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1. INTRODUCTION AND SCOPE 

This document specifies the performance, design and construction 
requirements of the MECB - Si Data Collecting Satellite at system levei, and 
furnishes the baseline for the establishment of the performance, design and 
construction requirements of ali satellite subsystems. 

2. APPLICABLE AND REFERENCE DOCUMENTS  

2.1 - SPECTFICATION TREE 

The specification architecture of the Si spaceeraft is indicated 
in the specification tree of Figure 2.1.1. 

In case of conflict between the requirements of different 
documents the document with higher hierarchy áhall prevail. The levei of 
hierarchy is defined by the order of appearance in the specification tree. 

2.2 - APPL1CABLE DOCUMENTS  

- AD1 - Spacecraft to Launch Vehicle Interface Definition A-EIF-0001 

- AD2 - Spacecraft to Ground Interface Definition A-EIF-0002. 

In case of conflict between the requirements of this 
specification and those of AD1 and AD2, those Shall prevail. 

- AD3 Environmenta1 Specification AEAB-0001 

- AD4 Design and Construction Specification .A,ERC-0001 

- AD5 - Eleetromagnetic Compatibility Specification A-ECE-0001 

- AD6 Satellite Product Assurance Plan A,-GQL-0006 

- AD7 - Product Assurance for Subcontractors A-GQL-0007 

In case of conflict between the requirements of the AD3, AD4 
and AD5 and this specification, this specification áhall prevail. 

2.3 - REFERENCE DOCUMENTS  

- Data Collecting Satellite System Specification A-ETC-0001 

- Plano de Desenvolvimento e Teste dos Satélites de Coleta de Dados 
A-GRC-0010. 
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3. REQUIREMENTS 

3.1 - SYSTEM DEFMNITION 

The general architecture of the Data Collecting Satellite System 
is defined in A-ETC-0001. The present specification concerns itself with the 

I spacecraft containing the payload composed of. a Data Collecting Platform 
(PCD) transponder. 

3.1.1 - MISSION OF THE SPACFCRAFT  

The MECB Program's Si spaceeraft is an experimental low Earth 
orbit satellite for real time reception and retransmission of data on the 
environment. The satellite will fly in a nominally circular orbit inclined 

o  about 25 with respect to the Earth's equatorial plane. at an average altitude 
near750km. During the passes visible from the Cuiabá trecking station, any 
Data Collecting Tiatform (PCD) within the coverage angle of the satellite 
payload antennas will have its UHF sinal relgyed by the satellite, In S-band. 
Up to 500 PCDs can be set up to operate In the experiment, at arbitrary 
locations over Brazil. 

The spacecraft will be equipped with an onboard supervision 
subsystem which comprises a computer 2nd a telemetry encoder. The computer 
will acquIre, process and store data during so-called "experimental" 
operatiné modes, and can substitute for the real time telemetry encoder as 
well as distribute telecommands that are not to be executed in real time. It 
is part of the Si mission, to fliéht qualify the computer. 

The attitude stabilization of the spaceeraft is achieved through 
the use of the rotation imparted to the last stage-spacecraft assembly. The 
attitude control subsystem is equipped with a magnetic torque coil to effect 
emergency and end-of-life manoeuvers. It is part of the Si mission to flight 
qualify the manoeuver procedures. 

The spacecraft will transmit house-keeping data in addition to 
receiving inlecommands such as to validate the design, integration and test 
methods developed and to operate the ground segnent. 

3.1.2 - SYSTEM DFSCRIPTION 

The satellite will be spin stabilized by the rotation imparted 
by the upper stages of the launcher prior to separation. Thus the natellite 
will maintain an inertial attitude during the flight; the attitude with 
respect to any tracking station will bc continuously changing. In arder to 
allow for the effect of this varying attitude on communication with the ground, 
the satellite will carrry antennas for its housekeeping and payload 
connunications on its top as well as on its bottompanr_le(top and bottom refer 
to the launch configuration). This antenna arrangement shall provide nearly 
omnidirectional radioelectric coverage for the housekeeping or service 
telecommunications and for the payload communications downlink. The UHF 

INPE. 11 
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receiving antennas (payload uplink) áhall provide at least 50% coverage 
for the data collecting experiment. 

To fUlfill Lhe mission objectives Lhe spacecraft is composed 
of Lhe following seven subsystems together with the payload: 

1. Structure 

2. Thermal Contrai 

3. Power Supply 

4. Attitude Contrai 

5. Onboard Supervision 

6, TMTC 

7. Electrical Integration. 

The Shape of Lhe spacecraft mechanical structure is a right 
octogonal prism whose base fits within a lm diameter circle. The main 
structural element is the central cylinder which supports the horizontal 
paneis. Lateral paneis covered with solar cells are attached to the horizontal 
paneis. 

The thermal contrai of Lhe spacecraft is achieved using only 
passive means. Since ali satellite surfaces but one are covered with solar 
cells, the ways to obtain thermal control are: selective painting of the 
interior surfaces and electronic boxes, use of insulation blankets, disposal 
of the excess heat through the bottam panei, and contrai of conduction heat 
paths. 

The electronic equipments in the spacecraft are connected as 
shown in Figure 3.1.2.1, and have the following features: 

The TMTC subsystem is responsible for Lhe housekeeping telemetry, 
telecommand and ranging. It provides ESAstandard S-band telecommunication 
between the ground segment and the satellite. The spacecraft command is 
performed through the cross-strapped systems in which the two receiver outputs 
drive redundant decoders. Telemetry information is provided by a Pulse Code 
Modulation (PCM) system. Redundant TM encoders modulate either of two 
telemetry transmitters via a cross-strap switch. The tranemitter outputs are 
fed to two communication antennas located On Lhe top and bottom panels of the 
spacecraft, thus forming a quasi-omnidirectional radio frequency coverage, 
so that communications are assured in all phases throughout the satellite life. 
The TMTC subsystem employs the verified S-band concept where a single RF carne 
is used in each direction of transmission. The up-link and down-link carrier 
frequencies are relatedbythe ecact ratio 221/240 and the latter carrier is 
gene rated from the former by means of a coherent transponder which relays to 
ground the received signal modulated by the ranging tones thus allowing the 

determination of the distance from the satellite to the tracking station. 
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The sunlight iiluminated spacecraft receives primery electrical 
power from its solar array. The launch window is chosen such that the solar 
aspect angle is always between O°  and 90°. A nickel-cadmium 7Ah battery 
supplies secondary electrical power to the spacecraft via a discharge 
controller. In order to increase the battery life use is mede of a charge 
regulator that limita the chargc current of the battery and allows charge 
only to 1/7 of its capacity. DC/DC convertera will transform the main bus 
voltage into the secondary regulated bus yoltages. A power distribution 
unit routes electrical power to the subsystems under telecommand action. 

Sun and magnetic sensors are included for attitude determination. 
Mágnetic and optical data are utilized on ground to estimate Une satellite 
attitude. The attitude control subsystem is equipped with a magnetic torque 
coil for use during emergency and end-of-lifemanoeuvers, This torque coil, 
when energized produces a magnetic torque which, under the action of the 
earth magnetic field, causes a torque that changes the satellite attitude. 

The onboard supervision subsystem comprises a computer and a 
telemetry encoder. Its purpose is to acquire, proeess and store data from thè 
various subsystems during the experimental stand-by mode, for later trans. -misd. 
to thetracking station. The computer can substitute for the real time 
telemetry encoder, and can also distribute telecommands that are not to be 
executed in real time. 

In the block diagram of Figure 3.1.2.1 the telemetry and 
command lines are indicated. Ali telametry signals are routed to the TM 
encoder which connects these data, at the same time, to the computer's UPD/C. 
A previously selected transmitterwill transmit the telemetry signa' coming 
from the encoder or the computer, as required. The two receivers are 
penmanently turned on and both receive signals from the two antennas. The 
received command sub-carrier is demodulated and decoded in the TC decoder 
which also distributes the direct command signals. The TC decoder feeds a 
control signal to the computer to load its memory and to contrai its 
telemetry and caummdcapabilities. The DCP payload subsystem works with 
its own UHF receive and S-band transmit antennas. 

3.1.3 - MISSION PHASES  

The Si spacecraft will be launched by the IAE's VLS from 
Alcântara, Maranhão. The complete mission is divided in six phases: 

I 3.1.3.1 - COUNT-DOWN PHASE 

This phase starts five days before the scheduled launch time, 
and corresponda, in the launch chronology to the closing of the shroud. 
During this phase the spacecraft will be powered and will undergo system 
testa via umbilical connector. At lift-off the umbilical previding externai 
power is disconnected and transfer is mede to internai battery power. At 
this moment only Lhe receivers and the telecommand decoder and the telemetry 

encoder will be powered. The count-down phase ends at lift-off. 

114PE 11 
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3.1.3.2- IAUNCH PHASE  

This phase lasts appreximately 11 minutes and covers the Ume 
peried from lift-off until separation. The satellite receivers, telemetry 
encoder and TC decoder will remam n powered. The aerodynamic fairing is 
jettisoned at about 100 seconds from lift-off at an altitude of 95 Km when 
the spacecraft begins to receiver solar power. The satellite/launch vehicle 
separation indication is provided by the action of a device located at the 
launcher interface, which turns on the spaeecraft telemetry transmitter. A 
telecommand shall be provided to override the action of the separation 
device in case it malfunctions. 

3.1.3.3- ACQUISITION PHASE  

This phase is divided in two sub-phasese 

a) Orbit Aequisitien Sub-phase 

During this sdb-phase the orbit of the satellite will bc 
determined such that when it comes into visibility of the Cuiába tracking 
station after the sixth orbit, the station antenna can be pointed to an 
aecuracy better than ± 0.5 °  in azimuth and elevation. This sub-phase will 
last for the complete duration of the first seven consecutive orbits and will 
end when the satellite enters the 5° elevation visibility circle of the 
Cuiabá tracking station. The receivers, the TC decoder, the telemetry 
transmitter and the telemetry encoder will be powered for the whole duration 
of the orbit acquisition sub-phsse. The satellite will provide range and 
range rate data when operated accordingly by the netwoek of tracking stations 
which will support the orbit acquisition súb-phase. 

b) Attitude Acquisition Sdb-phase 

During this sub-phase the satellite attitude will be determined 
based on its magnetie and solar sensors data telemetered to the Cuiabá 
tracking station. The sub-phase starts when the satellite enters the 50 
elevation angle vísibility circle of the Cuiabá station in the eighth orbit ! 
when its sensors are telecemmanded cri, and ends when the satellite exits the I  
50 elevation angle visibility circle of the Cuiabá station at the end of the 
second complete set of 8 passes visible from Cuiábá, approximately 49,5 hours / 
after lift-off. The launch wíndow shall be such as to maximize the number of 
sunlit satellite passes during the atittude determinatien sub-phase, to allow 
useful sun sensor data. During the atittude determination sub-phase the 
satellite telemetry transmitter, telemetry encoder and sensors are 
telecommanded off whenever the satellite exits Lhe visibility cirele of Lhe 
Cuiabá station. The use of ranpe and ranpr rate dee ehell be medr nnly when 
the satellite is operated accordingly by the Cuiabá station. 
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3.1.3.4- ACCEPTANCE PHASE  

The aeceptance phase starts immediately after the attitude 
acquisition sáb-phase and lasts one month. During this phase the initial 
operation verification and the in-orbit tegts are effected. The relevant 
satellite equipments will be telecommanded on and off by the Cuiabá station 
whenever the satellite enters or exists the station's visibility circle, 
respectively. This phase is eompleted when it beeomes possible to make a 
flight verification of the quality of PCD data provided by the mission 
center. The onboard computer and data collecling payload will be operated 
for the first time during the acceptanee phase. 

3.1.3.5- ROUT1NE PHASE  

The routine phase starts immediately after the acceptance 
phase and lasts eleven months. During Unis phase the satellite will fulfil 
its mission objectives. The Cuiábá station will provide the telecommands for 
the required operating mede ehanges. 

This phase includes an attitude change sub-phase to be 
accompliáhed whenever the satellite attitude is unfavorable to the thermal 
control and the power supply subsystems. 

i 3.1.3.6- ATTITUDE CHANCE SUB-PHASE 

During this sub-phase the satellite magnetio torque coil 
will be energized to create the necessary torque to change the satellite 
spin axis attitude. The torque coil will remam n energized for a time 
corresponding to several orbits, as determined by the centrei center. bhen 
the manoeuver is complete, one set of passes will be utilized for 
determining the satellite attitude. During this sub-phase telemetries 
and telecommands will be throuéh the Cuiabá station only. 

3.1.4- OPERATING MODES  

At any instant in time the power status of the satellite 
equipments defines its operating mode. For each mission phase or 
sub-phase there are a number of possible operating modes of the satellite 
as shown in Táble 3.1.4.1, together with the function of each mede. 

Table 3.1.4.2 describes the powered equipments during eaeh 
operating mode. 

itiPIE 11 
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3.1.4.1 - LAUNCH  M)DE 
The launch mode will be used during launch and is characterized 

by having the 'IN roceivers, the TC decoder and the TM encoder powered. This 

mode is set on ground during the count-down phase. 
3.1.4.2 - STAND BY MODE 

T - is mode shall be employed in the following cases: 

a - As stand-by mode of the normal operation of the satellite when it is 

not in visibility of the Cuiabá traCking station. 

b - As a transition mode when changing the operating mode of the satellite 

The mode is characterized by the satellite having only the 
TMTC receivers and the TC decoder powered. 

1 3.1.4.3 - ORBIT DETERMINATION MODE 

This mode afiail be utilized only during the orbit acquisition 
sub-phase. It is charactcrized by the active power state of telemetry 
encoder, transmitter, and temperature sensors, together with the MMIIJ 
receivers and the TC decoder. 

i 3.1.4.4 - ATTTTUDE DETERMMATION MODE 

lhe satellite shall be commanded to this mude during the 
attitude acquisition sub-phase and whenever an attitude redefinition is 
necessary. Transition to this operating mode shall be done only through 
the Cuiabá tracking station. The powered equipments during this operating 
mode are the same as In the orbit detereljnation mode with the inclusion 
of the solar and magnetic sensors. 

1 3.1.4.5 - NORMAL OPERATION MODE 

This is the operating mode In which te satellíte will 
accomplish its data collecting mission. The mode will be used only when the 
satellite is in visibility of the Cuiabá tracking station. It is characterized 
by the active power state of the same equipments as in the attitude 
determination mode, with the inclusion of the data collecting transponder 
payload. This operating mede ahall be utilized for the first time during 
the acceptance phase. 

3.1.4.6 - EXPEREIENTAL OPERATION MODE  

The experimental operation mede áhall súbstitute for the normal 
operation mede in case the telemetry encoder malfunetions, or it shall be 
utilized to test Lhe onboard computer. Operation in this mede shall be only 
when in visibility of the Cuiába tracking station, and ali the satellite 
equipmcnts but the TM encoder and torque cai' are powered. 
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3.1.4.7- MANOEUVER MODE 

This operating mode is to be used emergencialy during the 
attitude acquisition sub-phase or to reposition the satcllite attitude 
during the attitude change sub-phase. The sane equipments as In the attitude 
determination mode are active, together with the torque coil. This mede 
shall be commanded only through the Cuiabá tracking staticn, and will be 
active only during the visible passes. 

3.1.4.8 - EXPERIMENTAL STAMD-BY ?ODE 

This mode corresponds to te stand-by of the experimental 
operation moda, when the satellite is out of visibility of the Culabá 
traeking station. During the experimental stand-by mode the telemPtry 
transmitter and the payload are turned off and the sensors and thermistors 
are commanded on or off by the onboard computer, as needed. 

3.1.4.9 - MANOEUVER STAND-BY MODE  

This mode corresponds to the stand-by of tne manoeuver mede, 
when the satellite is out of visibility of the Cuiabá tracking station. 
The equipments powered during this operating mode are the same as during 
the survie mede, with the addition of the torque coil. 

3.1.4.10- DEGRADED MODE 

A degraded mode is foreseen for emergeney situationz and the 
equipment power status during this operating mede is to be determined by 
proper analysis óf the emergency developed. 

3.1.5 - ORBIT DEFINITION  

The MECB Si spaceeraft will be launched by te IAE's launch 
vchie

o
le VLS from the Alcântara, Maranhão (longitude =-44.2 °, Latitude 

-;'.4, altitude =60m) launeh base CLA. 

The calculated satellite injection point is: 

- Latitude (0) O = 5.202°  

- Longitude (À) À --28.5580* 

and its orbit definition sháll tàke into account the follówing com!:raints: 

a) The injection point will have an altitude of 750n ± 50km. 

b) The injection angle error in Lhe plane of the crbit will have an 
uncertainty of ± 2.5 ° . 

e) 'lhe orbit inJ.inaLion wil be 25 c)  ± 1° . 

iSFL 
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d) The orbital lifetime under the worst possible solar condition will 
be greater than 1 year. 

The above constraints are summarized in 'rabie 3.1.5.1 which 
indicates the nominal and the maximaly disperscd orbital elements. 

TABLE 3.1.5.1  

SUMAM' OF ORBITAL ELEMENTS  
-- 

Nominal 
Value 

Value with 
dispersion 

Inelination 	(1) 

I 	 Sel,i-rjor axis 	(a) 

Eccentricity (e) 

I 	
Geographic asconding rede ( X) 

Argument of perigree (w ) 

Mean anomalv ( 1-1 ) 

ECcentric anocaly (E.) 

I Trilo anomaly ( u ) 

25° 	I- 1°  _. 

7128Km 	-I- 200Km _ 
O 	<.0424 

	

-39.8o 	 oo 

	

12.27 	 NA 

O 	 NA 

O 	 NA 

O 	 NA 

The spaceeraft shall have no orbit control ca,.^..& ,ility. 

I 	

For calculation purposes the follouing lirits shall be 

considered: 
Apogee : 700Km to 1100Em 	Perigee: 400Km to 800Km 

3.2 - SYSTEM REQUIREMENTS 

3,2.1 - SATELLITE ATTITUDE STAB1LIZATION AND DETERMTNATTCN 

The sapcecraft Shall be stàbilized by the launcher system 
during the phases from launch through spacecraft separation from the 
launch vehicle. The spacecraft shall be stabilized by its own passive 
means for ali subsequent mies:íon phases. A limited attitude manoeuvering 
capability ehall be provided through an oriboard torque coil, but the system 
design ehall be such as to minimize the probability of attitude control 
manceuver being required during the design 1ife of the satellite. 

The spacecraft attitude shall be spin stábilized through the 
mtntion imparted by the launch vehicie. ImmediaLcly after injection the 

1 spacecraft spin rate shall be 160 -± 2;) rpm 	and at Lhe ond of the 
satcllite lifetime, the spin rate shall not be lower than 2Orpm. 

The satellite attitude is defined as the orientation of its 
spin axis (z-axis) in aceordance with the s::Ae111te coordinate system 
described in A-EAR-0301. 
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The satellite shall he provided with an attitude control 
subsystem with the following functions: 

• To obtain a predictable and defined attitude behaviour in order to 
allow proper planning for satellite use and normal thenmal operation 
during the satellite nominal life. 

• To provide the sensor signals which will be transmitted Lo ground for 
the satellite attitude determination. 

• To conduct experimenta on satellite attitude control through the 'use 
of a magnetic torque coil for the -  spin axis orientation. 

In order to attain the above functions, the following 
requirements shall be met: 

a) the spacecraft Shall be cquipped with a nutation damper which Shall 
be ene to produce a nu -ation cone angle decay from 5°  to 1 °  in iess 
than 5 minutes; 

h) the spacecraft shall be equipped with Magnetometer and sun sensors 
to allow its attitude determination through data telemetered to thc: 
ground. The accuracy of the satellite attitude prediction shall be 
better than 

c) the spacecraft Shall be equipped with a torque coil capable of 
providing a positive or a negative magnetic moment along the 
spacecraft z-axis. 

3.2.2 - SATELLITE ATTITUDE DURI1I0 LIFE  

The satellite attitude during its nominal lifetime shall be 
such that the solar aspect angle with respect to its soin axis shall not 

o 
be greater than 90 • This attitude behavior shall be attained 	by 
the choice of the launch time, 	by the constraints impesed on the 
satellites residual magnetic moment, and by manoeuver through an onboard 
torque coil. 

The torque coil dimensioning shall be such as to allow an 
I attitude manoeuver of at least ±4°/day in declinaIion or richt ascention 

of the spin axis. The torque coil actuation time ance duration shan be 
determined prior to the manoeuver based on the desired resultant satellite 
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3.2.3 - PAYLOAD RELATED REQUIREMENTS 

The spacecraft Shall includc a communication payload subsystem 
to relay to earth the PCD data transmitted from the ground. 

The subsystem shall perform the following functions: 

a) Receive signals. from PCD's within the frequency band of 401.635 MHz 

30 kHz. 

b) Down-convert each PCD signal into frequency of 95 -± 30 kHz. 

c) Phase modulate one carrier with the converted 95 kHz band signals, 

mantaining the total modulation index constant. 

d) Transmit the modulated signal in the 2267.52 MHz_ band to the grbund station 

The payload shall be capable of simultaneous operation with 
the service telecommunication subsystem. 

The payload ahall operate only during the satellite passes 
which are visible from Une Cuiàbá data receiving station. 

The payload interface and performance requirements Shall be 
as in A-EIF-0002. 

3.2.4 - SERVICE TELEC :" 	REQUIRENENTS  

The spacecraft shall include service teleconnunications (TMTC) 
and onboard supervision (OBS) subsystems to provide telemetry, command and 
ranging functions during ali mission phases. The ESA standard for these 
communications shall be adopted. 

Ali active eleffents performing the real time TM, TC and 
ranging functions shall be redundant. A failure of the onboard computer 
shall not cause loss of real time TM and TC functions. 

Telemetry and telecommand functions shall be provided during 
spacecraft assembly, integration and test, ground check-out and during 
launch preparation via hard-line connection. 

3.2.4.1 - TELEMETRY REQUIREMENTS  

The following spacecraft information shall be availáble on 
the ground by selection of appropriate telemetry parameters: 
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- identification of the spacceraft operating mode 

-data of onboard sensors 

- house-keeping data necessary to ascertion the spacecraft operation 

- data for failure analysis for remediai actions from ground. 

The acquisition of telemetry data Shall be done in accordance 
with the interface requirements of A-ERC-0001 for the four types of 
telemetries to be provided: 

- analog(AN) 

- digital bi-level (BL) 

- digital serial (DS) 

- thermistors (TH). 

The OBS and TMTC subsystems shall be capáble of processing 
as a minimum 64 AN, 64 BL, 1 DS and 32 TH telemetries. 

The telemetry data format shall be suitable for the transmission 
of ali TM data and shall include spaceeraft identífication, in accordance with 
the spacecraft to ground interface definition AEIF-0002. 

Different types of TM formats will be used for messages 
generated by Lhe TM encoder (real time telemetry format) or by the onboard 
computer ( OBC telemetry fonmat), but both TM formats shall use the frame 
structure presented in A-EIF-0002. 

The format generated by Lhe TM encoder shall consist of only o 
128 byte frame containing real time telemetry data. The format generated by 
the onboard computer will consist of six frames. The first frame of the 
OBC 	telemetry format shall contain real time data and shall use the same 
data structure as Lhe real time telemetry format. The remaining frames of the 
OBC 	format contains stored TM data, acquired along the satellite orbits 
and OBS house keeping data. 

The telemetry format to be transmitted to ground shall be 
selected by direct command. 

The telemetry transmission shall be done in accordanee with 
A-E1F -0002. 

3.2.4.2 - TELrEC :=J REQUIRFMENTS  

The TMTC and OBS subsystems áhall provide ali necessary 
commands to control or changc the operating mode of the satellite in ali 

I mission phases. The spacecraft shall not depend ou the on—board computar 

for the routing of commands in an operational basis. 

INPE 11 
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The essential command actuations on the satellite shall be done 
by the TC dccoder (direct commands) using up to 64 high-level pulses, in 
aceordance with the interface specifications of A-ERC-000l. Some non-
-essential command actuations :In a maximum number or eight are done by the 
on-board computer (normal commands). 

The command reception shall be done in accordanee with the 
specifications of A-EIF-0002. 

The TC decoder áhall accept telecommand frames coded in 

I accordance with A-EIF-0002. Two addresses and sychronizaLion words (05D9 
and 05E2) shall be used, to address cach redundant section of the TC decoder. 

3.2.4.3 RANGING REWIREMENTS  

The TMTC subsystems shall be able to reIay to the ground 
rangíng tones in accordance with the requirements A-EIF-0002. 

The main TMTC subsystem performance requirements for the 
ranging function are: 

- the transponder shall be of coherent type with a turn around frequency 
ratio of 240/221; 

- the transponder shall contam n an AGC in the ranging channel to 
maintain the rms sum of the major tone, any minor tone, residual TC 
and any noise, constant; 

- the phase delay of the 100kHz major tone shall be known and ánall be 
constant to within -± 7Ons over the full range of doppler, input levei, 
temperature, voltage and lifetime; 

- the phase distortion introduced by the transponder between the 
highest and lowest range tones Shal1 not exceed t 5 0  of the highest 
tone; 

- a positive phase shift of the range tones on the uplink shall give 
rise to a positive phase áhift on the downlink; 

- the relaying of range tones shall be possible in both non-coherent 
and coherent medes. 

3. 2 . 5 - ELECTRICAL ARCI TITECTURE 

The electrical architecture of the spacecraft shall take into 
account: 

IMPE 44 
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- the electrical power supply for ali equipments 

- the necessary connections of command, telemetry and contro] Unes 
between equipments 

- the layout of the satellite to favor sensitive units and to minimize 
cabling 

- the general EMC requirements imposed upon the equipment interfaces, 
power supply, wire harness and the consequent grounding scheme of 
the satellitc. 

3.2.5.1 - ELECTRICAL POWER SIT.??LY REQUIREMENTS  

'lhe spacecraft solar arrays and battery shall be sized to 
provide the spacecraft power needs of ali operating modes listed in Table 
3.2.5.1.1 during the illuminated and shadow periods of each mission phasc 
listed in Table 3.1.4.1. 

TABLE 3.2.5.1.1 

OPERATING MODES AND POWER CONSUMPTIONS  

MODE MAXIMUM TOTAL POWER CONSUMPTION 	(W) 

stand by 13 

Orbit determination 24.4 

Attitude determination 21 

Normal operation 
._ 

27.9 

Experimental operation 32.9 

Manocuver 21.3 

Experimental stand-by 23.4 

Manoeuver stand-by 14 

Degraded 34.9 

iriPt. 11 
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The power supply sUbsystem Shall be specified to cover the 
following conditions: 

- Orbital period: 100 min 

- Maximum eclipse time: 33 min 

- Maximum number of passes in shadow: 5 

- Maximum nurber of orbits without communication: 6 

- Transmission average time per orbit: 11.4 min (after acquisitien phase) 

- Percent maximum depth of discharge: 30% 

- Minimum solar angle aspect: O
o 

- Maximum solar angle aspect: 90°  

- Maximum area available for solar cells: toppanel = 0.4352m2  
eaeh lateral panei = 0.2176m 2  

- Maximum time in survie mode before separation from the VLS = 15 min 

The main bus voltage shall be 26.5V and the other voleages 
(+15V, -15V and  +5V) shall be derived from ít through a DC/DC converter. 
The distribution of the power lines starts at the power distribution unit 
(PDU) where the telecomands to turn the equipments on ar off shall be 
received. 

3.2.5.2 - ET,FCTR1CAL HARNESS 

The electrical integration of the spacecraft shall electrically 
interconnect ali spaeecraft equipments and dhall provido the interactions 
between the spacecrart and the ground support equipments during the integrati 
and lannch phases. 

The electrical integration shall comply with the following 
requirements: 

- to distribute Lhe power lines for each equipment 

- to interconnect the signal lines between equipments 

- to provido the required connections to the umbilical connectors 

- to provido the required interconnections between the test connectors 
and the integration eonnector 

- to provide the interconnections between the thermistors and the TM 
encoder 

- to give an indication of the separation between the spacecraft and the 
launch vehicle, turning on the S-band transmitter. 

IMPE II 
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Manufacturing of the electrical harness shall be In Ob".3~ 
with A-ERC-0001. 

3.2.6 - MECHANICAL ARCHTTECTURF  

The MaKimiti weight allowablc for Lhe integrated spaeecraft is 
115kg, including 41cg 'for balance masses. CorT;truction and design requiveffintc, 
are specífied in 4-ERC-0001. 

- STRUCTURE REQJIREMENTS  

The structure of the MECB-S1 satellite ShaIl bé able to providé 
mec,hanical support and mbunting for ali onboard equipments, maintaining ali 
the specified dimensions, alignments and toler:3nces 	ali operaticncl 
condítions. It shall provide protection agaínst the space environrent ii 

resist to ali handling, testing, launching and orbital loads, as detailed 
in A-FAB-0001. 

Figure 3.2.6.1.1 shows Lhe structure shape to be detailedby 
the Structure Subsystem. 
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3.2.6.2 - LAVOUP REQUIREEENTS 

With reepect to Figure 3.2.6.1.1, the following.surfaces sh1.1 
be ayailable as mountlng surfaces for the spacecraft equipments: 

- internai face of the supericr panei 

- upper and lower faces of the centrai panei 

- internai face of the inferior panei. 

The externai surfaces of the kaerMpancls and tne superic- 
shall supply Mounting areas for selar cells. On the externai faces of the 
lateral paneis, solar sensor attachments shall be provided; on the internai 
faces, only theidiOde plates of the solar arrays may benxxinted. On 
externai faces Of the superior and inferior paneis, attachments for the 
antennás Shall be supplied. 

No equipment mgy be attached to any face of the centrai 
(externai and/or internai). The lower UHF artennadhall be attached 
internally to the VLS interface flange. 

The mechanical layout distribution sha11 take into aernunt 
attitude control requirements due to the satellite spin stabilization. Thes' 
requirements are: 

- the C.M. loration áhall be along the spacecraft spin axis (z-axis) withl 
a maximum dispersion of 10mm 

- moments of inertia shall be such that 

Iz 
> 1.08 

Ix 

> 1.08 
Iy 

whcre x, y and z are the principal directions of inertia 

- the z principal direction of inertia ahall be within a 1°  cone with 
respect to the geometric z axis. 

The reference sys tem is defined in A-EA13-0001. 

Ali final dimensions shall comply with the available 
for the sparecraft inside Lhe VLS fairing as given in A-EIF-0001. 
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3.2.7 - THFRMAL ARCHTTECTURE  

The spacecraft thennal contrai shall provide a temperature 
distribution in Une satelliete so that ali onboard equipments operate within 
their design operational temperature range under ali spacecraft attitudes 
of paragraph 3.2.2. 

Thcrmal analysis shall take int -o account the selected equipm-1,i 
layout. 

Passive thermal control systematics shall be used. No active 
thermal contrai devices are to be used. 

Considering the externai loads(sun,earth radiation and albede 
and the internai dissipation profile during ali possible orbits, 
attitudes and operating modes, the following properties shall be 
established: solar absorptance and infrared emittance of coatings Inside 
and outside the spacecraft, conductive couplings between electronic boxes 
and paneis, and conductive coupling between adjacent paneis. The selected 
properties shall establish a thermal model with low sensitivity to 
alterations during coatings application, bonding compounds film tickness 
and layout changes. 

The equipment temperature shall be defined as the average value 
which may occur on the equipment external case, when the equipment is 
represented -by a single node. Temperature distribution within the electronic 
boxes and hot spots on the externai cases shall be analysed by the equipment 
suppliers. 

3.2.8 - EXTERNAL INTERFACES 

spacecraft shall interface medhanicaly with the launch 
vehicle through an interface flange riveted to the inferior part of the 
structure central tUbe. The flange configuration Is as defined in 
A-EIF-0001. 

The spacecraft ahall interfnee wiUh the check-out station 
during integration and tests through an integration connector and two 
bilical connectors, and during the launch phase via only the umbilical 

connectors. The integration connector shall incIude accesses for magnetometer 
calibration and for battery disconnection. The umbilical connectors Shall 
have the configuration depicted in AEIF-0001. 

3.2.9 - RELIABILITY  

The spacecraft áhall be designed to meet the requirements of 
this specification over the periods indicated In 3.3.1. 
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The subsystem designs and redundancy configurations shall be 

I such as to meet the 	twelve months 	numerical reliability figures of 
table 3.2.9.1 following ground operations, test activities and storage 
periods. 

TABLE 3.2.9.1 

ALLOCATED RELLABILITY  

SUBSYSTEM RELIABILITY (5 MONTHS) REL1ABTLITY (12 MONTES) 

Payload 0.970 0.941 

Tnrc 0.990 0.980 

Power Supply 0.970 0.941 

Attitude Control 0.980 0.960 

Structure 0.995 0.990 

Thermal Control 0.995 0.990 

Electrical Integration 0.980 

0.980 

0.960 

0.960 
- 

OBS 

Spacecraft 0.867 
Is •••••• 

0.752 

Subsystem designers shall provide subsystem reliability 
analysis comprising reliability block diagrams, reliábility prediction, 
parts stress analysis and single point failure list in accordance with the 
PA plan A-GQL-0006. 

3.2.9.1 - SINGLE POINT FALURES  

A Single Point Failure (SPF) is defined as any piece, part, 
equipment, assembly or element of construction, the failure of which would 
result in subsystem performance below the spg.cified levei. Ai]. other SPF 
will be designated as a non-permitted SPF if it has failure rate greater 
than 20 FITS. In such Tater cases effort shall be given to removing the 
SPF (e.g. by redundaney or new design). A waiver will be raised against, 
this requirement only as a last, resort after a through cystematio and 
exhaustive investigation has been perfonmed. 

FNP E 11 
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3.3 - DESIGN AND CONSTRUCTION REQUIREvIENTS  

Satellit.:: equipment design and construction requirements shall 
be in accordance with A-ERC-0001. 

3.3.1 -  LIFE  

Spacccraft equipment Shall.be designed to survive and function 
within specification over the following durations: 

- Assembly, integration and test (AIT) 	1 year 

- Storage 
	 1 year 

- In orbit 
	

1 year 

3.3.2 - REDUNDANGY 

Redundancy shall be used as necessary to achieve the required 
reliábility figure. Single point failures shall be avoided where teehnically 
feasible. The remaining SPFs Shall be submitted to contractors approval and 
its effects on spacecraft and probability of occurrencc evaluated. 

3.9.3 INTERCHANGEABTLITY  

Each equipment of the same configuration status shall be 
directly interchangeable without mechanical and thermal modifications such as 
hole drilling or planarity adjustment. It must be of the same qualification 
status and reliábility when considered for interehange. 

3.3.4 - MAINTA1NABILITY 

Each equipment shall be designed so that calibration can be 
maintained, adjustments performed and faults identified with standard Iceling 
and test equipment. When this requirement cannot be fUlfilled, Lhe equi;-ment 
contractor shall supply the contractor in charge of integration with the 
necessary special tooling, together with a written procedure for usina it. 

3.3.5 - TEST POINTS 

Complete bench checkout of the equipment and isolation of 
failures at the circuit (not part) levei is required. To this end, test points 
àhall be provided if necessary. 

-114--PE 1-1 
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'The test points shall be identified in the equftpw.nt 
specifications. PrefeLbly, ali the -  test points shall be grouped on a dedicat.,:, 
connector. Test points en multi-pin connectors shall bc designed to 
withstand, without cawjng dama2.c.,-voltrges- above the highent voltpuí.-f un LW.It 
connector as well as short circuite, unless a higherVoltage is specifice in 
a particult,r subsystem. This voltaje may b the output voltage from Lhat 
equipment or the expected 	test, input voltage - wilichever is N. 
largest. Shorting these test points Lo grOund áhall not cause damage. 

Ali test connectorc shall bc provided with covers to cnsurL 
protection against meehanical damage when the eqüipment is operat. -.:0: . 
Unless othcrwise specified, the protective covers shall bc easily riabovahl , 

SAFEN  

The equipment shall be designed and manufacturcd with compalibi.t. 
materiais in such a manner that ali hazards associated with the equip-?nt 
are eliminated or mintmized and controlled. 

The design of the equipment and of the stibsystem shall 
capable of sustaining a failure in flight and retaining the property not te 
cause damage to the launch vehicle and Satellite. 

Safety requirements of the launch vehicle shall be applicable. 

3.3.7 - WORKMANSHIP  

Workmanship shall be such that the design standard is not 
degraded or changed. At ali points during manufacturing, integration, test, 
handling, storage and transportation, the design standard shall be maintained. 
The skill levei of personnel is to be such that ali aspects of workmanship 
will ensure retention of the high reliábility standards. 

Manufacturing and process standards shall bc in accordPnce with 
A-GQL-0006. 

3.3.8 - 1DE1TIFICATION  OF PRODUCT 

Each equipment, excluding interconnecting cables, shall be 
permanently labelled with an identification plate. The label includes as a 
mdnimum, the following: 

- Equipment name 

- Manufacturer's neme 

ManUfacturer's part number 

- Serial nunber• 

- Contmetor's part number 

- Mrtnufantutrinp. dote (year, month, day) 
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3.3.9 PUDUCT ICSU-tANCE 

The requirements of Product Assurance plan (A-GQL-0006) 
apply. Equipment subcontractors shall develop a PA plan in accordance with 
the requirements of sUbcontractors PA requirements for satellite equipment...3 
AD 7 ) 

3.3.10 - MATF,RIALS , compoNENTs AND PROCESSES 

Components, materiais and processes used must comply with 
A-GQL-0006 PA plan. 

n) Fungus Resistanee  

Yáterials that are nutrients to fUngi hali not be used whvn 
their use can be avoided. Where used, and not hermetically seaied, they shall 
be treated with a suitáble fungicidal agent. If they are used in a 
hermetically sealed enclosure ar if they are stored in a continuously 
controlled environment, fungicidal treatrnent will not be necessary. 

h) Dissimilar Metais 

Contact of dissimilar metais with eaeh other shall be avoided 
wherever possible, Protection against electrolytic corrosion which can 
result from such contact shall be provided by surface treatment of the metais. 

c) Magnetic Characteristics  

Magnetic materiais shall be included only when required for 
proper operation of the equipament. Magnetic requirements, shall be as 
specified in A-FRC-0001. If necessary equipments shall be depermed in the 
de-energised state. prior to integration. 

d).Coatings and Adhesives  

Coatings and adhesives shall be capáble of withstanding the 
• nvironmental requirement of Environmental Specification (A-EAB-0001.) 
without undue perronmance degradation. Product Assurance Requirements 
(A-GQL-0006) shall be used for the selections of space adhesive materiais. 

e) Standard Parts 

The selection, evaluation, qualification, and screening of 
high reliability parts for qualification and flight hardware shall conform 
to the requirements of Product Assurance RequIrements. The engineering 
model may use the equivalent desigp statús parta but of a lesscr reliabilHy 
levei. Parta derating requirements of A-GQL-0006 Shall apply. 
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f) Processes  

Documented controlled processes and trained certified 
personnel shall be maintained for ali oly .:rations which may Impact th.:: 

or quality Of the equilmi-Jrit. All prncesses, such as heat 
polymerizion curves, Soldering, protectivc coatings, thelmal coatings, 
potting, conformei coating, welding, etc., shall bc identifipd. 

g) Corrosion 

Selected materiais shall be of the corrosion-resistant yp o( 
suitábly treated to resi8t corrosive conditions like:y to be met in stora&: ,  
and/or normal service. 

h) Organic Materials 

Organic materiais selected for use in the cquipments si nor. 
outgas more than 0.1% volatile condensable materiais nor moro than 3 2/0 of 
total weight. This requirement shall not appiy where less than 0.5 grams of 
a given material is used. 

i) Flammábility, ToxiCity,  Dirior 

Materiais characterized by flammebility, toxidity and degradatio. 
àhall not be used. 

3.3.11 - ELECTROMAGNETIC COMPAXIBILITY 

The equipments shall meet ali requirements of A-E:CE-0001 for 
radiated and conducted emission and susceptibility when tested as an 
equipment, and as part of the system. 

3.3.12 - ENVIRONMENTAL REQUIREMENTS  

The equipments Shall be designed to withstand ali mechanical, 
thermal, climatic and other in-orbit (pressure and radiation) environmental 
conditions defined in A-EAB-0001. 

3.3.13 - PRFPARATION FOR DELIVERY 

All deliverable equipments shall be prepared in a manner whieh 
will afford protection against corrosion, deterioration and damage, from the 
supply souree.until its requirement for use. The requiroments of PA plan 
(A-GOL-0006) for packing, handling, identification and shipping shall 



M+N.C.N ..; 	;;" • .. lt 	 i; 

WSTTTLITO 	 : DOU/MENTO W2 :AETC-Ou, .,2 
PÁGINA: 28 

VERSÃO: 1 

a) Handling  

Stórage and shipping containers for deliverable equipment 
requiring special handling, iclading ar unpacking instructions shall b fully 
idendfied 	1 documented by appropriate procedures. Special carts and 
coutainers Wall be used to Ixansport 'Jhe equipment to different arcas withln 
the facilit.,y to minimize risk of mishandling. 

b) Paoking  

Equipment subject to deterioration, corrosion ar damago Whil 
heing transported shall be packed in a manner and with materiais neoessry to 
prevent or minimize damage. Packing methods and instructions stall be preparee 
and provided on the exterior of the package ar container for maintenanee of 
specific internai or externai environments. 

c) IdentÀfication  

The contractor's complete name and address ar destination of 
the equipment shall be clearly identífied and marked on the shipping contincr. 
Additional markings on the shipping container shall include the following 
information: 

• Gross weight loadeci (in lb and kg) 

e Grosas weight empty (in lb and kg) 

e Freight width and length (in ft., in. and cm, meters) 

• Caution cr warning markings (1.e., to be opened under PA supervlsion). 

d) Storage  

Equipment requiring storage àhall adequately be protected 
against deterioration and damageto ensure life and utility for the intended 
period of time. Means shail be provided for adequate safety, preventive 
maintenance and periodic inspection. Appropriate special requiremeWs ar 
instructions dates shall be provided by the equipment contractor. 

e) Shipping  

The equipment container can be transported by car, caosed 
truck or by aircraft. Minimum/Maximum temperatures and g-sensors shall bc 
used for shipping flight equipm,mts. Transportation by railway is not 
allowed. 
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4. VERIFICATION 

4.1 - INTEGRATION AND TEST REQUIRFNENTS  

The activities of integration and test of the S/C Shall be 
sequenced and planned such as to provide: 

• the mechanical assembly and electrical interconnections of the 
variou S subsystem equipments aimed at molding them into an 
electrically compatible, mechanically rigid and reliable system, 

• an interface check of each subsystem after individual integration, 

o successive evaluations after each major integration event to allow an 
evaluation of the performance evolution, 

e the environmental test reports of the S/C, 

• the necessary means for a gradual implantation and validation of the 
EGSE (equipment and software), integration and test plan, MGSE'and of 
the interfaces with the test facilities, launcher, ground segment, 
etc... 

The specification of the assembly, integration and tests shall be 
in accordance to the following requirements: 

a) The equipments shall be sequentially integrated to validate their 
mutual interfaces and their compatibility with the mechanical, 
electrical, physical and operational environment of the S/C. 

b) The test definítions shall be based on the input of knamn data to 
the S/C through simulationz or stimulations, on the analysis of 
those resulta which allow an evaluation of the behavior of the S/C, 
and on the comparison of the test results with the intended 
performances. 

c) Once an equipment is Integrated, a test is performed and its resulta 
áhall be compared with those suppliedby the subsystem responsible. 
The test conditions should be as similar as possible to those used 
in the subsystem tests performed prior to integration. The results 
of this test áhall serve as a reference to the respectiva integrated 
equipment. 

d) After ali equipments are integrated, the so called reference tests 
(S/C REF) shall be performed to establish the results at the given 
instant and S/C configuration. A selection of these tests shall be 
repeated, on the same conditions, after each additional testa 
applied to the S/C. 

F 	1 1 
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e) The S/C REF tests are representative of aJ1 phascs of the S/C lifetirne. 1 
To achieve their objective these tests shall explore ali the S/C mo: -.25; 

of operations and redundancies, and Shall be performed in repeateáble 
conditions and with the least duration possible. These tests shall be 
chosen and optimized such as to allow a maximum degree 	of 	their 
automatic control which is compatible with the existing test facilities 
The S/C REF tests serve to detcct the mutual 	interferenee 	betweeni 
equipments and the degradation of the criticai S/C paramoters. 
Thercfore, they áhall necessarily include at least: 

1) Performance tests of each subsystem (referred to the subsystem 
test report) in ali operating modes and in all redundancies, with 
access to the test points. During these tests ali other 
sUbsystems áhall be in their most susceptible configurations. 

2) System performance testa (referred to the system tests) in 
operational, stand-by and degraded configurations, intended to 
measure the essential mission. characteristics and making the 
ffaXiMUM possible use of the natural links with the satellite in 
its flight configuration. 

3) Analysis of ali particular criticai configuration recognized 
during the integration and the previous testa, or Which results 
from studies or of limited points in EMC-EMI. 

f) The functional testa shall be perfórmed through the longest possible 
equipment chain and in two distinct ways: 

1) Qualitative tests by excitation of the detectores (yes or no) 
since quantitative tests at this levei are not possible. 

2) Quantitative testa through the sensors (if possible) or through 
the sensor electronics utilizing the longest possible chain and 
preferably performed in closed loop via the telemetry. 

g) Ali operations carried oiit on the spacecraft shall be performcd 
according to previously approved documentation. 

h) The total operating time and the number of on off cycles that each 
equipment is subjected to during the tests will be recorded in the 
equipment log-book. 

i) The test equipment design shall minimize the risk of damaging the 
S/C or. S/C equipment under test. For this purpose it is required 
that: 

INPE 11 



, '"a• 	f",2: ."R 	'• 	'•*, 	.„. 

• 	- 	• 

 

ItTlTLi7OíkPESQUISEIS CSPA(MLS 	 I DOCUMENTO 142  
 GNJ31 

M EC / 	 VERSÃO: 1 

1) The test equipment hnve eppropriate overvoltagp and OVerCUr'iNI, )V. 

protection. 

2) Wnenever possible andwithout degradIng perfonnancezl, 
geelification and f3iep1 equieinent te tested 	 eeeneet.0- ,  
savers until they are jnregrated into the satellite. 

3) The eonnectors of the test equipment be such that they pr- - wn-
inadvertent miseonnections. 

j) Ali test equipment with any associated harness eAd softwgre ehell Le 
fully checked and vadidatez1 prior to we with the satellite. 	Thi 
epplies also for-richanical handling equipment ueed in testirb-
S/C. 

k) Only a limited mriber of personnel, knowledgeable in the procedu/vs 
wiii be permitted to work on the S/C at one time. 

4.2 - SYSTFM TESTS  

The system tests shnll be effeeted on the S/C modais. describec ir 
thé following section. 

4.2.1 - SATELLITE MODELE  

- Identification Model (41): Composed of the sybsystems MI aeeording 
to the hardware matrix on AeGRC-0010. 

- Proto-Flight Model (PF): Composed of the subsystems flight modal 
according to the hardware marrix on A-GRC-0010. 

,,Structural and Thenmal Modela (SM,M)': Composed of representarive 
models of dhe S/C structure and of structurai and thermal equipment 
mockeups, according to the hardware matrix oh A-GRC-0010. 

Radio-eletric Mock-up (REM): 	Representative of the externai 
geometrical configuration of the S/C and equipped with performing 
antennas, according to the hardware matrix on A,.GRC-0010. 

4.2.2 - REQUIRED  TESTS  

The required Systemtests Shall be in the cathegories: perfonnpnce 
testa, compatibility testa, radio coverage tests, mechanical tests and 
thermal testa. A sumary cif the required system tests is given in sectic;; 
4.3. 
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4.2.2.1 - PERFORkiiNECE TESTS 

These tests Shall be of a repeti -tive charactertstic and shnlj he 
eecuted tinrc the clectrical chains of the S/C uLlljzing the 7 »,: 
check-out statLin. These test. she.11 Oe perforued on NU and PF. 

4.2.2.2 - CCMPAI1B1LITY TESTS 

4 .2 • 2.2.1 - ELFYJTR;JAAG:eTir. Ce.IPATIBILITY TESTS (9.:0)  

To be performed on Ni accordimy to A-•CE-0001 and shall 
eMittod and conducted testa. The EMC testa shall be repeated on F only if 
iwportant configuration Chert,-;.;z:: occur. 

4.2.2.2.2 - LAUNCHER INTERFACE Cr/MPATIBILITY TESTS  

A fit cheek witá the iauncher interface shall he performed cri T'F. 

4.2.2.2.3 - GROU(Í)  SEGMENT COMPATIBILITY  TESTS 

A compatibility test with the ground seguent shall be 
during the S/C performance tests. 

MAGNETIC BALANCE TEST  

The PF model of the S/C shalI be magneticaly balanced to make its 
residual magnetic moment value compatible with the S/C requirements. 
4.2.2.3 - RADIO  COVERAGE TEST  

Radio coverage tests shall be performed on RFM. 

- I,ECHANICAL TMTS  

4.2.2.4.1 WEIGtrr AND  CM MEASURENENTS  

Weight and CM measureménts shall be performed on ali sUbsySte- 
equipments prior to integration and on MI and PF. 	Balance massas nd 
moments of inertiawill be inferred from the above measurements. 	Cii 
location shall be corrected according to the margin allowance. 

4.2.2.4.2 BALANCE  

Balance shall beperfonned on PF.to  obtain the nenessary iner113,-, 
margin allowances. 
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4.2.2.4.3 - ALIGNMENT  

Alignment measurements shall be performed before and after the 
environment tests performed on PF. 

4.2.2.4.4 - VIBRATION TESTS 

Sinussoidal and random vibration tests shall be performed on PF 
and SM according to the leveis indicated in A-EAB-000i. 

4.2.2.4.5 - SEPARATION TEST  

A separation test shall be performed on SM aecording to A-EIT-0001. 

4.2.2.5 - THERMAL TESTS 

Thennal tests under vacum condition and IR (skin heater) shall be 
perfonmed on TM according to the philosophy and leveis indicated in A-EAD-0001. 

4.2.3 - DESIGN VERIFTCATICN MATRIX (DVM)  

All tests shall be performcd in accordance with cómprehensive test 
procedures delivered in advance of the relevant tests. Rigid change contrai 
will be maintaincd for all test procedures and related computer programa. 

Satisfactcry completion of the integration and test program shall 
be confirmed by a formal review of the test data which shall be in 
conformity to the spacecraft DVM. 

4.2.3.1 - MANDATORY TESTS 

The satellite and subsystem design verification matrices shall 
necessarily include the required verifications listed In the Appendix. 

INPE 
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The following pages list for each subsystem and for the satellite, the 
minimum mandatory requirements to be verified ia their respective DVM, 
together with Wie verification method and the test descriptions. 
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AI - The vibration test shall be performed on the SM and PY by mcjunlinl.; 
model to an electrodynamic :=_haker using an adapter and nicht Lype 
separation claffip. The test levls for the SM and PF w11:1 
qualification and arceptance, respectively, as outlincd in AEAB-0001. 

Test aceelercmeters and strain ganes will be installed in the spaeecraft 
at relevant locations, ín order to be áble to compare test resulta with 
structural mathernatical model predictions and to measure the leveis of 
vibrations applied to the equipments. 

Random vibration and sine vibration shall be applied consectívely in 
three directions: thrust axis (z-z) and two orthogonal lateral axes 
(x,-x and y-y). 

The sequence of events for each sinus vibration axis will be as follows: 

- low levei run 

- determination of notching leveis according to measured qualification 
factors 

- high levei sweep 

- low levei verification sweep for couparison to initial 	satellite 
signature. 

Nótching on leveis applied to the satellite during sinusoidal testing 
will be made at the resonant frequeneies for the main structure ( and of 
secondary structure or equipments) to prevent overstressing the structure. 

Duríng the PF test, the satellite will be in the electrical 	launch 
configuration and verified through TM. Test batteries are installed and 
uSed to power the spacecraft. 

After the 3 runs the satellite will be inspected; no disconnections 
will be made until system performance test is perforned, the non 
acessible points being inspected at that time. 
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B1 - Infra-red test technique will be utilized for the thermal balance test on 
the TM. The purpose of the test on the TM is to check the 
thermal mathematical model employed in the design and to validate the 
hardwarc solution adopted for the thermal control. This test applied to 
the PF or to an up dated version of the TM will give an ultimate ineicatien 
of the satellite thermal control design. 
For the TM test, ti-te structure is outfitted with thermal mock-ups of ali 
the spacecraft equipments. Every aspect of the thenmal control subsystem 
(e.g., coatings, insulation and shieids) is included on the test mode'. 
Resistance heaters are used in the mock-up of ali power dissipating 
equipment. No functional checks are made during the tests. 
Thermal balance test is performed in a space sinpulation chamber. Ti-te 
chamber must feature ultra-clean vacuum pumping facilities to mantain the 
required low pressure during the test, as well as liquid nitrogen cooled 
shrouds to simulate the heat sink of space. Simulation of the solar 
heating on the spaceeraft is accomplished by the skin heater method. The 
test conditions imposed will include the criticai coid an warms orbits 
as well as a number of eclipses. 

B2 - The thermal cYcling test on PF is intended at verifying the satellite 
performance under extreme vacuum, temperature and thermal gradient 
conditions. The sateilite is driven to alternate hot and cold soaks 
during which performance tests are effected. In the hot and cold soaks 
the satellite is placed in a temperature profile corresponding to the 
maximum and minimum flight conditions, respectively, and a certain margin 
is added on to these values. It may be necessary to reinforce the 
temperature leveis of same equipments to ensure that they are requestcd 
up to theír specified temperature limits. 

P E 11 
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Cl - Electrical continuity from the solar array to the satcllite Will be 
verified by inspection. Each panei of the solar array will be partialiy 
illuminated after assembly onto the S/C. Proper integration of the 
paneis will be verified by monitoring the main bus voltage during partial 
illumination. 

C2 - Each solar panei will be tested in a non-reflective area, prior to 
integration, using the solar panei test set. A xenon light pulse 
sirruiating the solar illumination will be used and by simulating various 
loads on the array, the I-V curve will be obtained. 

C3 - The solar array simulator (SAS) will be set to simulat.e full power 
condition. The SAS output will be decreased tó zero. Verification that 
the bus voitages and regulations remam n in their ranges irrespective of 
the loads will be made via telemetry. The output of thc SAS will be 
increased from zero to full voltage while monitoring the bus voltages 
and regulations. It will be verified that they remam n in their operating 
ranges as the SAS output is increased. During this test the SAS will 
simdlate the solar array ripple. The Main Error Amplifier (riA) 
redundancies will be verified by stimuli signals at the maximum and 
minimum SAS outputs. 

C4 - This test is aimed at showing that the battery has sufficient capacity 
to power Lhe S/C through a maximum eclipse period. The battery will 
have been fully charged prior to the test. With the battery powering 
the S/C and the eclipse operating mode loads cn, it will be verMed 
that the main bus voltages remam n in the specified range for the eclipse 
period. 
The battery DOO will be verified bu telemetry return. 

C5 - This test will verify that all subsystem power requirements are within 
specification and demonstrate that Lhe total integrated primary power 
bus loads are v.dthin the capabilities of the solar arrays and ti-ia 
battery. As each subsystem is commanded on, the main bus currents will 
be measured by telemetry and the power eonsumption of each absystem 
element will be evaluated. At subsystem levei, equipment simulation 
loads will be used. These testa shall be performed in the ábsence of 
áhunt operation and battery charge the PSS power consumption Shall be 
inferred by analysis. 

C6 - The purpose of this test is to show proper battery charge capability and 
charge regulator performance. The solar array simulator (SAS) will power 
the S/C electrical power subsystem with the maximum battery charge 
current. Maximum battery charge capability will be verified by its 
voltage and temperature telemetries. The performance of the battery 
charge regulator will also be monitored by its telemetries, and its 
redundancy tested. 

INPE IS 
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C7 - This test is aimed at verifying the switching fUnctions of the DC/DC 
converLers (including times) and the proper operation of the power 
distribution unit (PDU). With power supplied by the SAS, without shunt 
operation and battery charge, the times operation and DC/DC converter 
redundancy will be cheeked. Ali possible operations of the PDU will be 
explored by sending in the appropriate telecommands and verifying the 
telemetry returns. 

C8 - This test serves to verify the operation of the battery discharge 
regulator (BDR) and of its redundaney. Wlth an initially charged battery 
the BDR must maintain its output voltage within the specification up to 
the average battery voltage. This test must be effected using a dynamic 
load simulator (varying from minimum to maximum load) at subsystem levei. 
Redundancy operation during the test is checked by telemetry. At system 
levei, only the BDR redundancy eperation shall be checked. 

C9 - A solar array simulator (SAS) Shall be used to operate the S/C under 
normal sunlighL conditions. Adjustable loads shall be connected aeross 
the secondary bus lines. An oscilloscope can be used to measure bus 
transient response as a pulsed load is used. A test battery shall be 
used to operate the S/C under eclipse condition, and the sane proeedure 
shall be repeated as above. 

C10 - The capability of the spacecraft solar array and battery to provide the 
spacecraft power needs in the orbit environment during all mission 
phases shall be demonstrated by analysis for confirmation by in-orbit 
tests. 

011 - The Shunt power dissipation and pawer balance shall be measured when the 
spacecraft power is supplied by the SAS. The measurements shall be 
performed as the SAS power is varied from maximum to minimum. The test 
Shall be perfonled for maximum and minimum spacecrafl: loads. 

C12 - In-orbit operation condition shall be simulated (minimum of 7 orbits) to 
verify subsystem operation. For this test the spacecraft loads shall be 
those equivalent to the experimental and experimental stand-by wodes. The 
test will be repeated for the SAS simulating maximum and minimum power free-, 
the solar array. The battery charge and discharge Shall be monitored 
throughout the test and its DOD inferred by analysis. 

INPE 
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D1 - The nutation damper functional performnnee shall be assessed by anelyee . 
A simplified nutation danper model shall be used for the dampinE 
calculation. Estimates of the nutation damper constant shall inelude 
special dyanemic conditions: 

a) large initial nutation angle, 

h) environmental transverse torque effects. 

D2 - An experiment shall be performed to verify the nutation deeay time. 	An 
air-beariqg supported table which is a representative dynarnical mok-up 
of the S/C will be properly balanced by the instalation of weights. The 
táble will be driven to a cortam n angular speed ábout an axis  
desined angle with respect to the syanetry axis. A light beam fixed above 
the táble will be used to obtain pictures of the axis of syme.try motien. 

D3 - The effect of the torque coil on the S/C attitude shall be assessed hy 
analysis through the knowledge of its magnetic moment and of the residual 
magnetic moment of the S/C. 

D4 - At the equipment levei the torque coil moment shall be obtained by the 
direct measurement of the magnetic field created at its center wàen 
energized. At system levei, this moment ahall be inferred to an 
better then 1 Am2 , by measuring the perturbation caused in the local 
earth magnetic field by the presence of the S/C with energized torque 
coil. This measurement shall be performed outdoors with a three axes 
magnetometer located at a distance no greater than 70cm from the S/C 
center and having the S/C fixed to a non-magnetic táble which is capable 
of rotating. 

D5 - The S/C shall be magneticaly balanced by the inclusion of suitable 
permanent magnets, to an accuracy batter than 0.15 Am2 . The S/C mnaletie 
moment with de-energized equipments áhall be inferred by a measuree:ee 
similar to the one described in 1)4. 

D6 - At the equipment level the magnetometer performance ahall be verifled 
through the measurement of a calibrated field (to an accuracy of 5 mG) 
created by a Helmholtz coil system. At system levei, the calibration 
current imput of the magnetometer shall be activated and the magnetometer 
telemetry verified. 

D7 - The sun sensor performance shall be verified using a sun simulator. A 
rotating mirror placed in front of the sun simulator will crente thc 
necessary spin effect. The test shall be aimed at verifying: 
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a) Sensor field of view. 

Sensor resolution ard ac•curacy around the field of view. 

c) Sensor output stàbility and sensitivity to the spin rate. 

D8 - Alignments of the integrated sun and magnetic sensors shall be optieLy 
verified to an accuracy of ± 0.25 c  relative to ali spacecraft axes. 
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El - The command operation will be tested by sending Execution Data Pbek:,... 
to generate he commands and verifying the existence of pulses at proper 
command outputs at subsystem levei and checking the switch status in th_ 
reccived telemetry frames at system levei. Ali commands in both modes of 
operation will be chceked. 

E2 Wrong patterns will be generated in the Memory Load Command to test Lh., 
capability of the Command Analizer Routine to detect them. The resuli_ of 
the verification will be sent in the telemetry framcs. 

E3 Command sensitivity will be tested at system levei as a function of the 
receiver ínput power to show the threshold of the complete ehain. 
Threshold will be defined as the power levei at which at least 50A of 
the commands are verified. 

E4 - The telemetry operation will be verified testing the real-time telemetry 
and the storage telemetry. 

E5 - The real-time telemetry will be tested, at subsystem levei, by aplyirc 
predetermined signals at the telemetry channels of the DH and verifyinj 
the received telemetry trames using the on Board Test Checkout System 
(MTSB). At system levei, the values of the telemetries present in the 
received frames will be compared with the expected values. 

E6 - The storage telemetry will be tested, at sübsystem levei, by applying a 
predetermáned time-varying signal at each telemetry channel inpot of the 
DH and verifying whether the correct value will be present at the 
storage telemetry frames. At the system levei, the values of the acquired 
telemetries present In the storage frames will be compared with Lhe 
expected values. 

E7 The software will be validated using the Lab. Prototype supported by the 
software Development Station (HP 69000) and the MTSB following 
procedures defined by the 'FRE std 829-1983. 

E8 - The DH will have diagnosis routines for self-testing. These routines will 
be initiated by an Execution Data Package which provides the 
values for the testa. The results of the diagnosis routines will be sent 
in the telemetry frames. 
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Fl The receive G/T will be evaluated by analysis using the measured cre-e er ,  
characteristics, the anten!ia noise temperature and the value of lee 
transponder noise figure. 

F2 - The measured antenna reoeive characteristics (gain, diagram and e:H: 
ratio) shal1 be obtained through the RFM test resulta. This test will 
follow the cutline detalled in the subsystem test procedure. 

F3 - The antenna noise temperature is obtained by analysis using the me=--Ji-iJi -  1 
antenna characteristics and the equivalent noise temperature of earC1 ;e.ei 
space. This calculation will follaw the outline detailed in the subaysttn 
test procedure. 

F4 - The EIRP coverage is calculated using the antenna transmissua 
characteristies and the measured RF output power. 

F5 - The measured antenna transnit characteristics (gain, diagram and axial 
ratio) shall be obtained through the REM test resulta. This test 
follow the outline detailed in the subsystem test procedure. 

F6 - Measure the output power of an 	unmodulated transmit carrier at the 
antenna port. 

F7 - An unmodulated carrier is menually swept ±50kHz about the nominal 
frequency at the input of the transponder and the static phase error 
(SPE) is monitoredat the test connector. The frequency at which the SPE 
is zero is meaared. This test is performed for input powers of -115dBm 
and -50dBm. At system levei this test is performed at the antenna port 
for input laveis 3dB higher and the SPE ismonitoredat the telemetry of. 
the decoded frames. 

F8 - Measure the minimum FF input power to the transponder at which the 
receiver will acquire an unmodulated carrier at the rest frequency. This 
measurement is performed by varying the input power and monitoring the 
lock status at the test connector. 

F9 - An unmodulated carrier is swept by ±50kHz about the nominal frequency at 
a rate of 32kHz/s at the transponder input. The carrier acquisition is 
verified by the lock status at the test connector. This test shall bc 
performed for input powers of -50dBm and -115d13m and thall be repeated a 
number of times to estimate the probability of carrier acquisitie. At 
system levei the test is p.erformed at the antenna port increasing Lhe 
power leveis by 3dB and verifying the lock status in the decoded 
telemetry frames. 
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F10 An unmodulated carrier with power levei of -115dBm is applied to r:a ,  
transponder input. 512 maintenance of lock is verified at the 
connector while the carrier is swept by: 
±60kHz about the nominal frequency at a rate of 32kHz/s 
±80kHz about the nominal frequeney at a rate of 3kHz1s 
±115kHz about the rest frequency at a rate of 5kH7./s 
The test is repeated for an input power levei of -50dBm. At sysueil levi 
this test is performed at the antenna port for an input levei 3dB hirier 
and the lock verified at the decoded telemetry frames. 

Fll - An unmodulated carrier at -35dBm is nanually swept by -110CM'a about 'he 
nominal frequency at the transponder input part. The AGC levei is 
monitored at the test. connector. Trio frequency selectivity is deriv -; 
from the AGC calibration curve and the measured AGC response. 

F12 - TI-is power of an unmodulated carrier at nominal receiver frequency is 
varied from -115dBm to -50d8m and the AGC response is measured at Lhe 
test connector. The AGC response time is measured with an oscilloscop: 
by applying a 0.25Hz square wave modulation to the carrier. 

F13 - The PM demodulation.performance is evaluated from the command video and 
ranging output sensitivity measurements. 

F14 - The TC video sensitivity is measured with an input PM signa]. of -115dBm 
and S/N ratio equal to 10dBHz, modulated by an 8kHz tone with 
modulation index of 1 rad. The S-i-No is measured at the demodulated TC 
subcarrier output using a spectrum analyser. 

F15 - The ranging output sensitivity is measured with an input PM signal of 
-115dBm levei and S/No ratio equal to 10dBHz, modulated by the tones at 
16kHz and 100kHz. The S/N ratio of the tones are measured at the ranging 
demodulated output. 

F16 - The transponder output frequency shall be measured In the coherent and 
non-coherent modes.In the coherent mode the unmodulated output carrier 
frequency is compared with the input carrier frequency and the frequency 
conversion rate of 240/221 is verified. 

F17 - Feed the transponder input with an unmodulated carrier of -90dBm at 
neuunal frequency and measure the relative amplitude of spurius 
emissions with respect to the transmit carrier in a spectrum angJyr , r, 
up to 8GHz. The test will be repeatcd with the transmit carrier 
modulated by TC and ranging tones at nominal modulation indexes. The 
test is also performed in the non-elerent mode with and wilhouL 
telemetry subcarrier. 
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F18 - The output frequency setting is measured for transponder operatien ie 
the coherent and non-coherent mode. The frequency stabillty is meeeured 
over the specified temperature and power supply variations accordine to 
the outlinc described in the subsystem test procedure. The ion .2, ter 
stability is measured by recording Lhe reading of a frequency counCer 
with 35 gale period during 15 minutes. 

F19 - Modulate a -90dBm carrier with test tones of 20kHz and 100kHz 
nominal peak modulation indexes and fee the transponder input 	et. 
Fbed Lhe telemetry subearrier input wiJi a 65.535 kHz tone of 3 V 
to peak. Measure and record the spectrum of the output modulated cri :r 
with an spectrum analyser in a 1.5MHz frequency span. 

F20 - Feed the transponder input port with an unmodulated carrier at nominal 
frequency and -115dBm. Measure the output phase noise integrating eee 
noise from 10112 to 100kHz in a Phase Noise Measurement System. 

F21 - Feed the telemetry subcarrier input with a test tone at 65.536kHz and 
voltage varying from 0.1 Vpp to 3 Vpp. Measure the modulatiOn ir -'x 
the transponder output signal using a modulation analyser at the eF 
output of the telemetry receiver, or at the IF output of a down 
converter. For a fixed voltage levei of 3 Vpp sweep the test tone from 
3kHz to 1.5MHz and record the modulation índex values. 

F22 - Feed the range video input with test tones of 16kHz and 10kHz and 
voltage varying from 0.1 VPp to 3 VPp. Measure the. modulation index of 
the transponder output signal using a modulation analy5er at the IF 
output of the telemetry reeeiver, or at the IF oucput of a down 
converter. For a fixed voltage of 2 Vpp sweep Lhe test tone from 1,2kHz 
tolo  5MHz and record the modulation index values. 

F23 - For ranging tones of 16.20 and 100kHz (sequentially), measure the tone 
delgy by comparing Lhe phase difference between theípnerated nnd 
received (at the check-out station receiver) tones. For calibration of 
the test equipment, the check-out station transmitter will generate a 
carrier at the down-link freqeency which will be fed directly to the RF 
input of Lhe check-out station receiver. The aMbiguity resolution is 
obtainelby analysis of the tone delay test resulta. 

F24 - For the same input as in test F19 Measure the AM modulation index of 
output signal using a modulation analyser at the IF Output of ih 

telemetry receiver or at the IF output of a down-conventer. 

F25 - Estimate the false command probability from the bit error e. + 
measurement and the elue'ch teet résult. 
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F26 - Apply to the TC decoder input a PSK/NRZ-L subearrier wiLh nominal 
frequency and bit rate, modulated by. a TBD bt pattern plus gaussian 
noise with specral density such that E/No=16d13. Measure the bit er rir 
rate of the demodulated NRZ-L data stream at the test connector usine a 
BER meter. 

F27 - Change th• E/No ratio at the TC decoder input trem 16dB to 6dB md 
verify at the test conneetor the squelch operation. The input E/Nó viue 
at which the squelCh OperateS is measured. 

F28 - The eommand operation is assessed from measurements of coch of the 
direct command output pulses and of the 24-bit serial output. 

F29 - Apply to the TC deeoder input a PSK/NRZ-L subearrier at the nominal 
frequency and bit rate, modulated by on/off command messages. Verify for 
each H/L output the command pulse eharacteristies. At system levei the, 
test is perfonned at the antenna port (modulating the input carrier by 
the command subcarrier with a modulation index of 1 rad) and verifying 
the command actuations in the decoded telemetry trames. 

F30 - With the same conditions o .2 as in F29, but modulated by memory load 
serial messages, verify at the 24 bit serial interface output, tlf-y-: 
transmission of clock, data and sampling 

F31 - Verify the frame acceptance using test results of address and 
sinchronization word, mede word and eommand word acceptance. 

F32 - Apply to the TC decoder input a PSK/NRZ-L subcarrier with nominal 
frequeney and bit rate modulated by an ON/OFF command message. First 
verify at each of the ON/OEF command outputs the actuation of the 
corresponding command, then, introduce errors 1 or 2) in each of data 
words and repeated data words and verify the cannand outputs. For memory 
load command Lhe same procedure is repeated and the 24 bit serial 
interface output verified. This test will follow the outline detailed in 
the subystem test procedure. 

133 - With the same initial conditions as in F32 but introducing errors (O or 
1) in each of the mede word and repeat mede word, verify the command 
actuatiors. This test will follow the oUtline detailed in the subsystem 
test p,'OCC(JUl. 

F34 - With the same initial condi tions s in F32 but introdueing errors 
or 2) in each of the initial an final ASW'S, verify the con-:aid 
actuations. This test will followthe outline detailed in the sutw'yrn 
test procedure. 
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F35 Corrimand sensitivity is tested at system levei as a function of nnl 
port input power to shaa the threshold of the command system. The i!):111 
signal is modulated by the TC subcarrier with a 1 rad modulation ind - m. 
Threshold will be defined as the power levei for which at 1east 
the commands are executed. 

FW - Merify the operation of the telemetries provided Ify the 
monitorteche telemetry outputs at the test connector. 
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G1 - The equipent will be commanded on having an input carrier at 401.63g1T1:, 
of -100dBm and the time ciapsed to obtain the correct AGC and output RF 
power telemetry lecture will be measured. 

G2 - The rcceive G/T will be evaluated by analysis using the measured ant. ,.;nna 
characteristics, the antenna noise temperature and the transponder ncis. 
figure. 

G3 - The equipment noise temperature will be measured through Lhe 
connector IF output using a spectran analyser and a power metcr 
evaluate the signa' and noise powers. 

G4 - The mcasured antenna charaeteristics obtained through Lhe RFM will ba 
utilized.This test will follow the outline detailed in the subsystem 
test procedure. 

G5 - The antenna noise temperature is obtained by analysis using the measured 
antena characteristics and the equivalent noise temperature of the earth 
and space. This calculation will follow the outline detailed in the 
súbsystem test procedure. 

G6 - An input carrier at 401,635MHz with -100dBm will be swept in frequrncy 
by ±30KHz at 100Kz and the frequency response wil1 be verified with an 
spectrum analyser at the output. 

G7 - Compute the EIRP coverage using the antenna characteristics and the RF 
output power. 

G8 - The RF output power will be measured with no input signal and checked 
against the respective telemetry indication. 

G9 - Same as G4 for the S band antenna. 

G10 An input carrier at 401.635MHZ wi11 be varied from -125dBm to -95dBm and 
the PM modulation index will be measured in a modulation analyser at 
the IF'of the check-out station receiver or at the IF port of a 
down-converter. 

Gil - With two input carriers at 401,62MHz and 401,635M1-Tz with -95dBm eech, 
the intermodulation products st: 11 be verified in the output with an 
spectrumanalyser. 

G12 - The short term frequency stábility shall be measured by DIT"s HP system. 
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013 With an input carrier at 401,635MHz and -100dBm the AM m.illatien indcx 
shall be measured with a modulation analyser at the JF output of lhe 
check-out station recniver or at the IF port of a down-converter. 

014 - The group delay slope Shall be measured with a 401,635MHz input 
AM modulated by a 25Hz signal. The AGC te1emeLry sinal shal] 	I 
ccmpared in a phase detentor with the 25Hz modulating sinal. 

G13 - Measur: output frequency with no input signal. 

G16 - With a caprier in 401.665MHz and -95iBmregister the RF output ssfrJJ, 
using a speetrum analyser up to 8GHz. 

G17 - 	i-put carrier with -50dBm will be manually swept from 200MHz to 
600MHz and the IF output of the test connector and the PM modulion 
index verified. 
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H1 - To provide verification by analysis that the harness losses are withl: 
the specifications. 

H2 - The objectives are to verify the following: 

• End-to-end continuity on ali power and return wircs. 

. Integrity of ali wire paths including switch and thermistors. 

• Open cireuit voltage on ali power connectors. 

• Unit contact resistence. 

. Certain redundant wiring paths. 

• Gr ourding. 

. Insulation. 

• Benling. 

• Upon completion of the harness áhákedown, ali connectors may be safely 

mated $o subsequent tests and calibrations cari commence. 

I»! 



,;.„, • 9  .5„„,,,rt..„0 	1.14.E 444.144 TCCNC)10C3'g 	 • 
DOCUMENTO 	: A—ETC—CXXX:' INSTTIVTO DE PESQUISPS ESPACIAIS 
PÁGINA :A27 

MECB/SS 	 VE RS—AO : 

XXX XXX XXX XX >.< >< X XXX 5< >•4 

trl 
g cn 
W 
r...] 

E-Ç 

C11 

O cà 

F-1 
ffl 
C) 

1 

• 

a) 
O 
O. 

4-1 
OS 
o 
•,-4 
e. 

4-1  

r-1 

.--; 

to c 
-,--1 
4-> 

a) al 
'o WI o 
O -,--4 
E 	n.-1 c 
s-• 	-*-1 

4-5  

.0 	a) 
C —{ 

41) 	O 	0) 
Ct. 	O 	-1-' 

-'- -- 
e) 	>-, O 
u) 	s•-■ 	O 
0., 	41) 	• ,-1 

() 	O 	4.) 

•1:5 
r-i 
O 
S-  
t./3 
r " 	ffi 
■ • 
' - ; 	H 

IL. 	%.• 

tr) 	e0 

to 
i-1 
Li 
O 

4-) 
-,--1 
C c 	O 

•,-; 	,--1 	Q,  
4-, 	o 	a) 	5-1 

-) -1 	C. 
11.) 	C 	4-1 	O 
O. O 	cd 	t..) 
OU 	Ç-■ 

4) O 
go 	.--4 	o. -a 
e' 	ed 	E 
Cli 	4.) 	-1-) 

4) 	4-) 
.c 	n" 	4-) 

O 
t--- 	c0 	C31 	ç -1 

.4-1 	(..)  

C 
O 

-,-1 
4- ) 
ceS 

CD 	O 
C) 	ti 
E 
ai 	.-I 
c •,-1 
>-, O 

-O C) 
4-) 	O 
_C 
•,-i 	)-, 
..-1 	O 

r-1 	(N1 
4-1 	4-1 

V 
'd 
O 

,--1 

E 	>, as 
•,-i 	C 	R. 
ai 	-,-i 	e 
S-1 	43 	o 
O. 	5-• 	4-) 

V 	5-, O,-4 
r, 	s-8 	,---1 ( 	4) 	•z3 	o 
X V 2 ci 

4 ) 	.--1 	g 	4- ,) 
ai 	4.) 	O 

C'') 	nt 	In 	(0 
.-I 	r-1 	,--i 	,-1 

*ri 	O 	414 	C) 
 

,•-•1 	si 	o)  

M 
i•-i 

N 
,-- 	I 

>-> o 
C a, 
D 
g) 
).-. 

c0 
,--1 

(1) 
TI 

O 9--1 
4-) 
cd 
r-3 

11:9 
O 

a) 
.-4 

o 
ry 

la' 

--e 
,--i 
-,11, 
O 

>.., 
ai 

O 
C \I 

t
i 

1 

1 

_ 

exi 0") 	V 



INSTITTJTO DE PfSQUISRS ,f,SPECIRIS 
	

DOCUMENTO N2 : A-LTC-C.2 
PÁGINA: j5,28 

MECB/SS 
	

VERSÃO: 1  

Ii - The spaeccraft avallable eiectrical power is assessed by analysir:; pf 
telemetred data and correlation with pre-launch in-plant Lest data. The 
telemetred data to be analysed pertains to: 

i) bus voltage, 

ii)bus current into the equipment units of the S/C vehicle stibsystems, 

iii)bus control current from the shunt regulator. 

After data analysis and reduction, this test allows derivation of; 

i) the power required by spacecraft equipment units and sübsystems in 
operation, 

ii) the power supplied by the solar generator, 

In) the available power margin over demand. 

It also allows the verification of the orientation of the solar array 
after comparison between computed and expected values of the available 
S.A. power. This test is to be performed in sunny periods for selected 
operating modes. 

12 - This test is to cover the change from solar-panei power supply to battery 
operation and vice versa, under eclipse/penumbra conditions. This test is 
to take loto account the changes over duration (about 2 minutes). Bus 
voltage is telemetred In order to plot the bus volt:age transients during 
the change over duration. 

13 - For any selected battery charging mede (trickle and nc-mal charging 
current and battery voltage are measured using telemetry data. Bary 
voltage is verified and compared with prelaunch measured characteristics. 
Likewise, the battery current is verified on Telemetry data. One fUll 
complete battery discharge, charge cycle, occurring during the lonest 
eclipse duration will be evaluated to determine the battery capacity. 

14 - The sa•ellite service telecommunication subsystem performance shall be 
evaluated through in orbit tests of the RF threshold, EIRP and commnnd 
operation. 

15 - The command RF threahold figure is Obtained from the two receivers by 
decreasing the TT and C uplink density until commands are no lower 
properly received In lhe associated command unit (verified by 
Telemetry). 
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16 - The telemetry EIRP is deduced from downlink power levei meauremene, 
táking into account the satellite attitude and the associatcd antenna 
pattern. 

17 - Commands will be transmitted to the satellite and their operai:len will 
be verified by telemetry. 

18 	The theme' behaviour of the spacecraft is assessed using telemetrce 
temperature data. 

19 - Vérification that telerretred spacecraft temperatures remam n witLin tht' 
predicted limits. When the launch date is known it will be performed by 
anaàysis, temperature predictions which will be compared wiLh flit 
telemetred temperatures during in orbit, testa. 

110 - The attitude control sUbsystem performance Shall be assessed by the 
analysis of the flight dynamics in orbit testa and of the torque coil 
operation experiments. 

- Flight dynamics information will be gained by recording the attitude of 
the satellíte (calculated through the sensors telemetered data, for a 
period of at least one month, and compaping it with predictions that 
will be made by analysis once the launch date and the initial satellite 
attitude are known. 

112 The torque coil operation experiment wíll be performed after at least 
three months from the launch date. The test will consist of sending an 
on -f- command to activate the torque coil, and after one day an on - 
command. After one more day an off command to the torque coil will be 
sent. The attitude record of the satellite during ali the test will be 
compared with analytical results. 

113 - The data handling subsystem in orbit test shall consist of telemetry and 
command operation testa. 

114 - Telemetry through the data handling stibsystem Shall be tested in ali its 
modes of operation. A test of stored telemetry Shall be programmed. 

115 - The telecommands through the data handling subsystem shall be sent and 
their actuation checked by normal telemetry return. 

116 - The in orbit data collection subsystem evaluation shall consist of 
power, frequency and modulation index measurements. 

117 - The payload EIRP is calculated from a Coanlink power levei measue ,  e ee, 
taking into account the satellite attitude and the associated 
pattern reference measuremcnt. 
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118 - The received frequency from the satellite payload áhall be measured and 
correlated with prc1aunch test and calibration data, mainly the 
frequency stability over temperature. The frequency of a reference PCD 
in the ground station Shall be measured too this measurements shall 
taking due account for the doffer shift. 

119 - The same reference PCD used in test 118 áhal1 be utilized for the 
modulation index test. The sane kind of test method nade for 
the modulatíon index at subsystem levei shall be employed. This test 
shall be repeated for various orbits to take into account the most 
unfavorable satellite ranges. 

120 - A reference PCD installed neer the ground station shall be used as a 
continuous transmitter and the BER calculate as a overage of the 
errors measured in 6 good fasses. 
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Si - Verify by inspection and analysis that the S/C is manufaetured 
compatible mal=ials in such a manner that ít is capable of sust:aining 
storage wittc ,ut dcgrading or changing its performance. 

52 - Verify by inspection that the S/C attachment points are properlv 
positioncd to allow the necessary functions during integration, teSting, 
handling, and transportation. Attachments specificaly designed to 
receive the solar panei covers áhall be inspected. 

S3 - The overal S/C reliability shall be verified by analysis of the 
individual equipments reliability figures. 

S4 - Service life prediction shall be effected by dynamic analysis and 
reliáhility study resuIts. 

S5 - Pre-launch tests shall be performed in the Alcântara Launching Center 
(CLA) to ensure the readiness of the S/C before launch. These tests are 
defined in A-ETC-0104. 

56 	Satellite/Launcher compatibility áhall be assertained by analysis based 
on tests 57 through S16. 

57 - Mass properties will be measured at equipment and satellite leveis. 
Prior to the satellite weight, it will be mounted on a balance sdhenek 
machine and the unbalance will be measured. If required the S/C will be 
dynamically ba1anced by placing weights at each of the two planes 
perpendicular to the z (spin) axís so that the iffibalance is below the 
specified value. A e.g. machine will be used to locate the S/C center 
of gravity. An oscillating table will be used to measure the S/C moments 
of inertia around the three axes. 

S8 - Size measurements shall be performed with the S/C assembled In the 
integration dolly by using measuring devíces. 

S9 - A fit check will be performed with the rligrit hardware of the launcher 
mechanical adapter and clamp-band to verify the dimensional 
compatibility. The requirements of A-EIF-0001 must be verified. 

Sló - The 	verification of the satellite/VLS electrical interface 
compatibility Shall be done concomitartily with S9. This test shall 
consist in verifying the continuity anu the proper identification of nil 
umbilical connections. Micro-switch operation will also be verified. 
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Si! - A separation test shall be performed.by activation of the separation 
system using a clamp-band in flight configuration. The S/C is suspended 
under a crane by its lifting points to allow the adapter to fali free 
aftr separation. 

S12 - The S/C vibration test results Shall be used to complement the 
satellite/VLS coupled load analysis in order to determine the S/C 
compiiance to the limit loads specified to occur during the launch. 

S13 - The S/C thenmal test resulta shall be used to assertain the S/C readines.5 

to withstand the pre-launch and 1aunch phases thermal environmenI:s. 

S14 - Ali possible launch windows of the S/C shall be calculated and 
communicated to the launcher agency. 

S15 - The ground segment eompatibily tests are depicted in the document TED. 

S16 - Electromagnetic compatibility and interference tests Shall be perfomed 
in the S/C identification model according with the procedures of 
A-ECE-0001. 


