Paper AAS 05-479

THE BRAZILIAN SATELLITE PROGRAM —A SURVEY

ljar M. Fonseca' and Peter M. Bainum?

The Brazilian space program cregtion dates from 1961. From tha
time up to now the country has taken actions towards the human
resource development to work in the space area, has built a strong
infradtructure to test and integrate sadlites, and has accomplished
the devdopment and launching of two smdl low eath orbit (LEO)
data collection satelites The man gods of the Brazilian space
progran were edablished in a proect cdled the Brazilian
Complete Space Misson (MECB) in 1980. The Brazlian Nationd
Inditute for Space Research (INPE — Indituto Naciond de
Pexquisss Egpecias) has pursued those gods for dmost 4
decades). Presently the INPE Brazilian space program is under the
coordination of the Brazilian Space Agency (AEB). The INPE
Higory will be dways linked to the Brazilian Space Program snce
it was under this Inditute coordination and execution that the
program dated and accomplished the launching of the Brazlian
sadlites. This paper gives an oveview about the Brazlian
Complete Misson (MECB) with main focus on the Data collection
and sdentific Sadlites developed and launched under the INPE
coordingion. Also the paper enhances mainly aspects of space
mechanics and control features of the sadlite desgns. The lessons
learned during the devdopment of both the SCD-1 and SCD-2
sadlites saved as a drong gquide for the sadlites under
devdopment a INPE, presently under the coordingtion of the
AEB. The result of the past experience provided the country with
cgpakiility and a reasonable maturity to develop spacecreft.

INTRODUCTION

On August 03 1961, Jnio Quadros, then Brazil's presdent, created the GOCNAE
(The Organizing Group of the Nationd Commisson for Space Adtivities) under the
coordination of the CNPg (Naiond Council for Technologicd Research) in order to
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provide the country with the infrastructure necessary for the exploration of outer space.
The GOCNAE became known shortly by CNAE (Nationd Commisson for Space
Activities). The group activities gave hirth to the Space Research Inditute that in 1971
came to be the Nationd Inditute for Space Research, INPE. Initidly the activities
devdoped a& INPE involved research areas rdlated to space and atmospheric sciences.
The activities expanded and evolved to space applications aress, manly remote sensing
and meteorology, and space technology devdopment, in paticular sadlites and the
ground asociated sysems. The Brazilian initigtives towards space gained a new impulse
by 1979 with the cregtion of the Brazilian Complete Space Misson (MECB). INPE
comprises now vaious research inditutes The Brazilian space activities compose just
one of them. Presently those space activities are formalized in the MECB2,

The motivation that pushed Brazil towards the space conquest involves the
country’s continental area. with large regions covered by immense extenson of ran forest
(mogt of the Amazon region is indde Brazil’s territory), large regions stroked by large
periods without ran and with serious socid problems rdated to Sckness and poverty.
Large regions sparsdy inhabited and with a very week infresructure regarding roads and
enagy to support locd indugrid development. In contrast the South and the South East
regions of the country involve dates that, if taken separatdly, would be as wel deveoped
and advanced as the world's most developed countries. The diversty and large Sze of a
land of contrasts>*. The premises that guided the country towards space include the fact
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Figure 1 The 14-bis Plane—Brazilian Alberto Santos Dumont Flight: The First Heavier-than-air
Officially Recognized Flight, Eur ope, 1906

that soace could provide better knowledge of dl the different regions and could help
planning and controlling agriculturd  activities, the deforesation, and the weather
prediction. In addition, the use of sadlites could provide the country with better and
effident tdecommunication sysdems Furthermore, the Brazilian wide teritory provides
an excdlent place to devdop a sadlite launch base, very dose to the equatorid line.



Another dory that brings about Brazil in space is the fact that the Brazilians have
demondrated throughout History a drong tendency to participate in the human effort
toward the development in aerogpace, as it was in Paris, 1906, with the Brazilian Alberto
Santos Dumont 14-bis flight, the first heavier-than-air controlled arcraft flight'® (Figure
1). Presently the country confirms that tendency by being among those countries that
conquered soace not only with INPE's remarkable presence in space, but dso with
EMBRAER, the Brazilian arcraft company tha is recognized in dl of the world by the
quaity and excdlence of the arcraft it produces The gpace conquest invaving an
environment without amosphere and embedded in a microgravity environment is a
Higory the country is helping to write. INPE's excdlent reputation in the space aea is
recognized by mogt of the best inditutions and organizations rdaed to space in the
world.

However, to get into space would require coordinated and planned actions before
accomplishing the gods of geting thee Thee was a long way aead snce tha
beginning in 1961. The country had to inves on infrastructure to support, integrate and
test spacecrafts, on human resource development to work in the space area, on Software
sysem devdopment to smulate, predict and control orbit and dtitude among other
chdlenges. Regarding human resource development the country edtablished a doctord
progran supported by CNPg, CAPES, and FAPESP for space research subjects.
Hundreds of gudents have been sent abroad (USA, Canada, Germany, French, Japan, and
England) to get ther Ph.D. or Doctorate degrees in Flight Mechanics or other space
relaed arees. Many of those sudents became leaders in human resource preparation in
the country’s univerdties and research inditutes and dso were engaged in the space
program developments. It is worthy to note that the Brazilian space program effort
towards space counted on the contribution of many scientists and space area pecidists
from different countries of the world. Sometimes they contributed by coming to INPE for
conferences, short courses and traning people (Madcolm Shugter then from APL, Peaea
M. Banum from Howard Universty, Bernd Scheeffer from DLR, Ramon de Paula from
NASA Headquaters, Luc Frature and R. Munch from ESA-ESOC, Mikhal Pivovarov
and Alexander Sukhanov from IKI, Moscow and many others). Others came and stayed
in the inditute for some time (from months to years) through joint space projects and/or
as vigting reseerchers. The foundetion of the Brazilian space program has been built on
the bass of effort, perdgence idedian, internaiond cooperation, and a pesceful
relationship with countries from different politicdl and economic regimes, with different
higory and rdigions. The gspace joint programdectivities with the USA, Ching, Russa
Japan, France, Canada, India, and Germany among others are examples of the country’s
cgpability to manage to work with many different people around the world.

MECB —THE BRAZILIAN COMPLETE SPACE MISSION

The scope, the main objectives and directions of the Brazilian space program
were esablished in a project cdled the Brazlian Complete Space Misson (MECB)'2.
The proect was agoproved in 1979. The MECB initidly involved dvilian (INPE) and
military inditutions (Minidry of Aeronautics) separatdy. These inditutions were, for the
cvilian dde, the Secretary of Science and Technology. This secretary was replaced by



the Minigry of Science and Technology. In this context the INPE space ssgment was
directly under tha Minidry until the last year (2004). Presently the Brazilian Space
Agency (AEB) is respongble for the whole Brazilian space program coordination and the
INPE space program is under AEB supervison.  Regading the militay sde of the
Brazilian space program, the Minidry of Aeronautics is dill responsble for the Sadlite
Vehide Launcher (VLS and the sadlite launching base developments. However, these
programs aso are now under the AEB coordingtion. The main gods dated in the MECB
are the desgn, devdopment, launching and operation of two smdl low Eath orbit (LEO)
Data Collection satdlites (SCDs — Sadlites de Coleta de Dados), and two remote sensing
satellites (SSRs - Sadites de Sensoriamento Remoto)°. The space program indudes the
ground fadlities a laboratory for satelite integration and tests, and the design,
condruction and implementation of a launching base center a Alcantara (CLA — Centro
de Lancamento de Alcantara, located at 2°17' S, 44°23 W, in the State of Maranh&o).
The main MECB objectives can be summarized as
1 To devdop human resources and related infragtructure SO as to support space
activitiesin Braail;
2. Tocdl for partnership with industry in the task of developing space technologies,
3. To devdop sadlites with agpplications rdated to pecific Brazilian needs (incduding
those of interest to low-latitude regions worldwide);
4. Toarange for Brazl to participate in internationa goace programs
The MECB has been extended dong the years to indude other saelites and programs
auch as the Scentific Satellites Program. Also the Brazilian space program includes the
Brezil-China joint Eath Resource Satelites (CBERS — China Brazil Eath Resource
Sadlite) program.

This paper deds only with sadlite programs. However, there is another sde of
the dory of the Brazilian space program, involving much more difficulties the activities
to accomplish the god of devdoping the Brazilian Sadlite Launch Vehide (VLS). This
pat of the Brazlian space program is dill under way. The VLS devdopment has been
characterized by failures that caused the loss of some sadlites and human lives. The lagt
accident with the VLS an unexpected ignition, caused the desth of 21 people among
engineers and techniciansin addition to the satdllite mission loss.

THE DATA COLLECTION SATELLITES (SCDs SERIES - HISTORY,
DEVELOPMENT, AND LAUNCHING

The SCD-1, the fird of the SCDs series, was the greatest chdlenge the Brazilian
managers, engineers, and researchers faced to put the country into the space club. During
the sadlite devdopment its concept has changed from a gravity-gradient to a spin
dabilized configuration. During the firg phase of the satdlite project the INPE engineers
and reseachas went through the gravity gradient dabilization theory and
implementation. The fird sadlite configuration is illudrated in Figure 2. The spacecraft
gravity-gradient  dtabilized  configuration  required  complicated  dynamics  andyds
invalving a flexible in-orbit deployable 10 meters long boom with 3 Kg tip mass When
the gabilization technique was changed to the spin Sabilization other chalenges had to
be overcome such as the definition, design, and development of a nutation damper”®.



Figure 2 SCD-1 Crawvity Cradient Stabilization Configmration

From the point of view of atitude and orbit dynamics and control the project involved
mathematicd modding, smulations and the condruction and tests of the nutation damper
using an ar beaing table to vdidae the computer programs and the damper
performance. Then the satdlite had to emerge from papers to the LIT® for integration and
tets. The SCD-1 project gave birth to some mader's dissartations and even doctord
programs, and several papers®?®.  Figure 3 shows the SCD-1 test a LIT, the integration

Figure 3 5CD-1 Test at the INPE’s Integration and Test Laboratory, LIT



and test laboratory. The SCD-1 was launched on February 09, 1993 by the Orbitd
Science Corporation Pegasus rocket, from Horida, USA. The Pegasus rocket
consolideted the posshility to launch successfully smdl satelites from a smdl rocket
releesed from an arcraft. Thell0 Kg sadlite was injected into a 760 km LEO for a
collecting data misson. At a 13 Km dtitude the rocket was rdeased in a free fdl for five
seconds. Then the rocket was ignited Twelve years passed and the SCD-1 is 4ill in
operaion. The predicted lifeime was much less than twelve years (just one year!). This is
another dtory that some engineers and researchers in the inditute use to tell to enhance
that the best engineering procedures were the guiddines for the project development.

Some curious facts are associaed with this long lifetime. For example, prediction
dudies dated that the SCD-1 spin rate would drop in one year to a leve that would make
the spacecraft lose its spin Stabilization feature. However, the redity has shown that the
$in rate, ater dropping from120 to about 50 rpm sopped dropping or entered in a very
dow decay process It will not be because of spin decay that SCD-1 will die Maybe the
bettery will dop the SCD-1 heat beeting some time in the near future. Meanwhile the
saelite continues collecting data from data collection plaforms (PCDs — Plaaformas de
coleta de dados). The PCDs ae smdl automaed ground dations usudly Stuated in
remote dtes of very difficult access. Data acquired by the PCDs are tranamitted to the
satellites that relay them to INPE ground daions located in Cuidbd and Alcantara From
these ddions, the data are then tranderred to the Misson Center, in Cachoeira Paulista,
for processng and immediae didribution to the users. Fgure 4 illudrates the data flux
from Eath to the sadlite and then backs to ground. Data dready processed are adso
available on Internet for registered users.

The SCD-1 sadlite is a data collection satdllite with the following cheracteridtics:

Shape: octagond base prism

Dimenson: 1Im diameter, 1 m height

Mass 110 Kg

Power: 110W

Structure: Aluminum honeycomb pands
Sahilization: soin, 120 rpm (passive Sabilization)
Thermd Contral: Passve

Data Callection Trangponder on UHF/S bands

. TT&C on Shand

10. Solar CdlIsExperiment

11. Orhit: drcular, 750Km dtitude, 25 degrees of indination
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Figure 4 Data Collection Satellite and Collection Plaiforms

The SCD-1 is spin dablized in dtitude (120 rpm just after the orbit injection). The
acecraft has the shape of an octagond prism. All of the satdlite faces, except one, are
covered by solar cdls The sadlite therma control subsystem uses the uncovered face
for heat disspation purposes. Because of this the direct incidence of solar light on that
face is prohibited. The illumination of that face could cause thermd problems and then
damage the satdlite equipment. One form to guarantee the non illumingtion of that dde
would be by kesping the solar agpect angle smdler than 90°. A satdlite thermd andyss
paformed just &fter the satdlite launching reveded that the criticd hedting of the
payload would happen in case the solar aspect angle reached vaues less than 60°.
Congdering these results the imposed requirement on the solar aspect angle was st to be
gregter than 60 degrees and an dlowable angular variaion became tolerable in the range
from 60° to 90°. As a conseguence of this range redriction the SCC (Sadlite Control
Center) is required to command a $pin axis maneuver whenever the angle gpproaches one
of those angle boundaries. The criticd configuration is determined through the SCD-1
dtitude determination process. The control actuation is produced by adtivaing, via
tdecommand, the ACS magnetic coil which, by interaction with the Eath’'s magnetic
field, produces the necessary torque to reorient the vehide spin axis Also the ACS
comprises a patidly filled ring nutation damper to correct any nutation motion imparted
to the sadlite by the rocket separation system or any other dtitude disturbance. Attitude
determination is achieved from solar sensors and one magnetometer.

Electricd power is generaed by eight rectangular laterd faces of the satdlites
octagond shape and one octagond top solar aray, comprised by slicon cells. One power



conditioning unit (PCU) recaives and didributes the generated power to dl the sadlite
ubsygems. A Nickel-cadmium battery dtores energy for SCD-1 operdtion during edipse
The excess power generated is disspated on two shunt disspaters located on the bottom
pand. One DC/AC conveter and one power didribution unit complete the subsystem
equipment.

Two computers compose the onboard supervison subsysem. This sysem dlows
for the dterdtion of the remote <oftwae from the ground s that remote
reprogramming/correction  is possble The sysem configuration dlows time-tagged
commands and dored tdemetry for trangmisson when under coverage from the ground
daions. INPE has devdoped a control sysem named SICS (Satdlite Control System) in
order to contral the in-orbit firsd Brazilian satelite (SCD-1) launched in February 1993.
When in orbit, sadlites need to be monitored and controlled by the Ground so that they
could execute the sarvices they are designed for. The Tdemetry Tracking and Command
(TT&C) Ground Segment operation and maintenance as wel as the sadlite operdion in
orbit are done by the Tracking and Control Center (CRC) of INPE. The CRC?* is
composed by the Satelite Control Center and the Cuigba and Alcantara Stations. The
Sadlite Tracking and Control Center operations are peaformed on the man campus a
S20 Jost do Campos and a the regiond fadlities in Cuidba-MT and AlcantaraMA. The
TT&C dations are the interface between the satdlites and the Saelite Control Center.
They ae equipped with parabolic antennas and Radio Frequency equipment to tranamit
satdlite tdecommands generated in the Sadlite Control Center and to recave the
tdemetry data from the satdlites and send them to the Sadlite Control Center. The
connection between the Cuiaba and Alcantara TT&C daions and the Sadlite Control
Center is provided by a privdle data communications network. The SCD-1 is dill

operating.
THE SECOND DATA COLLECTION SATELLITE, SCD-2

The second of the SCDs, the SCD-2, was launched successfully on October 1998
by another Pegasus rocket, dso from Horida, USA. This time the arcraft was a L-1011
and the Pegasus rocket had been attached to the “bely” of the arcraft insead of being
atached on a wing as it was for the SCD-1 launching. Figure 5 shows the pre-launching
arcraft-Pegasus configuration. The SCD-2 is vary dmilar to the SCD-1 in many aspects,
except for some improvement incorporated to the project. One very important
characteridic of the SCD-2 is that most of the on-board equipments were desgned and
devdoped a INPE or by the Brazlian indudry. Table 1 shows some properties of both
the SCD-1 and SCD-2.



Figure 5 Pegasus Under the L-1011 Aircrafi

TABLE 1
SCD-1 & SCD- 2 SATELLITES
Satellite Properties SCD-1 SCD-2
Lifetime 1 yr., 75% reliability 2 yrs., 65% reliability
Nationalization index 73% 85%
Cost (US$ millions) 19 11
Spin rate 120 rpm (passive control) 34 rpm (active control)
Payload Onboard computer Onboard computer
Solar cell experiment Solar cell experiment
Reaction wheel
Spin axis orientation Variable Always normal to the
Sun

The SCD-2 gpacecraft caries a payload expeiment, a non-flywhed reaction
whed, for future gpplicaion to 3-axis sadlite dabilizetion. SCD-2 differs from SCD-1
for induding a second magnetic torque coil to control the spin rate, keeping it between 32
and 36 rpm.

The second environmenta Data Collection sadlite developed by INPE, the SCD-
2, was launched on October 22, 1998, by the Ameican launcher Pegasus a vehide
gmilar to which inserted in orbit the SCD-1. The arplane L-1011 transporting Pegasus
with the SCD-2, took off from Cape Canavad AF Base, Horida a 21:05 (Brazl locd
time). Over the Atlantic, 57 minutes after the teke off, the launcher Pegasus with the
SCD-2 wes released from the arplane. The ignition of the firs stage happened 5 seconds
ater the rdease of the rocket. Exactly at 22:12:57 (about 11 minutes after the ignition),
the separation between the sadlite and the launcher last Stage occurred, which
successfully ended the orbit insartion of the SCD-2. Approximady 12 seconds after the
separation between the satdlite and the launcher third stage, the SCD-2 entered into the
coverage the region of Alcantara ground dation. The ground dation immediady
acquired the satelite sgnd, which indicaed that the sadlite housskesping trangmitter
that should be ectivated automaticdly during the separaion was successfully activated.
The recaved tdemetry indicaed that the sadlite did not present any working problem.
The SCD-2 orbit injection occurred with a high degree of fiddity to the desgned orbit.



The satdlite was injected into an orbit quite dose to the nomind one, as can be verified
by comparing the vaues of the nomind and actud parameters, which are presented in the
Table 2. The gpplication of the flight dynamics procedures followed a routine very
amilar to the one followed for the SCD-1.

TABLE 2
NOMINAL AND ACTUAL ORBIT ELEMENTS OF THE SCD-2 SATELLITE

Orbit Element Nominal value Actual value
Semi-major axis (m) 7133893 7128550
Eccentricity 0.000756 0.000023
Inclination ( °) 24.987 25.001
Right ascension of the ascending |219.912 219.774
node (°)
Argument of perigee (°) 348.543 291.050
Mean anomaly (°) 124.478 183.595
Injection time (Brazil local time) 23/10/1998 23/10/1998

22:12:01.12 22:12:57

Two additiond condraints were imposad on the SCD-2 orbit concaning its
rdive podtioning with SCD-1. Both satellites peform 14 orbits every 24 hours. Due to
the 25° indination of the orbit plane rddive to the Equator, only 8 orbits are visble to
the Cuiaba ground dation range. In this way, in 24 hours there is a time intervd
corresponding to 6 orbits (gpproximately 10 hours) during which there ae no SCD-2
pases over Cuiaba Taking this into account, the orbit parameters of the SCD-2 was
chosen in a such way that its cycdes of sequentid passes over Cuiaba are complementary
to the ones of the SCD-1. During the periods in which there are no passes of ae of the
satellites then, there are passes of the other one. Besides, the SCD-2 were spaced from the
SCD-1 in the orbit in such a way tha a pass of one satdlite will only happen some time
after the pass of the other. It was verified that both condraints were perfectly respected in
the launching. Concerning the satellite atitude after the orbit injection, it was very close
to the nominad. The mog redrictive attitude condraint to be respected, was that the sun
light could not directly reach the upper and lower satdlite faces with an incidence angle
greter than 10°. This means that the sun aspect angle, directly messured by the sun
sensors, shdl be mantaned between 80° and 100°. The sun sensor messurements
indicated that, after the SCD-2 orbit injection, this angle was of 90.3°, quite close
therefore to the ided vaue of 90°. Currently, more than two years after launch, dl the
SCD-2 subsystems present a thoroughly satisfactory performance. Differently from the
SCD-1, the SCD-2 has an autonomous sydem for soin rae control, by magnetic
actudion. This sydsem mantains the sadlite spin rae between 32 and 36rpm. The
Attitude Control Subsystem showed a vey satidactory overdl performance during the
entire SCD-2 operdtion period. Thanks to the execution, by tdecommands, of soin axis
manewvers, the sun aspect angle was confined to its nomind variaion range, rigoroudy
respecting the imposed condraints  Concerning the sadlite dtitude after the orbit



injection, it was veary dose to the nomind. The most redrictive attitude condraint to be
satisfied was that the sun light should not directly reech the upper and lower sadlite
faces with an incidence angle greater than 10°. This means that the sun aspect angle,
directly measured by the sun sensors, shdl be mantained between 80° and 100°. The sun
sensor measurements indicated thet, after the SCD-2 orbit injection, this agle was of
90.3°, quite close therefore to the ided vaue of 90°.

There was a third SCD satelite, cdled SCD-2A. This sadlite gory involves the other
sde of the MECB: the sadlite vehide launcher (VLS —Veiculo Lancador de Sadites)
devdopment. The SCD-2A was a dmplified verson of the SCD-2 and was used to test
and qudify the VLS, the fird Brazlian sadlite lancher. Unfortunately one of the
laterd boogters did not ignite and the VLS had to be destroyed. This was jugt one of three
launcher fallures that led to the collgpse of other space missons SACB and SACI-2. One
of the accidents hgppened recently and caused the death of 21 people among them
enginears that had worked for years in the launch vehicde devdopment. A summary of
the SCDsisshown intable 3.

TABLE 3
SUMMARY OF THE STATUS OF THE SCDs

Satellite Date Launch | Remarks
SCD-1 09.02.1993 I?’regasu In orbit
SCD-2 23.10.1998 Iiegasu In orbit

S
SCD-2A 02.11.1997 VLS Mission failed

THE SCIENTIFIC SATELLITES — SACISsSERIESAND EQUARS

The stientific application sadlites devdopments are pat of the PNAE decennid
program for the period of 1996-2007. According to the PNAE subprogram that comprise
the sdientific satdllites the objective is the devdlopment of smdl low cost satelites for
dhort time missons which offer to the academic community the means to accomplish
meitorious sdentific expaiments. In addition these sadlite missons are supposad to
cregte opportunities for the involvement of new groups from Brazlian universties into
the space activities. Furthermore it is desrable that the scientific satdlites programs be
developed within an internationa cooperdtion to increese the scientific and technologica
interchange. Also stientific sadlites shdl sarve as a means to tet new concepts and
olutions under limited risk conditions. According to these guiddines two smdl scientific
satdlites beonging to the SACIs (Scentific Application Sadlites) sies have been
developed, the SACI-1 and SACI-2.



The SACI-1 Mission

The sadlite hes been developed by following the philosophy of being amdler,
chesper, and better. The sdientific application sadlite (SACI-1)*?" is a 60 Kg smdll
sadlite carrying experiments for scientific purposes a 750 Km dtitude polar orbit. The
sadlite caries four scientific payloads in order to invedigate plasma bubbles in the
geomagnetic fidd, argow, and anomadous cosmic radiation fluxes. It dso caries vaious
plaform technology devedopments. The spacecrait has four deployable pands. The
ground segment comprises two main stations, and user ground Data Collection getions.
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Figure 6 SACI-1 In-orhit Configuration

The atitude contrd combines passve spin dabilization with active geomagnetic
atitude control. The man task of the Attitude Control Subsysem (ACS) is to maneuver
the vehicle to point its solar pand towards the Sun; to execute the satdlite spin up; to
keep the attitude and spin rate cose to the nomind specifications during the satdlite
lifetime. The sadlite utilized by a piggyback launching by the Long LM-4B Chinese
rocket (on the 14th October 1999) from the Tayuan launch ste. The sadlite was placed
intoa 732 x 747 km sun-synchronous orbit together with the joint Chinese and Brazilian
remote sengng sadlite as the primary payload. The sadlite has been devdoped a
INPE and, congdently with the PNAE recommendations the project involved
universties and international  cooperation.  Unfortunately a falure into the sadlite
communication sysem resulted in the misson loss The sadlite has been insarted in the
correct orbit. However, the ground dations never received a sgnd from the saelite. The
in-orbit configuration is shown in Fgure 6.

NORAD has confirmed the sadlite in the correct orbit and that the solar pands
have been deployed. This means that & least for some time the onboard computer worked
dgnce the lar aray deployment was under the onboard computer command. The fully
autonomous sadlite could not recaelve any remote command from the ground dation.
The misson loss has been followed by an audit & INPE. However, the cause of the
misson failure has never been darified.



The SACI-2 Mission

This is ancther gory of falure The saelite was to be launched by the VLS2
However the rocket second dtage faled to ignite and the sadlite has been logt. The
SACI-2 configuration was quite different from the SACI-1. It was a hat shaped spacecraft
a shown in Hgure 7. However the ACS subsystem was smilar to that of the SACI-1
The purposes of the SACI-2 misson were stientific and Data Collection. Unfortunatdy it
could not cary out these experiments (The same as those of SACI-1. ORCAS (Solar and
Anomdous Cosmic Rays Obsavation in the Magnetosphere), PLASMEX (Sudy of
Pasma Bubbles, F TOEX (Airglow Photometer), and MAGNEX (Geomagnetic
Experiment)) to implement the scientific dde of the misson. As a Daa Collection
sadlite SACI-2 would have collect environmenta data like temperature, ar humidity,
wind direction, and amospheric pressure from ground platforms located dl over the
Brazilian's territory and retrangmit them to a Control Center located in Sdo Paulo where
the data would be processed. SACI-28-30 was a 85 kg low Eath orbit (LEO) sadlite
combining passve dabilization procedure with active geomagnetic dtitude control. The

Figure 7 SACL2, Deploved Arms Configuration

centrd body of the satelite was like a cube and the solar aray was like a hat brim. For
practica purposes the solar array was designed and made as rigid as possble so that the
goacecraft would be injected into its orbit in that configuration (Fgure 7, Inorbit
configuration). It means that no solar pand deployment operation would be necessary.
On the other hand the spacecraft was comprised of four mechanica arms that would be
deployed in orbit. The man application of the ams was to kegp the sensors away from
the sadlite dectronics. Furthermore the deployed configuration of the arms tagether with
the solar array would guarantee the mgjor axis rule for spin sabilizetion.



Figure 8 SATEC, the Technological Application Satellite, Destroyed by the VLS Accident in 2003

After the SACI-2 loss the SACI sries has been discontinued. Another attempt to
use the VLS resdlted in the third accident. Again the problem was ignition (this time an
unexpected ignition) and caused the rocket to burn on the launching pad. The accident
causss 21 desths, among technicians and enginears. Table 4 shows the launch falures
that characterize the atemptsto vdidate the Brazilian VLS.
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TABLE 4

SUMMARY OF VLS LAUNCHES
Launchings Date Payload Comments
Nov 02 1997 SCD-2a Failure: one 1-stage motor filed
Dec 1999 SACI-2 Failure: second stage failed to ignite
SATEC Burned on the launch pad before
UNOSAT launch on Aug 22 2003. 21 people
were killed. A strap-on booster ignited
prematurely and destroyed the rocket
and the launch pad.

The third accident caused two gpacecraft losses, the SATEC and the UNOSAT
(developed by undergraduate dudents) satdlites SATEC was a technologicd sadlite
planned to test the technologicd equipment embarked in the VLS. The SATEC was a 60
Kg box shgped (66 X 61 cm) satdlite to orbit a 750 Km dtitude The spacecraft is shown
in Fgure 8 The satdlite should have tested four technologica systems on board:

1 abattery,

2. aPCU (Power Conditioning Unit),

3. arecaver (globd pogtioning sysem)

a high frequency tranamitter.

The satdlite dructure, the battery, the PCU and tranamitter have been developed a INPE;
the sola pands and the GPS have been devdoped in partnership with nationd
companies. SATEC was destroyed in a prelaunch burning of the boogster two days before
the planned launch, in 2003.

The UNOSAT was a dudent built nanosatdlite composed of a FM  trangmitter,
batteries, 4 solar panels, antenna, and a computer. The satdlite was to transmit in regular
intervas a message of voice and one packet of telemetry. The following data was to be
transmitted:

&

Tedemetry

Temperature of the solar pands

Temperatures of two reloadable batteries

Temperature of the transmitter and computer voltage of the batteries

. Centripetd acceleration

The satellite had a mass of 883 kg ard was 46 cm by 25 cm by 85 cm smdl. The
nanosatdlite was destroyed in the prelaunch VLS exploson. The UNOSAT design hes
hed the AEB support and the test had been done at LIT. Figure Qillusrates UNOSAT.

o wnN -



-

Figure 9 The UNOSAT Ready for Tesis at LIT, INPE

The Equars Scientific Misson

The misson can be summaized as globd scde monitoring of the Eath's
equatorid low, middle and upper amosphere and ionosphere. The main objective is to
dudy the dynamica, photochemicd and ionospheric processes in the eguatorid low,

/ K

] L%

Figure 10 EQUARS Artistic Iustration



middle and upper amosphere, with specid emphess on veticd enegy transport,
propagation of gravity, tidd and planday scde waves and the generaion and
devdopment of plasma bubbles in the ionosphere. The sdentific indruments to fly
onboard of the EQUARS ae shown in Table 5 which illusrates the internaiond
cooperdtion with Jgpan, Canada, and USA. Fgure 10 illudrates the sadlite with the solar
array deployed configuration.

TABLE 5
SCIENTIFIC INSTRUMENTS TO FLY ONBOARD OF THE EQUARS
Experiment | Instrument Institution Observation parameters
GPS-IGOR | GPS receiver Univ. Kioto, Water vapor
Japan Total Electron Content
GWIM Airglow imager UWO, Canada | Airglow and Gravity
waves
MLTM Temperature imager USO, USA Mesopause temperature
ALIS Sprite imager INPE, Brazil Lightening and Sprites
IONEX HFC, LP, ETP INPE, Brazil Plasma density and
Sensors Electron temperature
ELISA Electrostatic energy INPE, Brazil Low energy electron flux
analyzer
CERTO Beacon transmitter NRL, USA lonospheric irregularities
Electron content
Scintillations
APEX Particle detector INPE and USP, | High energy alfa
Brazil Proton and electronic in
NASA and magnosphere
NRL, USA
RIOKEN,
Japan

The following parameters have been defined as a dating point for both scentific and
enginesring purposes

1. Orbit: Equatorid, withinclination 20+ 2 degrees/
2. Altitude 700 — 800 km (LEO),

3. Totd mass 130kg,

4. Availadle volume for Payload: 60 x 70 x 30 cm,
5. Attitude Control: active 3 axis control.

6. Podtion knowledge: +- 1 km (39gma)

7. Pointing: Nadir

8. Pointing knowledge: 0.05 deg. (3 5gma)

9. Stahility: 0.015 deg/sec.

10. Power Availableto the Payload : 30 W
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11. Memory available to the payload: 800 Mbits’24 hours

The Attitude and Orbit Control Subsysem (AOCS) provides attitude control in a three

axis debilized mode and on-board orbit propagation®’. The AOCS subsystem dso

performs on-board orbit determination from GPS pogtion data, when avalable from GPS
payload ingrument. This subsysem includes the AOCS software, which runs on the On

Board Computer (OBC), and dl of the sensors and actuators that are needed to maintain

control in dl modes

The EQUARS spacecraft (S'C) operating modes are:

1. OFF: Thesadliteis completey un-powered.

2. Launch: This mode corresponds to the launch phasse when powering is permitted
during launch, and as an intemediate mode for teting the integrated sadlite on
ground. This mode is achieved by the removd of the POWER ON drgp from the
umbilical connector. In this mode the SC is ade to receive commands to proceed to
AIT, OFF or Safe Modes and to deploy the solar pands in case of falure of the
corregponding automatism.

3. AIT (Assambly Integration an Tedting): This mode is used on ground, for tesing the
integrated satellite. Trangtion to this mode is done by command from Launch Mode.

4. Safe Mode The Sdfe operaing mode shdl place the SC automaticdly in a dable
sdfe condition, pointing the solar pand to the Sun and the ingruments boresght and
batery face awvay from the Sun, with minima power consumption, and capable of
recaving commands. This mode is used for initid Sun acquigtion (which indudes
the deployment of the solar pands and turn ON of the trangmitter), and in
contingency Studions, dter automdic detection of anomdies, while remedid action
is sought. Trangtion to this mode from Launch Mode is done by ether the removd of
the Separation Strgp or by ground command.

5. Attitude Acquigtion Mode This is an intemediste mode, from Safe mode to
Nomind operaion mode. At the end of this phase, the SC shdl be pointed to Nadir.
In this mode the Payload eguipment shdl be OFF. This mode is achieved from
Launch Mode by ground command.

6. Nomind Mode In this mode achieved from Attitude Acquistion Mode by ground
command, dl SC eguipment, induding Peyload, ae in thar find opeding
corfiguration. The SC shdl be pointed to Nadir, and full pointing peformance is

The trandtion from the Safe mode to other opeaion modes dhdl be done via

tdecommand only. Trandtion to S&fe Mode from Nomind or Acgquistion Modes dhdl

occur in cae of anomdies detected by ether the AOCS or OBDH (On Board Data

Handling) subsysems.  All on-board operations during Sun and Earth attitude acquistion

phase shdl be peaformed automaticdly. The mode trangtion is illudrated in the diagram

shown in Fgure 11. The EQUARS shdl be launched by 2007.
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Figure 11 EQUARS Transition Moaodes Diagram

THE MIRAX MISSION PROPOSAL

The MIRAX (Monitor e Imageador de Raios-X), is an X-ray adronomy satellite
misson proposed by the high energy agtrophysics group a INPE to the Brazlian Space
Agency. MIRAX is to involve an internationd collaboration that includes, besdes INPE,

Figure 12 MIRAX Artistic Dustration



the Universty of Cdifornia San Diego, the Univarsty of Tuebingen in Germany, the
Massachusdtts Inditute of Technology and the Space Research Organization Netherlands.
The MIRAX payload is being planned to have two identicadl hard X-ray cameras (10 -200
keV) and one soft X-ray camera (228 keV), both with angular resolution of ~ 56
acmin. The badc objective of MIRAX is to cary out continuous broadband imaging
goectroscopy  obsarvations of a large source sample (~ 9 monthslyr) in the centrd
Gdactic plane region. This will dlow the detection, locdization, possble identification,
and spectrd/tempord dudy of the entire history of transent phenomena to be caried out
in one sngle misson. MIRAX will have sngdtivities of ~ 5 mCrab/day in the 2-10 keV
band (~2 times better then the All Sky Monitor on Ross X-ray Timing Explorer) and 2.6
mCrab/day in the 10-100 keV band (~40 times better than the Eath Occultation
technique of the Bursg and Trangent Source Expeiment on the Compton Gamma-Ray
Obsarvatory). The MIRAX spacecraft will weigh about 200 kg and is expected to be
launched in a low-dtitude (~ 600 km) crcular eguatorid orbit around 2007/2008. Fgure
12isan atidicillugration of MIRAX.

MIRAX Scientific Objectives

The man sdentific gods of MIRAX ae based on a unique cgpability of the
misson: continuous viewing (et least for 9 months) of a rich region of Xray sources. The
fully coded fidd-of-view (FCFOV) for the hard X-ray imager will be 39° x & (58° x 26°
FWHM), centered on the Gdactic Center and with the longer axis digned with the
Gdattic Pane. The Gdactic Plane This will not only provide an unprecedented
monitoring of the X-ray <sky through smultaneous spectrd observations of a lage
number of sources, but will dso dlow the detection, locdization, possble identification,
and spectrd/tempord dudy of the entire history of transent phenomena to be caried out
in one snge misson. MIRAX will have sengtivities of < 5 mCrab/day in the 2-10 keV
band (~2 times better than the All Sky Monitor on RXTE) and 2.6 mCra/day in the 10-
100 keV band (~40 times better than the Eath Occultation technique of the Burs and
Trangent Source Experiment on the Compton Gamma Ray Obsarvatory).

THE MAPSAR MISS ON PROPOSAL

The MAPSAR (MultrApplication Purpose SAR - Synthetic Aperture Rada)® is
a Brazlian-Gaman misson proposal for a light and innovative L-band SAR  sensor,
based on INPE's Mult-Misson Paform - PMM (500 kg dass spacecraft). The man
objectives of MAPSAR ae the assessment, management, and monitoring of naturd
resources. The mission is currently under investigetion by INPE and DLR in a phase A
sudy as a follow up of a preceding successful pre-phase A study. The phase A sudy is
planned to be finished by the end of 2005. The key componet of the SAR ingrument is
the SAR antenna (edliptical parabolic reflector antenna). L-band (high spetid resolution,
quad-pol) has been sdected for the SAR sensor as optimum frequency accounting for the
mgority of Brazilian and German user requirements. The MAPSAR misson is talored to
optimaly support the potentid user groups in both countries taking into account the
present daus of current and planed SAR  spaceborne programs, which should be
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Figure 13 MAPSAR Satellite In- Orhit Configuration

complemented by the specid misson characterigics of MAPSAR. The MAPSAR
concept philosophy requires the satdlite to combine bdow cogt and shorter schedule with
high rdigbility. Hgure 13 illudraes the sadlite in-orbit configuration. The MAPSAR
mass budget is shown in Table 6.

TABLE 6
MAPSAR MASS BUDGET

Sub-System Mass (Kg)
Mechanical Structure 30.0
Thermal Control 04.0
Radar Sensor & Data Acquition 193.36
Total Mass 270.0
Specified Mass 280.0
Nominal Margin +9.9

THE CHINA BRAZIL EARTH RESOURCE SATELLITE (CBERS) PROGRAM

The governments of Brazl and China sgned in July 6th, 1988 a patnership
agreement between INPE and CAST (Chinese Academy of Space Technology) for the



devdopment of two advanced remote sensing sadlites named CBERS Program (China
Brazil Eath Resources Sadlite®®. By joining financd and technologicd resources
between Brazil and China in an investment larger than US$ 300 millions, a sysem of
slit individud responghbilities (30% Brazlian and 70% Chines®) was st up, aming a
the inddlation of a complete remote sensng sydem a an intenationd levd. The

CBERS Program envisaged a its beginning only two remote sensng sadlites CBERS-1
and 2.

Figure 14 CBERS-1 and the SACI-1 Piggvhack Satellite Launching firom TLSC, China

The success of CBERS-1and CBERS2 launches by the Long March 4B launcher
and the perfect operation of the sadlites generated immediate effects Both governments
decided to expand the initid agreement by including another two sadlites of the same
kind, CBERS3 and CBERS4, as the second dage of the Sino Brazilian cooperation
effort.

The CBERS family of remote sendng sadlites brought sgnificant scientific
advances to Brazil. The SACI-1 micro satdlite developed a INPE was launched as a
piggyback payload together with the CBERS1l. The CBERS1 launching occurred on
October 14, 1999, a 1.15 A.M. (Bradlia locd time), aboard the Long March 4B rocket,
from the Tayuan Sadlite Launch Center (TSLC), China The sadlite was placed in a
polar orbit of 98° inclingtion with respect to the Equator. The launching illudration is

shown in Fgure 14. The successful launch of CBERS2 sadlite occurred on Oct 21,
2003.



The CBERS1 and CBERS2 images are used for deforestation and fires control
in the Amazon region and for monitoring of hydrologicd resources agriculturd  aress,
urban growth and ground occupetion.

Thanks to the CBERS program, Brazil acquired the capability of operaing large
sadlites of a complexity much larger than tha of the Daa Collection Sadlites (SCDs
family). A large dep was taken in the qudification of Brazilian technicd and research
personnd. The Tracking and Control Center (CRC — Centro de Redtreio e Controle) is
reponsble for CBERS satdlite operation. Its infragtructure is composed by the Satdlite
Control Center (CCS — Centro de Controle de Satdlites), located a INPE in S8o José dos
Campos (Figure 15), and by the ground dations o Cuidba (MT), shown in Fgure 16 and
Alcantara (MA).

Figure 15 Satellite Conirol Center, INPE

The CBERS sadlite is composed of two modules The payload module houses the
opticd sysem (CCD - High Rexdlution CCD Cameras, IRMSS - InfraRed Multispectrd
Scanner e WFI - Wide Field Imager) and the éectronic system used for Earth observation
and Data Collection.

Figure 16 Antennas of Cuiahi Data Reception and Recording Station



The sarvice module incorporates the equipment that ensures the power supply, control,
telecommunications and dl other functions needed for the sadlite operation. A CBERS
detaled view is illudraed in Fgure 17. The 1100 W of dectricd power needed to
operate the onboard equipment are obtained through solar panes that are deployed when
the stdliteisin orbit and continuoudy oriented towards the sun by automatic contraol.

In order to provide the gringent pointing accuracy needed by the sensor systems
that will take high resolution images from a digance of aout 800 km, the satdlite is
equipped with a sendtive attitude control sysem, complemented by a st of hydrazine
thrusers which are ds0 usad in the eventud sadlite orbit correction maneuvers. The
internal data used to monitor the sadlite hedth ae collected and processed by a
digributed computer sysem before being transmitted to the Eath. An active and passve
themd ocontrol sysem provides the appropriate environment for operdtion of the
sophidticated onboard equipment.

The CBERS poa orbit is sun-synchronous and the dtitude is 778 km. The
satellite completes about 14 revolutions per day. The locd solar time a the equator
cossng is dways 1030 AM. providing the same solar illumination conditions for
comparing images. It takes 26 days for the sadlite to revigt the same Eath location.
This is the time necessxy to imege the entire Eath with the CCD and the IRMSS
cameras. CBERS caries on a WH camera. By usng this camera, which is able to teke
images 890 km wide, the required time for globd coverage is 5 days. The satdlite man
featuresare shownin Table 7.
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Figure 17 CHERS Detailed View
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TABLE 7
CBERS MAIN FEATURES

CBERS main features

Mass/Size 1450Kg / 2.0x8.3x3,3(m), solar panel deployed
Solar array size 6.3x2.6m
Stabilization 3-axis
Lifetime 2 years
Altitude / Orbit inclination 778 Km/ 985°
CONCLUSION

This paper presented a survey of the Brazilian saelites. The Brazilian space
progran dated in 1961. Since the 1980's the space program is being conducted
according to the MECB, the Brazilian Complete Space Misson. This program establishes
the objectives of the devdopment of four sadlites devdopment induding the launching
cgpabilities and ground facllities (integration and test laboratory — LIT and a tracking
antenna system) to ted, integrale, communicate with, and operate the sadlites. Two
satelites have been launched and operate successfully in orbit up to date (SCD-1 ad
SCD-2). Three satellites have been log. One of them, launched as a piggyback sadlite
by the Long March 4B, a Chinee rocket, is 4ill in orbit. However, the misson was logt
because of a falure probably in the spacecraft communication sysem or the onboard
computer. The others spacecraft (SCD-2A, SACI-2) were logt because of two launching
falures (VLS ignition falures). The VLS third accident caused the dedtruction of one
gopliction sadlite (SATEC), and one gudent nanosatdlite, the UNOSAT. This lagt
accident dso caused 21 desths among engineers and technicians.  Currently one satellite,
the EQUARS is in devdopment and two others, the MIRAX and the MAPSAR are under
dudies a INPE. The paper dso presents the Brazil China joint sadlite program that
dready has accomplished the launching of the CBERS1 and CBERS2 (China Brazl
Earth Resource Satdllites). These satellites are operating successfully in orhbit.

REFERENCES

1 Dias ¥, O. P “An Oveview of the MECB Program”, ABCM-J. of the Braz. Soc.
Mechanica Sciences, Vol. XVI, Specid Issue, 1994, pp. 3-9

2. Caled, A. B. “The MECB Sadlite Program’, VI JgpanBrazil Symposum on
Scienceand Technology, Val. 11, 1988, pp 99-102

3. Badide, Roger Brasil: terra de contrastes, S2o Paulo, Difd, 1959

4. Lambert, Jaques, Os dois brasis Companhia ed. naciond, SP, 1980

5. Vilares Henrique Dumont - Quem deu asas ao homem Ind. Naciond do Livro, Rio
de Jandro, 1957



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

http:/Aww.centennia offlight.gov/essay/Commercid_Avidion/france/ Tran21G1.htm

, accessed: 2005

Rios Neto, A. et d “A proposd for the atitude Determination of the MECB Remote
Senang Sadlite’, VI JgpanBrazil Symposum on Scence and Technology, Val. I,
1988, p. 165-169

Fonseca, 1.M. and Ribeiro, JF.  “On the Dynamics and Control of the Fire Brazilian
remote sendng satellite, Proceedings of the Firg ESA Internationd  Conference’,
ESTEC Noordwijk, The Netherlands, 47 June, 1991, ESA SP-323

Fonseca, |.M.; Ribdro, JF. “The Fra Braziian Remote Senang Sadlite —
Dynamics and Control Study”, PACAM 111, 4-8 January, 1993, p. 507-510

Fonseca, I. M and  Souza, P. N.  “Patidly Flled Viscous Ring Nutation Damper
Dynamics Andyss and Expeimenta Approach for Modding Vdidation™. In: XVII
Internationd  Symposum on Space Technology and Scence, 1990, Kagoshima
Proceedings of the XVII Internationa Symposum on Space Technology and Science.
Kagoshima, 1990

Fonseca, |. M. and Souza P. N. “Movimento Rotaciond de um Corpo Rigido Dotado
de um Amortecedor de Nutacdo Anular Viscoso — Abordagem Tedrica e
Experimentd”, ABCM- Anas XCOBEM, 58 dezembro, Rio de Janero, Bradl,
1989, p. 597-600

De Olivara Lino, C. and Pedra Solano, C.  “The LIT-Integration and Test
Laboratory Conception Dedicated to Smdl Saelites Programs’, 4" International
Symposum on Smdl Sadlite Sysems, September 14-18, AntibesJuan Les Pins,
France, 1998

Fonseca Lopes, R. V; Orlando, V.; Kuga H.K. and Guedes, U.T.V. “Attitude
Determination of the Brazilian Sadlitee SCD1’, RBCM - J of the Braz. Soc.
Mechanica Sciences, Vol. XVI, Spedid Issue, 1994, p. 11-23

Carara, V. and Guedes U.T.V. “Attitude Control for the SCD1 and SCD2’, RBCM -
J. of the Braz. Soc. Mechanicd Sciences, Vol. XVI, Specid Issue, p. 83-87

Kono, J. and Santana, CE.; SCD1: “One Year in Orbit’”, RBCM - J. of the Braz. Soc.
Mechanicd Sciences, Vol. XVI, Specid Issue, 1994, p. 96-101

Yamaguti, W.; Ribero, EA, Becceneri, JC. and Itami, SN. “Cdllection and
Trement of the Environmentd Daa with the Brazilian Sadlite SCD1”, RBCM - J.
of the Braz. Soc. Mechanicd Sciences, Vol. XV, Spedid Issue, 1994, p. 205211

Ambroso, AM. and Kuga H.K. GAN: “An Automaied Sysem for Acquiston and
Tracking of Sadlites by Ground Sation”, RBCM - J. of the Braz. Soc. Mechanica
Sciences, Val. XVI, Spedid Issue, 1994, 248253

Orlando V., Rozenfdd P, Miguez, RRB. and Fonseca, |.M. “Brazlian Dda
Collecting Sadlite Smulator”, 18" Intemationd Symposum on Space Technology
and Science, Kagoshima, Japan, 1992

Kuga, HK. and Kondgpdli, RR. SCD1 “Orbit Determination Sysem: Pre-Launch
Preparation”, LEOP Peformance and Routine Operations, RBCM - J. of the Braz.
Soc. Mechanica Sciences, Vol. XVI, Specid I1ssue, 1994, p. 472-477

Kuga HK. and Kondgpdli, RR.  “Andyss, Teding and Assessment of the OD
Sysem for the Firg Brazlian Sadlite’, 3" Intenationd Symposium on Spacecraft
Dynamics, Darmgtadt, Germany, 30 Sept-04 Oct, 1991, ESA SP-326, p. 149-153




21.

22.

23.

24.

25.

26.

27.

28.

29.

3L

32

Kuga HK. and Kondgodli, RR.  “Sadlite Orbit Determingtion: A Hrd-hand
Experience with the First Brazilian Saelite’, SCD1, 44" Internationd Astronautical
Congress of the Internationd Adronauticd Federation, |IAF, Graz, Audria, 16-22
Oct. 1993, Paper IAF-93-A 543

Alonso, JD.D.; De Pala A.R; Cdiman, JC. and Ariss R.  “The Onboard
Computer Software for the Firs Brazilian Sadlite’, VI JgpanBrazl Symposum on
Science and Technology, Val. 111, 1988, p. 165-169

Rozenfdd, P. “Operdiond Traning for the Misson Operdions a the Brazlian
Nationd Ingitute of Space Research (INPE)’, 2"¢ Internationd Symposium on
Ground Data Sygems for Space Misson Operations, SPACEOPS92, Pasadena, CA,
USA, November 16-20, 1992, p. 667-671

Rozenfeld, P.; Orlando, V.; Schneider, EM. “Overview of INPE's Saelite Tracking
and Control Center and Man Agpects of its Debut in Satellite Operations’, RBCM -
J. of the Braz. Soc. Mechanicd Sciences, Vol. XVI, Specid I1ssue, 1994, p. 421-425

Fonseca, |. M.; Souza, P. N.; Neri, J. F. C,; Guedes U. T. V., “Attitude dynamics and
control of the brazlian sdentific goplication sadlite — SACI-1". I ESA
International Conference On Spacecraft, Guidance Navigation and Control Systems
3., Noordwijk, Nov. 1996. Proceedings. Noordwijk, ESTEC, 1996, ESA SP-381

Nei, JA.CF, Dos Satos, W.A., Rabay, S, Fonseca, |M, e d; “The Brazlian
Sdentific Microstdlite SACI-17, Acta Astronautica, Vol. 30, No. 912, November-
December, 1996, 1SS\ 0094-5765.

Neri, JA.CF,; Rabay, S, Dos Santos, W.A.; De Souza, P.N.; Fonseca, |.M.; De
Paulla JXnior, AR, “Key Technologicd Solutions Towads The SACI-1
Microsadlite Desgn”, Proceedings of the Tenth Annud AIAA/USU Conference on
Smdl Sadlites, September 1996

Fonseca, .M. “On the Attitude Dynamics of the Second Brazilian Scentific Sadlite,
SAC-2", 50" Internationdl Adtronauticd Congress, Oct. 4 — Oct. 8, 1999,
Amgerdam, The Netherlands, paper 1AF-99-A.3.01

Fonseca, |. M.; Santos, M. C. “ SACI-2 Attitude Control Subsysem”. In: O. Winter;
A. F. B. A. Prado. (Org.). Advances in Space Dynamics 3 Applications in
Adtronautics. 1 ed. Sdo José dos Campos, SP, 2002, p. 197-209.

. Fonseca, I. M.; Nei, J A. C. F. ; Ribaro, M. S “After-Separaion  Attitude

Dynamics of the Brazlian Sdentific Sadlite SACI-2”. Revida Breslera de
CiénciasMecénicas, S. P, v. 21, p. 156-163, 1999.

Fonseca, |. M.; Arantes I, G.; Banum, P. M.  “On the EQUARS Attitude Dynamics
and Contral, Internationd Adtronauticd Congress’, IAC 2004, Vancouwver, 55 th IAC
Find Papers. Vancouver: ZARM, 2004. v. CD I. p. 1-11.

Kono, J; Paaddla, W.R,; Quintino, M.M.; Vderiano, D.; Coda, M.P.F.; Schroder,
R.; RPuls, J; Hansk, I.; Jochim, F.; Neff, T. “MAPSAR: A New L-band Spaceborne
SAR Misson for Assessment and Monitoring of Terrestrid Natural Resources’. In:
Smpdsio Bradleiro de Sensoriamento Remoto, 11, 2003, Bdo Horizonte Anais, S8
Jos2 dos Campos INPE, 2003. pp. 1099-1106.

. http://mvwww.cbers.inpe.br/en/imprensalprincipd .htn accessed: 2005




