCS Passive control(heater { Radiater)

RCS Mono-propel lant ( Hydrazine).
Blor' dorn Feed. lN ThrusterAOCS Sun/Earth sensor I IRU

Onboard computer & Autonomous
Fault Torelant Function STR Panel or Panel―flame(A1/Al H.C。)
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ITEM J- l  Single H-2 Double

Injection
0rbi t

h=500km  l=40deg (Direct) About h=300km i=30dee (TBD)

0rbit Transfer Needed

Atti tude on
Seperation

spin(120rpm max) Non―stabilized

}|ax Dimension
on Launch

I.4nd x 2m(cyl inder sect ion)
l, .4nd x l .  3m(cone section)

3.7nd x 2. 8m(cyi inder section)
3. 7m d x 4. 4m(cone section)

Target 0rbit the same as Injection 0rbit about h=500km-600km i=30deg
(TBD. Depending on Injection

brbit)

Teieht Total : 550ke
mission : l5Okg

Total : 800kg(TBD)
mission : 200kg-250kg(TBD)

Generalized
Power(BOL)Under l.5kw 0ver 2ky

Capacity of

Communication

0. 6?}|bi t/day
use only USB

2.SGbit/day
if X-Band can be boarded

Table4-l Result of Pre-Phase A Studv
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Way 01 Technology Demonstration in Space

一
　

　

　

一

ｇ

　

　

ｇ

ｋ

　

　

ｋ

ｌ
ｕＣ

＾
ヽ
υ

ｍ
０

０

へ
ヽ
υ

σ
δ

ｌ

Ｌ

∩

Ｕ

Ｄ
ｆ

Ｖ
Ａ

Ｆ
Ｌ

,Small Launch Vehicle

=Re―Entry Ca,sule

:Space Stalion

０
０ｍ

０
０

∩
Ｕ

Ｍ

ｎ
＝

Ａ
υ

ｍ
ｎ
リ

ハ
υ

Ｆ
ｒｍＶ

Ｊ

ハ
ヽ
Ｖ

Ａ
ヽ
υ

ｌ
ｕ

ｎ
リ

,L0ng 0perat  ionhl  Per iod Comparat ively

,Low Cost

,Shor t  Turn-Around-Time

-70-



ComparisonBetween50k -c l i tss and 500k -c I  a s s

5Okg-class smAl l  satel l i te 50Okg-class smal l  satel le

l{ay of
Cost Cut
Down

Use of  Civ i l  Parts
llandmade by a Feu llember
Shorten 0perational Period

Use of l{orn-out Technology and Com
ponent.

Shorten 0perational Period

About Two Years at l lost About Four Years
Shorten Phase B/C

Gravi ty Gradient
S-Band(Bus)/Y- or U-Band0t ission)

3-Axis Stabi l ized
S-Band as DT 0R Spacenet
X-Band as DT

l l-2 Piggy Back J- l  Single Launch
ll-2 Double Launch

Dxample
of

l l ission

Demonstration of Advanced Technolo
gy of Parts and Component ltainly
in progress

System and Subsystem of ll ission Dq
uipment llainly
OICETS OR LDTS

Classi f  icat ion 0f  Technolo Demonstrat Misslon

1, Communicat ion

'Phased Array Anntena
,0pt ica I  Communicat ion

'High Densi ty Sol id Memory

2.Earth 0bserbat ion
, lnterferometer

,0zone Monitor

'LIDAR
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Classi  f  icat ion 0f  Technology Demonstrat ion Mission (Cont '  )

3,Mechanism
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Malor Feature 01 salell System & Subsystem

Example 01 500kg―class Salellite OI NASDA

Sys tern 3-Axis stabi l ized carth or ien
ted.
I lox l 'ype Central Structure

SPS&

EPS

l tvo l ixtendable Solar Array(l i igicl)
Nilrlll Battery
50v non-stabi l ized bus-vol  tage

C&l)‖ S-band(USll) .  Data lJus or enco
der/decoder.  Sol id l lemory

TCS Passive conLrol( l reater * l ladial-cr:)

ltCS l lono-propel lant( i lydrazine).
Blow down Feed. lN Thrus terAOCS Sun/liarth sensor I IllU

0nboard compu ter & Autonomous
Farult TorelanL Function STlt Pancl or Panel―flame(A1/Al ‖.C.)

ITEll ETS-3 ETS-5 MOS-1 OICETS LETS Eヽ-6 ADEOS

WEICHT(kg) 550(30L) 750 550 1900(BOL) 3500

POWER(lv) 1080 ′
■ 1300 1300 5800 6700

ORBIT    h

1

1000km

45deg

GEO 909km
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35deg

500km

40deg

GEO 800km

98deg

PAYROAD(%)

EFFICIENCY
Ｏ
ι

Ｏ
ι

‘
９

０
ι

α
υ

′
仕

V/1y RAT10 0.004 0.004 0.006 0.003 0.003 0.005 0.006

-73-



ETS-3(EnttineerinR Test Satellite-3)
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Result O I Pre―Phase A Study Oi LETS(Cont')
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Resu11 01 Ａ
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