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1. INTRCDUCTION AND SCOPE

This document specifies the performance, design and construction
requirements of the MECB - S1 Data Collecting Satellite at system level, and
furmishes the baseline for the establishment of the performance, design and
construction requirements of all satellite subsystems.

2. APPLICABLE AND REFERENCE DCCUMENTS

2.1 - SPECTFICATION TREE

The specification architecture of the S1 spacecraft is indicated
in the specificaticn tree of Figure 2.1.1.

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

2.2 - APPLICABLE DOCUMENTS

- AD1 - Spacecraft to Launch Vehiele Interface Definition  A-ETF-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 - Envirommental Specification A-EAB-QOOL

- AD4 - Design and Construction Specification A-ERC-0001
- AD5 - Electromagnetic 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 ADS and this specification, this specification shall 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.

INPE 41
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3. REQUIREMENTS

3.1 — SYSTEM DEFINITION

The peneral architecture of the Data Collecting Satellite System
is defined in A-ETC-0001l. The present specification concerns itself with the
spacecraft containing the payload composed of. a Data Collecting Platform
(PCD) transponder.

3.1.1 — MISSION OF THE SPACECRAFT

The MECB Program's S1 spacecraft is an experimental low Earth
orbit satellite for real time reception and retransmission of data on the
environmgnt. The satellite will fly in a nominzally circular orbit inclined
about 25 with respect to the Earth's equatorial plane, at an average altitude
near750km. During the passes visible from the Cuiaba tracking station, any
Data Collecting Platform (PCD) within the coverage angle of the satellite
payload antennas will have its UHF signal relayed 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 cnboard supervision
subsystem which comprises a computer and a telemelry encoder. The computer
will acquire, process and store data during so-~called "experimental'
operating 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
iz part of the S1 mission, to flipht qualify the computer.

The attitude stabilization of the spacecraft 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 ceil to effect
emergency and end-of-life manceuvers. It is part of the 51 mission to flight
qualify the manosuver procedures.

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

3.1.2 — SYSTEM DESCRIFTION

The satellite will be spin stebilized by the rotation imparted
by the upper stages of the launcher prior to separation. Thus the gatellite
will maintain an inertial attitude during the flight; the attitude with
respect to any tracking station will be continuously changing. In order to
allow for the effect of this varying attitude on communication with the ground,
the satellite will carrry antennas for its housekeeping and payload
commnications on its top as well as on its bottem pare 1= {top and bottom refer
to the launch configuration). This antenna arrangenent shall provide nearly
omnidirectional radioelectric coverage for the housekeeping or service
teleccmmunications and for the payload commmications downlink. The UHF

J
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receiving antennas (payload uplink) shall provide at least 50% coverage
for the data collecting experiment.

To fulfill the mission cbjectives the spacecraft is composed
of the following seven subsystems together with the payload:

1. Structure

2. Thermal Control

3. Power Supply

4. Attitude Control

5. Onbeard Supervision

6. TMTC

7. Electrical Integration.

The shape of the spacecraft mechanical structure is a right
octogonal prism whose base fits within a 1m diameter circle. The main
structural element is the central cylinder which supports the horizontal
panels. Lateral panels covered with sclar cells are attached to the horizontal

panels.

The thermal control of the spacecraft is achieved using only
passive means. Since all 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 bettom panel, and control 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 1is responsible for the housekeeping telemetry,
telecomand and ranging. It provides ESAstandard S-band telecommumication
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 mcdulate either of two
telemetry transmitters via a cross-strap switch. The transmitter cutputs are
fed to two coammmnication antennas located on the top and bottom pan=sls of the
spacecraf't, thus forming a quasi-omnidirectional radioc frequency coverage,

80 that communications are assured in all phases throughout the satellite 1life,
The TMTC subsystem employs the verified S-band concept where a single RF carrien
is used in each direction of transmission. The up-link and down-link carrier
frequencies are related by the sxact ratio 221/240 and the latter carrier is
generated 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.

INPE 49
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The sunlight illuminated spacecraft receives primary electrical
power from its solar array. The %ameh w{jindow is chosen such that the solar
aspect angle is always between 0 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 made of a charge
regulator that limits the charge current of the battery and allows charge
enly to 1/7 of its capacity. DC/DC converters will transform the main bus
voltage into the secondary regulated bus yvoltages. A power distribution
unit routes electrical power to the subsystems under telecommend action.

Sun and megnetic sensors are included for attitude determination.
Magnetic and optical data are utilized on ground to estimate the satellite
attitude. The attitude conltrol subsystem is equipped with a magnetic torque
coil for use during emergency and end-of-lifemanceuvers. This torque ceil,
when energized procduces 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, process and store data from the
various subsystems during the experimentsl stand-by mede, for later transmissior
to the tracking 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
compand lines are indicated. All telemetry signals are routed to the TM
encoder which connects these data, at the same time, to the computer's UPD/C.
A previcusly selected transmitter will transmit the telemetry signal coming
from the encoder or the computer, as required. The two receivers are
permanently 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 control its
telemetry and commndcapabilities. The DCP payload subsystem works with
its own UHF receive and S-band transmit antennas.

3.1.3 — MISSION PHASES

The 51 spacecraft will be launched by the IAE's VLS from
Alcantara, Maranhac. The complete mission is divided in six phases:

This phase starts five days before the scheduled launch time,
and corresponds, in the launch chronology to the closing of the shroud.
During this phase the spacecraft will be powered and will undergo system
tests via umbilical conmnector. At lift-off the unbilical providing external
power is disconnected and transfer is made to intermal battery power. At
this moment only the receivers and the telecommand decoder and the telemetry

encoder will ke powered. The count-down phase ends at 1ift-off.

y
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3.1.3.2- LAUNCH PHASE

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

3.1.3.3- ACQUISITION PHASE

This phase is divided in two sub-phases::

a) Orbit Acquisition Sub-rhase

During this sub-phase the orbit of the satellite will be
determined such that when it comes into visibility of the Cuisba tracking
station after the sixth orbit, the station antenna can be pointed to an |
accuracy better than * 0,59 in azimuth and elevation. This sub-phase will i
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
Cuiaba 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-phase. The satellite will provide range and
range rate data when operated accordingly by the network of tracking stations
which will support the orbit acquisition sub-phase.

b) Attitude Acquisition Sub-phase

During this sub-phase the satellite attitude will be determined
based on its magnetic and solar sensors data telemetered to the Cuiaba
tracking station. The sub-phase starts when the satellite enters the 5°
elevation anple visibility circle of the Cuiaba station in the eighth orbit
when its sensors are telecommandsd cn, and ends when the satellite exits the i
50 elevation sngle visibility circle of the Cuisba staticn at the end of the
second complete set of B passes visible from Cuiaba, approximately 49,5 hours
after lift-off. The launch window shall be such as to maximize the number of
sunlit satellite passes during the atittude determination sub-phase, Lo allow
useful sun sensor data, During the atittude determination sub-phase the
satellite telemetry transmitter, telemetry encoder and sensors are
teleconmanded of f whenever the satellite exits the visibility circle of the
Cuiagha station. The use of rangs and range rate data chall be mads only wher
the satellite is operated accordingly by the Cuiaba station.

i 11
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3.1.3.4- ACCEPTANCE PHASE

The acceptance phase starts immediately after the attitude
acquisition sub-phase and lasts one month. During this phase the initial
operation verification and the in-orbit tests are effected. The relevant
satellite equipments will be telecomménded on and off by the Cuizba station
whenever the satellite enters or exists the station's visibility circle,
respectively. This phase 1s completed when it becomes possible to make a
flight verification of the quality of PCD data provided by the mission
center. The anboard computer and data collecting payload will be operated
for the first time during the acceptance phase.

3.1.3.5- ROUTINE PHASE

The routine phase starts immediately after the acceptance
[ phase and lasts eleven months. During this phase the satellite will fulfil
its mission cbjectives. The Cuisba station will provide the telecormands for

the required operating mode changes.

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

| 3.1.3.6- ATTITUDE CHANGE SUB-PHASE

During this sub-phase the satellite magnetic torque coil
will be energized to create the necessary torque to change the satellite
gpin axis attitude. The torque ccil will remain energized for a time
corresponding to several orbits, as determined by the control center. When
the manoeuver is complete, one set of passes will be utilized for
determining the satellite attitude. During this sub-phase telemestries
and telecommands will be through the Cuisba station only.

3.1.4- OPERATING MODES

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

Table 3.1.4.,2 describes the powered equipments during each |
operating mode.

IHNPE 41
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3.1.4.1 - LAUNCH MODE . e
The launch mode will be used during launch and is characterize

by having the 1M receivers, 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 MCDE
This mode shall be employed in the follcwing cases:

a - As stand-by mode of the normal operation of the satellite when it is
not in visibility of the Cuiaba 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.

3.1.4.3 ~ ORBIT DETERMINATION MODE

This mode shall be utilized only during the orbit acguisition
sub-phase. It is characterized by the active power state of telemetry
encoder, transmitter, and temperature sensors, together with the TMIC
receivers and the TC decoder.

3.1.4.4 - ATTITUDE DETERMTNATTON MODE

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

3.1.4.5 ~ NORMAL OPERATION MODE

This is the operating mode in which the satellite will
accomplish its data collecting mission. The mode will be used only when the
satellite is in visibility of the Cuiaba 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 mode shall be utilized for the first time during
the acceptance phase.

3.1.4.6 — EXPERIMENTAL OPERATION MODE

The experimental operation mode shall substitute for the normal
operation mode in case the telemetry encoder malfunctions, or it shall be
utilized to test the onboard computer. Operation in this mode shall be only
when in visibility of the Cuiaba tracking station, and all the satellite
equipments but the Ti1 encoder and torque ccil are powered.

J
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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 satellite attitude
during the attitude change sub-phase. Tne same equipments as in the attitude
determination mede are active, together with the torque ccoil. This mcde
shall be commanded only through the Cuiaba tracking staticn, and will be
active only during the visible passes.

3.1.4. 8 - EXPERIMENTAL STAND-BY MODE

This mode corresponds to the stand-by of the experimental
operation mode, when the satellite is out of visibility of the Cuiaba
tracking station, During the experimental stand-by mode the telemetry
transmitter and the payload are turmed off and the sensors and thermistors
are commanded on or cff by the onboard computer, as needed.

3.1.4.0 - MANOEUVER STAND-BY MODE

This mode corresponds to the stand-by of the manocuver mode,
when the satellite is ocut of visibility of the Cuiaba tracking station.
The equipments powered during this operating mode are the same as during
the survie mode, with the addition of the torque coil.

3.1.4.10- DEGRADED MODE

A degraded mode is foreseen for emergency situations and the
equipment power status during this operating mode is to be determined by
proper analysis of the emergency developed.

3.1.5 - CRBIT DEFINITION

The MECB S1 spacecraft will be launched by tge TAE's launch
vehigle VLS from the Alcantara, Meranhao (longitude =-44,2 , Latilude =
-2.4 , altitude =60m) launch base CLA.

The calculated satellite injection point is:

- Latitude (0) 0 = 5,202°
- Longitude (1) A =-28.558"

and its orbit dafinition shall take into account the following conctraints:
z) The injection point will have an altitude of 750km £ S0km.

b) The injection angle error in the plane of the orbit will have an
urcertainty of * .59,

¢} The orbit inclination wiil be 25° + 1°,

mP[_': '
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’ considered:

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

The ahove conctraints are summarized in Table 3.1.5.1 which
indicates the nominal and the maximaly dispersed orbital elements.

TABLE 3.1.5.1

SUMMARY OF ORBITAL ELEMENTS

Nominal | Value with

Value dispersion
Inclination (i) 25° i_1c
Semi-major axis (a) | 7128Km + 200Km
Eecentricity (e) 0 <.0424
Gecgraphic ascending rode ( A) -39.8° o°
Argument of perigree (w ) 12.27 NA
Mean anomaly ( u ) 0o | NA
Iccentric anomaly (E) 0 NA
True anomaly ( u ) 0 NA

The spacecraft shall have no orbit control camability.
For calculation purposes the following lirits shall be

Apogee : 700Km to 1100Km Perigee: 400Km to 800Km
3.2 - SYSTEM REQUIREMENTS

3,2.1 -~ SATELLITE ATTITUDE STABILIZATION AND DETERMTINATTICN

The sapcecraft shall be stabilized by the launcher system
during the phases from launch through spacecraft separation from the
laimch vehicle. The spacecraft shall be stabilized by its own passive
means for all subseguent mission phases. A limited attitude manoeuvering
capsbility shall be provided through an onboard torque coil, but the system
design shall be such as to minimize the probability of attitude control
maroceuver being required during the design life of the satellite.

The spacecraflt attitude shall be spin stabilized through the
rotation imparted by the launch vehicle. Immediately after injection the
spacecraft spin rate shall be 160 £ 20 rpm and at the end of the
satellite lifetime, the =pin rate shall not be lower than 20rpm.

The sztellite attitude is defined as the orientation of its
spin axis (z-axis) in accordance with the salellite coordinate system
described in A-EAB-COOL.
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The satellite shall be provided with an attitude control
subsystem with the following functions:

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

. To provide the sensor signals which will be transmitted to ground for
the satellite attitude determination,

. To conduct experiments on satellite attitude contrel 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 equipped with a nutation dampgr wnich shall
be able to produce a nutation cone angle decay from 5 to 1 in less
than 5 minutes;

b) the spacecraft shall be equipped with magnetometer and sun sensors
to allow its attitude determination through data telemetersd to the
ground. The accuracy of the satellite attitude prediction shall be
better than 1 :

c¢) the spacecraft shall be eguipped with a torgue coil capable of
providing a positive or a negative magnetic moment along the
spacecraft z-axis.

3.2.2 — BATELLITE ATTITUDE DURING LIFE

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

be greater than 900. This attitude behavior shall be attained by
the choice of the launch time, by the constraints imposed on the
satellites resicual magnetic moment, and by manoeuver through an onboard
tordue coil.

The torque coil dimensioning shall be such as to allow an
| attitude manoceuver of at lsast iao/day in declination or rigat ascention
of the s2in axis. The torque coll zctuation time anc curaticn sh=ail be
determined prior to the manceuver based on the desired resultant satellite

=% LA budee,
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a) Receive signals from PCD's within the frequency band of 401,635 Miz +

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

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

d) Transmit the modulated signal in the 2267.52 MHz band to the ground station

3.2.3 — PAYLOAD RELATED REQUIREMENTS

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

The subsystem shall perform the following functions:

30 kHz.

mantaining the total medulation index constant.

The payload shall he capeble of simultaneous operation with
the service telecommunication subsystem.

The payload shall operate only during the satellite passes
which are visible from the Cuiaba data receiving station.

The payload interface and performance reguirements shall be
as in A-EIF-0002.

3.2.4 - SERVICE TELECCMIUNICATIONS REQUIREMENTS

The spacecraft shall include service telecommunications (TMTC)
and onboard supervision (0BS) subsystems to provide telemetry, command and
ranging functions during all mission phases. The ESA standard for these
communications shall be adopted.

All active elements performing the real time Til, TC and
ranging functions shall be redundant. A failure of the onboard computer
shall not cause loss of real time IM 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 available on
the ground by selecticon of appropriate telemetry parameters:

IHI’{'.-‘H
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— verification of command execution
- identification of the spacecraft operating mode
—data of onboard sensors
- house-keeping data necessary to ascertion the spacecraft operation
- data for failure analysis for remedial =actions fram ground.
The escquisition of telemetry data shell be done in accordance

with the interface requirecments 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 TMIC subsystems shall be capsble of processing
as a minimm 64 AN, 64 BL, 1 DS and 32 TH telemstries.

The telemetry data format shall be suitable for the transmission
of all TM data and shall include spacecraft identification, in accordarice with
the spacecraft to ground interface definition A-ETF-0002.

Different types of TM formats will be used for messages
generated by the TM encoder (real time telemetry format) or by the onboard
computer ( 0BC telemetry format)}, but both TM formats shall use the frame
structure prezented in A-ETF-0002.

The format generated by the TM encoder shall consist of only one
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 the real time telemetry format. The remaining frames of the
ORC format contains stored TM data, acquired along the satellite orbits

and 0BS house keeping data.

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

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

3.2.4,2 — TELECOMMAND REQUIREMENTS

The TMTC and CBS subsystems shall provide all necessary
commands to control or change the operating mode of the satellite in all
mission phases. The spacecraft shall not depend on the on-board computer

for the routing of commands in an operational basis.

>
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The essential command actuations on the satellite shall be done
by the TC decoder (direct commands) using up to 64 high-level pulses, in
accordance with the interface specifications of A-ERC-0001. Some non-
—-essential command actuations in a maximum nurber or eight are dons by the
on-board computer (normal commands).

The command reception shall be done in accordance with the
specifications of A-ETF-0002.

The TC decoder shall accept telecommand frames coded in

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

3.2,4.3 — RANGING REQUIRFMENTS

The TMTC subsystems shall be able to relay to the ground
ranging tones in accordance with the reguirements A-ETIF-CC02.

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

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

- the transponder shall contain 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 shall be
constant to within £ 70ns over the full range of doppler, input level,
temperature, voltage and lifetime;

- the phase distortion introduced by the transponder Between the
highest and lowest renge tones shall not exceed = 5 of the highest
tone;

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

~ the relaying of range tones shall be possible in both non-coherent
and conerent modes.

3.2.5 — ELECTRICAL ARCHITECTURE

The electrical architecture of the spacecraft shall take into
account:

== -
INPE 18




({053

2

3 ) Q MINISTERIO DA CIENCIR € TECNOLOGIA
(u q
_F'

INSTITUTO D¢ PESQUISAS €SPACIARIS

PAGINA: 18

MECB/SS

| VERSAQ: 2

DOCUMENTC N2 A-ETC-0002

- the electrical power supply for all equipments

between ecquipments

the necessary conmnections of command, telemetry and control lines

— the layout of the satellite to favor sensitive units and to minimize

cabling

the satellite.

3.2.5.1 - ELECTRICAL POWER SUPPLY REQUIREMENTS

The spacecraft solar arrays and battery shall be sized to
provide the spacecraft power neecds of all operating modes listed in Table
3.2.5.1.1 during the illuninated and shadow periods of each mission phase

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
Manceuver 21.3
Experimental stand-by 23.4
Manceuver stand-by 14

Degraded 34.9

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

J
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The power supply subsystem shall be specified to cover the
following conditions:

Orbital pericd: 1G0 min

-~ Maximum eclipse time: 33 min

Maximum number of passes in shadow: 5

Maximum nunber of orbits without communication: 6

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

1

Percent maximum depth of discharge: 306

0
Miniimum solar angle aspect: O

0
Maximum solar angle aspect: 80

0.4352m°
0.2176m°

Maximun area available for sclar cells: toppanel
each lateral panel

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

The main bus voltage shall be 26.5V and the other vollages

| (4157, -15v and 45v) shall be derived from it through a DC/DC converter.

The distribution of the power lines starts at the power distribution unit
(PDU) where the telecommands to turn the equipments on or off shall be

received.

3.2.5.2 - ELECTRICAL HABRNESS REQUIREMENTS

The electrical integration of the spacecraft shall electrically
interconnect all spacecraft equipments and shall provide the interactions
between the spacecraft and the ground support equipments during the integratior
and launch phases.

The electrical integration shall comply with the following
requirements:

- to distribute the power lines for each equipment
-~ to interconnect the signal lines between eguipments
- to provide the required conmnections to the wmbilical connectors

~ to provide the required interconnections between the test connectors
and the integration connector

- 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,

)
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Manufacturing of the eleclrical harness shall be in accordan:

with A-ERC-0001.

3.2.6 -~ MECHANICAL ARCHITECTURE

The mexirnm welght allowable for the integrated spacecra{t is

3.2.6.1 — STRUCTURE REQUIREMENTS

118kg, including 4kg for balance masses. Construction and design requirem nts
are gpecified in A-ERC-0001,

The structure of the MECB-81 saftellite shall be =ble to proviae

niechainical support and mounting for all onboard equipments, maintaining all
the specified dimensions, alignments and tolerances wider ail oper

e e
L

conditions. It shall provide protection against the space environmeni i
resist to all handling, testing, launching and orbital loads, as detziled

Figure 3.2.6.1.1 shows the structure shape to be detailed by

the Structure Subsystem.
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Fip. 3.2.6.1.1 - Struciurr Exploded View.
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3.2.6.2 — LAYOUT REQUIREMENTS

With respect to Figure 3.2.6.1.1, the following surfaces shall
be available as mounting surfaces for the spacecraft couipments: i

- internal face of the supericr pansl f'
- upper and lower faces of ihe central penel
- internal face of the inflerior panel. |

The extermal surfzaces of the kteral pancls and tne supsric: |
shall supply mounting areas for solar cells. On the external faces of the
lateral pznels, sclar sensor altachments shall be provided; on the intermal
faces, only the diode plates of the solar arrays may be mounted. On
external faces of the supsrior and inferior panels, attachments for ihe
anternzs shall be supplied. i

No equipment may be attached to any face of the central cylir. |
(external and/cr inlernal). The lower UHF artcnna shall be atlached |
internaily to the VLS interface flange. |

The mechanical layout digtribution shall take into account
attitude control requirements due to the satellite spin stabilization. Thesc

requirements are:

- the C,M. location shall be along the spacecraft spin axis (z-axis) with
a maximm dispersion of 10mm

- moments of inertia shall be such that

Iz

5
Tx 1.08
I=
— > 1.08
Iy

where x, ¥y and z are the principal directions of inertia

- the z principal direction of inertia shall be within a 10 cone with
respect toc the geometric z axis.

The reference system is defined in A-EAB-0001.

All final dimensions shall comply with the available volun-
for the spacecraft inside the VIS fairing as given in A-ETIF-0001.
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53.2.7 — THERMAT, ARCHTPECTURE

The spacecraft thermal control shall provide a temperature
distribution in the satellite so that all onboard equipments operate within
their design operational temperature renge under all spacecraft attitudes
of paragrapn 3,2,2,

Thermzl analysis shzall take into account the selected equipmsnt
layout,

Passive thermal control systemztics shall be used. No asctive
thermal control devices are to be used.

-

Considering the external loads (sun, earth radiation and albeds)
and the internal dissipation preifile during all possible orbits,

attitudes and operating modes, the following properties shall be
established: solar absorptance and infrared emittance of coatings inside

and outside the spacccraft, conductive couplings between electronic boxes
and panels, and conductive coupling between adjacent panels. The selected
properties shall establish a thermal model with low sensitivity to
alterations during coatings application, bonding compounds film tickness

and laycut 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 external cases shall be analysed by the equipment
suppliers.

3.2.8 - EXTERNAL INTERFACES

The spacecraft shall interface mechanicaly with the launch
vehicle through an interface flange riveted to the inferior part of the
structure central tube. The flange confipuration is as defined in
A-ETF-0001.

The spacecraft shall interface withh the check-out station
during integration and tests through an integration connector and two
umbilical connectors, and during the launch phase via only the umbilical

connectors. The integration connector shall include accesses for magnetomzter

calibration and for battery disconnection. The wmbilical connectors shall
have the configuration depicted in A-EIF-CQOL.

3.2.9 - RELTABILITY

The spacecraft shall be designed to meet the requirements of
this specification over the pericds indicated im 3.3.1.
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The subsystem designs and redundancy configurations shall be
such as to meet the twelve months numerical reliability figures of
table 3.2.9.1 following ground operations, test activities and storage
pericds,

TABLE 3.2.9.1

ALLOCATED RELIABILITY

SUBSYSTEM RELIA};ILITY (6 MONTHS) | RELIABILITY (12 MONTHS)
Payload 0.970 0.941
TMIC 0.890 0.980
Power Supply 0.970 C.941
Attitude Control 0,980 0,960
Structure 0.995 0.930
Thermal Control 0.995 0.990
Electrical Integration 0.980 0.960
0B3 0.980 0.960
Spacecraft 0.867 0.752

Subsystem designers shall provide subsystem reliability
analysis comprising reliability block diagrams, relisbility prediction,
parts stress analysis and single point failure list in accordance with the
PA plan A-GQL-CO06.

3.2.9.1 -~ SINGLFE 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 specified level. All other SPF
will be designated as a non-permitted SPF if it has failure rate greater
than 20 FITS. In such later cases effort shall be given to removing the
SPF (e.q. by redundancy or new desipgn). A waiver will be raised apalnstl
this requiremcnt only as a last resort after a through systematic and
exhauwstive invesiigation has been performed.

>
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3.3 — DESIGN AMD CONSTRUCTION REQUIREMENTS

Satellite equipment design and construction requirements shall
be in accordance with A-ERC-0CO1.

3.3.1 - LIFE

Spacecraft 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 - REDUNDANCY

Redundancy shall be used as necessary to achieve the required
relisbility figure. Single point failures shall be avoided where technically
feasible. The remaining SPFs shall be submitted to contractars approval and
its effects on spacecraft and probability of occurrence evaluated.

3.3.3 ~ 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 relisbility when caonsidered for interchange.

3.3.4 - MAINTAINABILITY

Each equipment shall be designed so that calibration can be
maintained, adjustments performed and faults identified with standard tocling
and test eguipment., When this requirement cannot be fulfilled, the equipment
contractor shall supply the contractor in charge of integration with the
necessary special tooling, together with a written procedure for using it.

3.3.5 - TEST POINTS

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

>
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The test points shall be identified in the equipment
specifications. Preferchly, all the tesl points shall be pgrouped on a dedica
comnector. Test points cn multi-pin connectors shall be designed to
withstiand, without causing damzpe, volloges above the highoest voltage on 1ial
cormnector es well as shiort clrcuits, unless a higher voltage is specifind in
a particular subsysiem., This voltzoe may be the output voltage from thar
equipment or the expceled maxinm lest Iinput voltage - whichever is th
larpgest. Shorting these Lest points to ground shall not cause damage,

A1l test comnmectors snall be provided with covers to ensure
rotection against mechanical damage vwhen the equipment is operation:
P % z

Unless otherwise specified, the protective covers shall be easily rouwovablo,

3.3.6 — SAFETY

The eguipment shall be designed and manufactured with compatibic

materials in such a marrer that all hazards associated with the equipsiont
are eliminated or minimized and controlled,

The design of the eguipment and of the subsystem shall |
capable of sustaining a failure in flight and retaining the property not to
cause damage to the launch vehicle and satellite.

Safety requirements of the launch vehicle shall be gpplicable.
3.3.7 - WORKMANSHIP

Workamariship shall be such that the design standard is not
degraded or changed. At all points during manufacturing, integration, test,
handling, storage and transportalion, the design standard shall be mzintained.
The skill level of personnecl is to be such that all aspects of workmanship
will ensure retention of the high reliebility standards.

Manufacturing and process standards shall be in accorderice with
A“GQIA—OO% L4

3.3.8 — IDENTIFICATION OF PRODUCT

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

Equipment nare

Manufacturer's

neme

i

Manufacturer's part number

Serial muobor

Controctor's part number

Mamufacturing date (year, month, day)
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3.3.9 ~ PRODUCT ASSUHANCE

The requirements of Product Assurance plan {(A-CGQL-0006) shatl
apply. Eguipment subecontractors shall develop a PA plan in accordance with
the reguirements of subcontractors PA requirements for satellite equipments
{(aD7).

3.3.10 ~ MATERIALS, COMPONENTS AND PROCESSES

Components, materials and processes used must comply with
A-GOL~0005 PA plan.,

a) Fungus Resistance |

Materials that are nutrients to fungi chall not be used when
their use can be avoided. Where used, and not hermetically sealed, thsy shall
be treated with a suitsble fungicidal agent. If they are used in a
hermetically sealed enclosure or if they are stored in a continuously
controlled environment, fungicidal treatment will not be necessary.

b) Dissimilar Metals

Contact of dissimilar metals with each other shall be avoiderd
wherever possible. Protection against electrolytic corrosion which can
result from such contact shall be provided by surface treatment of the metzls.

c) Magnetic Characteristics

Magnetic materials shall be included only when required for
preper 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

Coztings and adhesives shall be capable of withstanding the
environmental reguirement of Environmental Specification (A-EAB-0001)
without undue performance degradation. Product Assurance Requirements
(A-GQL-0008) shall be used for the selections of space adhesive materials.

e) Standard Parts

The selection, evaluation, qualification, and screening of
high reliabilily parts for gualification and flight hardware shall conform
to the requirements of Product Assurance Requirements. The engineering
model may use the eguivalent design statls parts but of a lesser reliabilily
level. Parts derating requirements of A-GQL-0006 shall apply.
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T) Procosses

Documented controlled processes and trained certified
pers=ocmnel shall be maintalned Tor @1l opcrations which may impact the

relishility or quality of the eguipment. ALl processes, such ag Lieat troctiof

polywmeriralion cuarves, soldering, protective coatings, thermal coutings,
rotting, conformal coating, welding, ete,, shall be identificd.

g) Corrosicn

Selected materials shall be of the corrosion-resistont Lyvoc of
suitably trezted to resist corrosive conditions likely to bz met in slorags
and/or normal service.

h) Organic Materiais

Organic materials selected for use in the couipments s.217 nc
outgas more than 0.1% volatile condansable materialg nor more than 1% of b
total weipht. This requirement shall not apply where less than 0.5 gramz of
a given material is used.

i) Flemmability, ToxiCity, Desradation

Materials characterized by flammability, toxidity and degradatic

shall not be used.

3.3.11 ~ ELECTRCMAGNETIC COMPATIBILITY

The equipments shzll meet all requirements of A-ECE-0001 for
rediated and conducted emission and susceptibility when tested as an
equipment, and as part of the system,

3.3.12 —~ ENVIROMMENTAL REQUIREMENTS

The egulpments shall be designed to withstand all mechanical,
thermal, climatic and other in-orbit (pressure and radiation) environmental
conditions defined in A-EAR-COO1.

3.3.13 - PRFPARATION FOR DELIVERY

All deliverable equipments shall be prepared in a manner which

will afford protection against corrovsion, deterioration and damage, from the
supply source .auntil its requirement for use. The requirements of PA plan
(A-GQL-0006) for packing, handling, identification and shipping shall apply,
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Storage and shipping containers for deliverable eguipment
requiring special handling, loading or unpacking instructions sghall be (ully
identified andd documented by appropriate procedures. Special carts andd
containers shall be used to ransport the equipment to different areas withio
thie facility to minimize risk of mishandling.

b} Packing

FEguipment subject to deterdoration, corrosion or damsgo whil
being transported shall be packed in a mamnmer and with materials necosomry o

and provided on the exterior of the package or corttainer for maintencmoe of
specific internal or extermal environments.

c) Idenlification

The contractor's complete name and address or destination of
the equipment shall be clearly identified and marked on the shipping contoiner.
Additionsal markings on the shipping container shall include the following
information:

¢ Gross weight loadec {in 1b and kg)
¢ Grosss weight empty (in lb and kg)

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

@ Caution or warning markings (i.e., to be opened under PA supervision).
d) Storage

Equipment requiring storapge shall adequately be protected
ggainst deterioration and damage to ensure life and utility for the inltended
period of time. Means shall be provided for adequate safety, preventive
maintenance and periodic inspection. Appropriate special requiremenis or
instructions dates shall be provided by the equipment contractor.

e) Shipping

The equipment container can be transported by car, closed
truck or by aireraft. Minimum/Maximum temperatures and g-sensors shall bo
usaed for shipping flight eguipments. Transportation by raillway is not
allowed.

prevent or minimize dsmage. Packing methods and instructions shall be prepsroo

|
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4, VERIFICATION

4.1 - TNTEGRATION AND TEST REQUIREMENTS

The activities of integration and test of the 5/C shall be
sequenced and planned such as to provide:

e the mechanical assembly and electrical intercomnections of the
various subsystem equipments aimed at molding them into an
electrically compatible, mechanically rigid and reliable system,

e an interface check of each subsystem after individual integration,

e successive evaluations after each major integration event to zllow 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. LI J

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
mitual interfaces and their compatibility with the mechanical
electrical, physical and operational environment of the S/C.

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

¢) Once an equipment is integrated, a test is performed and its results
shall 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 shall serve as a reference to the respective integrated
equipment.

d) After all equipments are integrated, the so called referernce tests
(8/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 ecach additional tests
applied to the S/C.

INFT 11
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l e) The S/C REF tests are representative of all phases of the S/C lifetim=.

£)

g)

h)

i)

To achieve their objective these tests shall explore all the S/C modias 1
of operations and redundancies, and shall be performed in  repealeable

conditions and with the least duration poscible. 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 detect the mutual interference between

equipments and the degradation of the critical S$/C parameters.
Thercfore, they shall necessarily include at least:

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

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

3) Analysis of all particular critical configuration recognized
during the integration and the previous tesis, or which results
from studies or of limited points in EMC-EMI,

The functional tests shall be performed througn the longest possible
equipment chain and in two distinect ways:

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

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

All operations carried out on the spacecraft shall be performed
according to previously approved documentation,

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.

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;

B
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1) The test eguipment heve sppropriate overvoltage and overcarinol
protection.

2) Yihenever possible and without deprading crformancos, 1]
g g
guslification and flighl equipinent te tC"iLPd Lh(uu’j,h cornee

savers wuntil they ars vnuegv:xwd into the satell

3) The connectors of the test equipment be such thal they proven®
inadvertent misconnections.

J) All test equipment with any associated harness and softwere chall L

I‘ul]y checked and validated prior to use with the satellite. This
plies also for mz¢hanical handling ecuipment used in  testiong U
S;"C.

k) Only a linmited number of personnel, knowledgeable in the procedurcs
will be permitted to work on the S/C at one time,

4.2 - SYSTFM TESTS

The system tests shall be effected on the $/C modzls describes in
the following section.

4.2,1 - SATELLITE MODELS

-~ Icdentification Model (MI): Composed of the sybsystems MI according
to the hardware mairix on A-GRC-0010.

~ Proto-Flight Model (PF): Composed of the subsystems flisht model
according to the hardware matrix on A-GRC-0010.

-~ Structural and Thermal Models (SM,TM): Composed of representative
models of the S/C structure and of structural and thermal equiprent
mock—ups, according to the hardware matrix on A-GRC-0010.

- Radio-eletric Mock-up (RFM): Representative of the external
geometrical configuration of the 8/C and equipped with performing
antennas, according to the hardware matrix on A-GRC-0010.

4.2.2 - REQUIRED TESTS

The required system .tests shall be in the cathepories: performonce
tests, compatibility tests, radic coverage tests, mechanical tests &l
thermal tests., A sumary of the required system tests is given in sceblic
403‘
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4.2.2.1 = PERIORMALICE TESTS

These tests shall be of a repetitive characteristic and shall
exceuted throupn the electrical chains of the S/C utilizing the
checi—out station, These tests shall be perfornmed on MI and P¥F.

4.2, 2,2 = COMPATIBILITY TESTS

A4.2,2.2.1 - ELECTROMAGNETIC COMPATIRILITY TESTS (E4C)

=

To ke performed on MI according to A-ECE-CO0L and shall  dnclu >
cnd tted  and conducted tests. The HC tests shall be repeated on FIF only if
Juportent confipguration cherngocs occur.

4.2.7,2.2 = LAUNCHER INTERFACE COMPATIBILITY TESTS

A fit check wiln the launcher inlerface shall be performed on FY,

4,2.2.2.3 = GROUND SECGMENT CCOMPATIBILLITY TESTS

A compatibility test with the ground segment shall be perforn:d
during the 5/C performance tests.

4.2.2.2.4 - MAGNETIC BALANCE TEST

The PF model of the S/C shzll be magneticaly balanced to make its
residual magnetic moment value compatible with the S5/C requiremente.
4.2.2.3 - RADIO COVERAGE TEST

Radio coverage tests shall be performed on REM.

4,2.2.,4 — MECHANICAL TESTS

4,2.2.4.1 ~ WEIGHT AND CM MEASUREMENTS

Weight and CM m2asurements shall be performed on all subsysts
cquipments prior to integration end on MI and PF. Balance masses @il
moments of inertia will be inferred from the above measursments. Cil
location shall be corrected according to the margin allowance.

4.2,2.4,2 -~ BALANCE

Balance shall be performed on PF.to obtain the neressary inerlios
margin allowances.,
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4,2.2.4.3 ~ ALIGNMENT

—— g

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

4.2.2.4.4 - VIBRATION TESTS

Sinussoldal and random vibration tests shall be performed on PF
and SM according to the levels indicated in A-EAB-CO01.

4.2.2.4.5 — SEPARATION TEST

A separation test shall be performed on SM according to A-ELF-0C01,

4.2,2.5 - THERMAL TESTS

Thermal tests under vacuum condition and IR (skin heater) shall be
performed on TM according to the philosophy and levels indicated in A-EAB-C001,

4.2.3 — DESTIGN VERIFTCATION MATRIX (DVM)

A1l tests shall be performed in accordance with cdmprehensive test
procedures delivered in advance of the relevant tests. Rigid change control
will be maintained for all test procedures and related computer programs.

Satisfactory completion of the integration and test program shall
be confirmed by a formal review of the test data which shall be in
confermity 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.

INFE 31
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4.3 - SUITIARY OF SYSTEN TESTS

RFM (V0 M PF

Performance: 8/C KEF
angd Subsystem

Compatibility

-~ EMC-FMI X
- Launcher Interface
- Ground segment:
Magnetic balance

PR e X

Radio Coverage X

Mechanical

- Mass and CM X
Balance

Alipnment
Vibration X
Separation X

N |
-

Thermal X X

* Eventually
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The following pages list for each subsystem and for the satellite, the
mininrum rendateory requirements to be verified in their respective DVM,
together with the verification method and the test descriptions.
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Al - The vibration test shall be perfommad on the SM  and PF bty mounling  the

model to an electrodynamic cshaker using an adepter and flipht Lype

separation clamp, The test levels for the M and  PF will bz

qualification and acceptance, respectively, as outlinnd in A-EAB-OCOL.

Test accelerancters end strain gages will be installed in the spacceral=
at relevant locatlions, in order to be able to compznre test resulls with
structural mathematical model predictions and to measure the levels of
vibrations applicd tc the eguipments.

Random vibration and sine vibration shall be  applied consectively 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 level run

— determination of notching levels according to measured gualification
factors

- high level sweep

- low level verification sweep for comparison to initial satellite
signature.

Notching on levels applied to the satellite during sinusoidal testirg
will be made at the resonant frequencies for the main structure {( and of
secondary structure or equipments) to prevent overstressing the structue.

During 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 performence test is perforned, the non
acessible points being inspected at that time.
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Bl - Infra-red test technique will be utilized for the thermal balance test on
on the T is to check the

thermal mathematical model employed in the design and to wvalidate the

B2 -

the IM. The purpese of the test

hardware soluticn adopted for the thermal control.

This test applied

to

the PFor to an up dated version of the TM will give an ultimate inzicaticn

of the satellite thermal control design.

For the TM test, the structure is outfitted with thermal mock-ups of all

the spacecraft equipments. Every aspect of the thermal control

subsystemn

(e.g., coatings, insulation and shields) is included on the test rodel.
Resistance heaters are used in the mock-up of all power dissipating
equipment. No functional checks are made during the tests.

Thermal balance test is performed in a space simulation chamber.

The

chamber must feature ultra-ciean vacuum pumping facilities to mantain the
required low pressure during the test, as well as liquid nitrozen cooled
shrouds to simulate the heat sink of space. Simulation of the solar
heating on the spacecraft is accomplished by the skin heater method. The

test conditions imposed will include the critical cold an warms orbits

as well as a number of eclipses.

The thermal cy¥cling test on PF is intended at wverifying the

satellite

performance under extreme vacuuam, temperature and thermal gredient
conditions. The satellite 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
maximun and minimum flight conditions, respectively, and a ceritzin margin

is added on to these values. It may be necessary to reinforce

the

temperature levels of same eguipments to ensure that they are reqguested
up to their specified temperature limits.

—_—
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Cl - Electrical continuity from the solar array to the satellite will be
verified by inspection. Each panel of the solar array will be partially
illuminated after assembly onto the 3/C. Proper integration of the
panels will be verified by monitoring the main bus voltage during partial
illumination.

C2 - Each solar panel will be tested in a non-reflective area, prior to
integration, using the solar panel test set. A xenon light pulse
simulating 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 sinulator (SAS) will be set to simulale full power
condition. The SAS output will be decreased to zero, Verification that
the bus voltages and regulations remain in their ranges irrespective of
the loads will be made via telemetry. The output of the SAS will be
increased from zero to full voltage while monitoring the bus voltages
and regulations. It will be verified that they remain in their operating
ranges as the SAS oulput is increased. During this test the SAS will
similate the solar array ripple. The Main Error Amplifier (MEA)
redundancies will be verified by stimull signals at the maximum and '
minimum SAS outputs,

C4 — This test is aimed at showing that the battery has suflicient capacity
to power the 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 on, it will be verified
that the main bus voltages remain in the specified range for the eclipse
period.

The battery DOD will be verified bu telemetry return.

C5 — This test will verify that all subsystem power requirements are within ]
specification and demonstrate that the total integrated primary power
bus loads are within the capabilities of the solar arrays and the
battery. As each subsystem is commanded on, the main bus currents will
be measured by telemetry and the power consumption of each subsystem
element will be evalusted. At subsystem level, equipment simulaticn
loads will be used. These tests shall be performed in the absence of
shunt operaticn 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 arrzy 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 repulator will also be monitored by its telemetries, and its

I redundancy tested.

INPE 94
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c7 -

c8 -

Cco -

C10 -

Cli -

Ccie -

This test is aimed at verifying the switching functions of the DC/DC
converters (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 checked. All possible operations of the PDU will be
explored by sending in the apprepriate telecomands and verifying the
telemstry returns.

This test serves to verify the operation of the battery discharge
regulator (BDR) and of its redundancy. With an initially charged battery
the EDR must maintain its output voltage wilthin 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 level.
Redundancy operation during the test is checked by telemetry. At system
level, only the BDR redundancy operation shall be checked.

A solar array simulator (SAS) shszll be used to operate the S/C under
normat sunlighl conditions. Adjustable loads shall be comnectad across
the secondary bus lines. An oscilloscope can be used to measure bus
transient response as a pulsed lcoad is used. A test battery shall be
used to operate the §8/C under eclipse condition, and the same procedure
shall be repeated as above,

The capsbility 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.

The shunt power dissipation and power 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 performed for maximum and minimun spacecraft loads.

Tn—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 modes. The

test will be repeated for the 8AS simulating maximum and minimum power fros

the solar array. The battery charge and discharge shall be monitored
throughout the test and its DOD inferred by analysis.

—
INPE 4%
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D1 — The nutation damper functional performancs shall be assessed by anelyvsd
A simplified nutation damper model shall be uscd for the damping conchord
calculation., Estimates of the matation damper constant shall include
special dyanamic conditions:

a) large initial nutation angle,
b) envirormental transverse torque effects.

D2 - An experiment shall be performed to verify the nutation decay time. An
air-bearing supported table which is a representative dynamical mo-k-up
of the S/C will be properly balanced by the instalation of weights. Tre
table will he driven to & certain angular speed about an axis naliing
desired angle with respect to the symmetry axis. A light beam fixed alove
the table will be used to obtain pictures of the axis of syimetry moticn.

D3 - The effect of the torgue coil on the S/C attitude shall be assessed by
analysis through the knowledge of its magnetic moment and of the residual
magnetic moment of the S/C,

D4 - At the equipment level the torque coil moment shall be obtained by the
direct measurement of the magnetic field created at its center wnhen
energized. At system level, this moment shall be inferred to an accuracy
better than 1 An’, by measuring the perturbation caused in the iocal
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 table 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 An’ . The S/C magnetic
moment with de-energlzed equipments shall be inferred by a measur-mont
similar to the one described in D 4.

D6 - At the equipment level the magnetometer performance shall be verified
through the measurement of a calibrated field (to an accuracy of 5 mG)
created by a Helmholtz coil system. At system level, 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 similator will create the
necessary spin effect. The test shall be aimed at verifying:
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a) Sensor field of view,
b) Sensor resolution and accuracy around the field of view.
¢) Sensor output stability and sensitivity to the spin rate.

D8 - Alignments of the integrated sun and magnetic sensors shall be opticelly
verified to an accuracy of * 0.25° relative to all spacecraft axes.
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The conmmand cperation will te tested by sending Execution Data Pacla oo
to generate he commands and verafying the existence of pulses at propor
command oulputs at subsystem ievel and checking the switch status in L
received telemetry Trames at system level. All commands in both modes of
operation will be checked.

Wrong patterns will be generated in the Memory Load Command to  test L
capsbility of the Command Analizer Routine to detect them. The resali ol
the verification will be sent in the telemetry frames,

Command sensitivity will be tested al system level as a function of Uhw
receiver input power to show the threshold of the complete c¢hain.
Threshold will be defined as the power level at which at least 204 of
the commands are verified.

The telemetry operztion will be verified testing the real-time telemctiy
and the storage telemetry.

The real-time telemetry will be tested, at subsystem level, by aplyin:
predetermined signals at the telemetry chamnels of the DH and verityiro
the received telemetry frames using the on Board Test Checkout Systam
(MISE). At system level, the values of the telemetries present in the
received frames will be compared with the expected values.

The storage telemetry will be tested, at subsystem level, by applying a
predetermined time-varying signal at each telemetry channel inpui of the
DH and verifying whether the correct wvalue will be present at the
storage telemetry fremes. At the system level, the values of the acquirsd
telemetries presenl  in the storage frames will be compared with the
expected values.

The software will be validated using the Lab. Prototype supported by ths
software Development Station (HP 69000) and the MTSB following ‘ne
procedures defined by the IFEE std 829-1983,

The DH will have diagnosis routines for self-testing. These routines will
be initiated by an Execution Data Package which provides the initial
values for the tests. The results of the diagnosis routines will be sent
in the telemetry frames.




A-RTC-0200!

(=
o

DOCUMENTO N2:
NA, Al

PAGI

1

VERSAQ!

INSTIYUTO L€ PESQUISAS ESPRCINS

W jed JdGaas LTI i
X A3TITQRACA PUBLLOD SSTES 224
| X MV TErDISEE | pRa
X | X Aetsp eseud | gzi |
X uotaeTnpow Butiuey | z2
| X UOTHRTNpOW AIGSURTSL | 24
| ¥ estou aseyd Jnding 7 oed |
X X wns3osds pojernpor 1 6l
X _ X A31T1TqRas Aouenbasy | grg |
X | X UoTSSTUS STOTINdS | T4 |
X X Rougnbeay anding | 9rd |
! X AtariTsuss andano Butduey ! Grg
X AYTATATSUSS 09PTA pUBUWO) | pig
_ X UOTABTOPOUAD Wd | £ |
“ X asuodsar 09Y - 214
% X MrATIoRTss | T
i X sBuex Sutxoeal | o3
X _ X UOT1TSTNDOR JaTdIE] _ 6 |
| X prOYsaIyy UOTITSINDOY ;| g4
X : X Aousnbauz 3594 J5AT908Y | "
X H_ X Jamod gndang ' gy w
_ _ X SOT]STUSL0BIBYD FTWSURI] BUUSlUY _ Gl
__ _ X HIT | v |
| | X , surgedads) SSTOU BUUIIUY _ el |
b4 ’ SOT}STIS]IBIRYD SATIOAX BUUILUY 23
| X | L/D sate02y 14 _
I _ _ _
“ | NOLLVOINNKAODTTAL FDIANAS _
_ _— . 1531 7 _ _ |
e e NOTIOJISNT INEWINDE | SISATYNY !
LIEHO NI TISAS | S/s H INTEH IO amme

CGOHLIW NOLLVOIATHIA




|
& |
&= _
| X
| =
5
| <=
|
| i
I =z
]
_mUrDl
I
| = & ..
= 3
| = MHhm
| 3 £ v |
_mamm_
| &8 & > |
1
_ |
71—
| | 1
I | l
! ! i
| —
| |
-
= |

v | LN

=A

MO E T

N

[ Faae ™ ™3
FERR ¢

o

o/ INSTITUTO D€ PESQPUISAS €SPF

. P

g

MECBE/SS

, |
| “
. ﬁ | __
| | |
| _ 7 _ _
| | W
_ | | _
| | |
i _
| | | |
\ !
| | |
_ _
| |
. _ y | BUTIO] TUOW AILSWRTST ged
| _ X "_ RJTATITSUSS pURUILO) Sed
_ m X m aous3dedoe PJIOM OUAS puB SSauDpy | yEd
_ _ _ X _ soueydecoe PIOM 2pOy | EEd
_ | _ X ooue1daose pIoM pUBMLIO) | 2Ed
w X ooue1deooe auesy | Ted
| X 90BFISIUT TBTIDS 3TA-bE A oed
¥ X { SpUBMLOD 303aTq | 624
| | X uoTyBIedD pUBLIO) | 824
| X | | uoTjesado yotendg | L2d
—ery T . m_mmﬂ_ |
| e S NOIJDEJISNI JNSHAINOH | SISATYNY .
| IR0 NI | WEISAS | | S/8 _ NI TOORY Mms
| " .
M AOHZAK NCILVIIATMAA m P




r2 -

3 -

F4 -

5 ~

F§& -

F8 -

Fg -

INSTITUTO DE £ s GUISAS ESPACIALS % DOCUMENTO N2 a_jic-000p
—————— N FAGINA™ A17
MECB/SS VERSAD! 1

The receive G/T will be evaluated by analysis using the measursd an 4
characteristics, the anltorna noilse temperature znd the valus of 1h
transponder noise figure.

The measured antenna receive characteristics (gain, diagram and a7
ratio) shall be obtained through the RFM test results. This test will
follow the outline detailed in the subsystem test procedure.

The antenna noise temperature is obtained by analysis using the meszsu
antenna characteristies and the equivalent noise temperature of carth s~
space. This calculation will follow the outline detailed in the subsyston
test procedure.

The EIRP coverage 1is calculated using the antenna trancmissioo
characteristics and the measured RF autput power.

The measured antenna transmit characleristics (gain, diagram and axial
ratio) shall be obtained through the RFM test results. This test -will
follow the outline detailed in the subsystem test procedure.

leasure the output power of an umodulated transmit carrier at the
antenna port.

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 cormector. The frequency at which the SPE
is zero is measwed. This test is performed for input powers of -115dBm
and -50dBm. At system level this test is performed at the antenna port

for input lavels 3dB higher and the SPE is monitoredat the telemetry of

the decoded frames.

Measure the minimum RF 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.

An unmodulated carrier is swept by 150kHz 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 be
performed for input powers of -50dBm and -115dBm and shall be repeated o
number of times to estimate the probability of carrier acquisitivi. Al
system level the test is performed at the antenna port increasing Lhe
power levels by 3dB and verifying the lock status in the decoacd
telemetry frames,
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F10 ~ An unmodulated carrier with power level of -115dBm is applied to the

Fil

F12

Fi3

F14

F15

Fi6

F17

transponder input. Th: maintenance of lock is verified at the toot
connector while the carrier is swept by!

t60kHz ebout the nominal frequency at a rate of 32kHzA

+80lkHz ebout the nominal freguency at a rate of 3kHz, s

+115kHz about the rest frequercy at a rate of 5kHz/s

The test is repeatedfor an input power level of -bOdRm. At systein lovel
this test is performed at the antenna port for an input level 2dB hipwr
and the lock verified at the decoded telemetry frames,

An unmodulated carrier at -35dBm is nanually swept by #1lOXXIz about i
nominal freguency at the transponder input port. The ACC level is
monitored at the test connector. The frecquency seleclivity is derivo
from the AGC calibralion curve and the measured AGC response.

The power of an unmodulated carrier at nominal receiver freguency ico
varied from -115dBm to -50dBm and the AGC response is measured at [lne
test comnector. The AGC response time is measured with an oscilloscopx
by applying a C.25Hz square wave modulation to the carrier.

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

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

The ranging output sensitivity is measured with an input PM signal of
~115dBm level 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.

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

Feed the transponder input with an wummodulated carrier of -90dBm at
noiminal Irequency and measure the relative amplitude of spurius
emissions with respect to the transmit carrier in a spectrum analysrr,
up to 8CGHz. The test will be repeated with the transmit carrier
modulated by TC and ranging tones at nominal modulation indexes. 1Yhe
test is also performed in the non-©olerent mode with and withoul
telemetry subcarrier,
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F20

F18 - The output frequency setting is measured for transponder operaiiun

the echerent and non-coherent mode. The frequency stability is measinred
over the specified temperature and power supply variations accordipe  to
the outline described in the subsystem test procedure. The long tor
stability is measured by recording the reading of a frequency countor
with 3s gate pericd during 15 minutes,

F19 -~ Modulate a -90dBm carrier with test tones of 20kHz and 100kHz wiih

nominal peak modulation indexes and fee? the transponder input © ot
Feed the telemetry subcarrier input wich a 65,535 kiz tone of 3 V ol

to peak. Measure and record th2 spectrum of the cutput modulated carvicr
with an spectrum analyscr in a 1,5MHz freguency span.

I

Feed the transponder input port with an unmodulated carrier at nominzl
frequency and -115dBm. Measure the output phase noise integrating “ns
noise from 10Hz 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 index of
the transponder output signal using a modulation analyser =zt ths F
output of the telemetry receiver, or at the IF output of a down
converter, For a fixed voltage level of 3 Vpp sweep the test tone from

3kHz to 1.5MHz and record the modulation index values.

F22 - Feed the range videc input with test tones of 16kHz and 10kHz and
voltage varying from C,1 Vpp to 3 Vpp. Measure the modulation index of
the trangponder output signal using a modulation analyser at the IF
output of the telemetry receiver, or at the IF oucput of a dovm
converter. For a fixed voltage of 2 Vpp sweep the test tone from 1,2kHz
to1® SMHz and record the modulation irdex values.

F23 - For ranging tones of 16.20 and 100kHz (sequentially}, measure the tone

delay by comparing the phase difference between the gnerated and
received (at the check-out station receiver) tones. For calibraticn of
the test equipment, the check-out station transmitter will generate a
carrier at the down-link fregency which will be fed directly to the RF
input of the check-out station receiver. The ambiguity resolution is
obtaine 1 by analysis of the tone delay test results.

F24 - For the same input as in test F19 measure the AM medulation index of Lo

output signal using a modulation analyser at the IF Output of liw
telemetry receiver or at the IF output of a down-conventer.

F25 - Estimate the false command probability from the bit error 0

measurement and the soue'eh test résult.
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F26 — Apply to the TC decoder input a PSK/NRZ-L  subcarrier wilh nomincl

F28 -~

F29 -

F3l -

F32 ~

F33 -

frequency and bit rate, modulated by a TBD bit pattern plus pgaus=izn
noise with spectral density such that E/No=16dB. ieasure the bit erior
rate of the demodulated NRZ-L data stream at the test connector using 4
BER meter,

Change the E/No ratio at the TC decoder input from 16dB to BdB ond
verify at the test connector the squelch operation. The input E/No valus
at which the squelch operates is measured.

The command opesration is assessed from measurements of each of the
direct command output pulses and of the 24-bit serial output.

Apply to the TC decoder input a PSK/NRZ-L subcarrier at the nominal
frequency and bit rate, modulated by on/off command messages. Verify for
each H/L output the commend pulse characteristics. At system level this
test is performed 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 frames.

With the same conditions of as in ¥F29, but modulated by memory Iload
serial messzages, verify at the 24 bit serial interface output, the
transmission of clock, data and sampling signals.

Verify the frame acceptance using test results of address eand
sinchronization word, mode word and command word acceptance.

Apply to the TC decoder input a PSK/NRZ-L subcarrier with nominal
frequercy and bit rate modulated by an ON/OFF command message. First
verify at each of the ON/OFF 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 command outputs. For menory
load command the same procedure 1is repeated and the 24 bit serial
interface output verified. This test will follow the outline detailed in
the subystem test procedure.

With the same initial conditions as in F32 but introducing errors (0 or
1} in each of the mode word and repeat mode word, verify the command
actuatiors. This test will follow the outline detailed in the subsystem
test picceuure.

F34 - With the same initial conditions 18 in F32 but introducing errors (0,1

or 2) in each of the initial an final ASW'S, verify the cooud
actuations. This test will follow .the cutline detailed in the subsviiom
test procedure,
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F35 -~ Command sensitivity is tested at system level as a function of vt o
port input power to show the threshold of the command system. The ir; ol
signal is modulated by the TC subcarrier with a 1 rad modulation ind .
Threshold will be defined as the power level for wnich at least o7
the commands are executed,

F36 — Verify the operation of the teclemetries provided Ly the subovel

4

monitorig che telemetry oulputs at the tesl connector,
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The equipnent will be commarxied on having an input carrier at 401.020001-
of -100dBm and the time elapsed to cbtain the correct AGC and outpul UF
power telemetry lecture will be measured.

The receive G/T will be evaluated by analysis using the measured anlonnn
characteristics, the antenna noise temperature and the transponder nois
figare.

The equiprent noise temperature will be measured through the tost
comector IF output using a spectrun analyser and a power metor (o
evaluate the signal and noise powers.

The measured antenna characteristics cobtained through the RFM will L=
utilized.Tnis test will follow the outline detailed in the subsystom
test procedure.

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

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

Compute the FIRP coverage using the antenna characteristics and the RF
output power.

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

Same as G4 for the 8 band antenna.

An input carrier at 401,635MHz will be varied from -125dBm to -95d4Bm 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,

With two input carriers at 401,62MHz and 401,635MHz with -95dBm each,
the intermodulation products sk 11 be verified in the output with an
spectrum analyser,

Gl2 - The short term frequency stability shall be measured by DIT's HP system.
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G14

G15

G16

G17

G13 ~ With an input carrier at 401,635MHz and -100dBm the AM modilaticn

ghall be measured with a modulation analyser at the IF oubput of
check-out station receiver cor at the IF port of a down-converter.

The group delay slope shall be measured with a 401,635MHz  input si

AM modulated by a 25Hz sipgnal. The AGC telemelry signal shall
ccnpared in a phase detector with, the 25Hz modulaling signal.

Measur: output freguency with no input signal,

With a carrier in 401.665MHz and -9tdiEmregister the RI outpul sig

using a spectrum analyser up to 8GHz.

fn nput carrier with -50dBm will be manually swept from 200MHz

1TIGSKE

nsl

to

600MHz and the IF output of the test comnector and the PM modulation

index verified.
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Hl - To provide verification by analysis that the harness losses are within
the specifications.

H2 -~ The objectives are to verify the following:
. End-to-end contiruity on all power and return wircs.
. Integrity of all wire paths including switch and thermistors.
. Open eircuit voltage on all power cornectors.
. Unit contact resistence.
. Certain redundant wiring paths.
. Growding.
. Insulation.
« Bending.

. Upon completion of the harness shakedown, all connectors may be gafely
mated so subsequent tests and calibrations can commence.
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I5

Il - The spececrafl available electrical power is assessed by analysis of

telemetred data end correlation wilh pre-launch in-plant lest data, Ths
telemetred data to be analysed pertains to:

i) bus voltage,

11) bus current into the equipment units of the S/C vehicle subsystems,
iii) bus control current from the shunt regulator.

After data analysis and reduction, this test allows derivation cf:

i) the power required by spacecraf't equipment units and subsystons in
cperation,

ii) the power supplied by the sclar generator,

iii) the available power margin over demand.

It also allows the verification of the orientation of the szolar array
after comparison between computed and expected values of the availzble

S.A, power. This test is to be performed in suny periods Ior selected
operating modes.

I2 - This test is to cover the change from solar-panel power supply to batlery

operation and vice versa, under eclipse/penumbra conditions, This test is
to teke into account the changes over duration (about 2 minutes). Bus
voltage is telemetred in order to plot the bus voltage transients during
the change over duration.

I3 -~ For any selected battery charging mode (trickle and ncmal charging

current and battery voltage are measured using telemetry data. Battery
voltage is verified and compared with prelaunch measured characteristic:s.
Likewise, the battery current is verified on Telemetry data. One full
complete battery discharge, charge cycle, occurring during the Ilongost
eclipse duration will be evaluated to determine the battery capacity.

I4 - The satellite service telecommunication subsystem performance shall be

evaluated through in orbit tests of the RF threshold, EIRP and commond
operation.

— The command RF threshold figure is obtained from the two receivers by
decreasing the TT and C uplink density until commands are no lompcr
properly received in the associated command unit (verified by
Telemetry).
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I6 - The telemetry EIRP is deduced f'rom downlink power level measureisiil.:,

taking into account the satellite attitude and the associated antermia
pattern.

I7 - Commands will be transmitted to the satellite and their operation will
be verified by telemetry,

I8 ~ The thermal behaviour of the spacecraft is assessed using tlelemetirco
temperaturs data.

I9 - Verification that telemetred spacecraft temperatures remain within the
predicted limits. When the launch date is known it will be performed by
analysis, temperaturc predictions which will be compared with f13i [t
telemetred temperatures during in orbit, tests.

110 - The attitude control subsystem performance shall be assessed by the
analysis of the flight dynamics in orbit tests and of the torque coil
operation experiments.

I11 - Flight dynamics information will be gained by recording the attitude of
the satellite (calculated through the sensors telemetered datz, for a
period of at least one month, and comparing 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 will be performed after at least
three months from the launch date. The test will consist of sending an
on + command to activate the torque coil, and after one day an on -
comand. After one more day an off command to the torque coil will be
sent. The attitude record of the satellite during 211 the test will be
compared with analytical results.

I13 - The data handling subsystem in orbit test shall consist of telemetry and
cormand operation tests.

114 - Telemetry through the data handling subsystem shall be tested in all its
modes of operation. A test of stored telemetry shall be programmed.

115 - The telecommands through the data handling subsystem shall be serit and
their actuation checked by nomal telemetry return,

I16 - The in orbit data collection subsystem evaluation shall consist of
power, frequency and modulation index measurements.

I17 — The payload EIRP is calculated from a ccenlink power level measurvonit,
taking intc account the satellite attitude and the associated ant ... :
pattern reference measurement.
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118 -

119 -

120 -

The received freguency from the satellite payload shall be measured and
correlated with prelaunch test and calibration data, mainly the
frequency stability over temperature. The frequency of a reference PCD
in the ground station shall be mzasured too this measurements shall
taking due account for the doffer shift.

The same reference PCD used in test I18 szhall be utilized for the

modulation index test. The same kind of test method made for det=rining

the modulation index at subsystem level shall be employed. This test
shall be repeated for various orbits to take into account the most
unfavorable satellite ranges.

A reference PCD installed near 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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51 - Verify by inspection and analysis that the S/C i1is manufactured wi'h
compatible mat=~ials in such a manner that it is capable of sustaining
storage withcout degrading or changing its performance.

S2 = Verify by inspection that the S/C attachment points are properly
positioned to allow the necessary functions during integration, testing,
handling, end {ransportation. Attachments specificaly desimed to
receive the solar panel covers shall be inspected.

S3 - The overal S/C reliability shall be verified by analysis of t{he
individual equipments reliability fipures.

54 - BService life prediction shall be effected by dynamic analysis and
reliability study results.

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

S6 ~ Satellite/Launcher compatibility shall be assertained by analysis based
on tests S7 through S16.

57 - Mass properties will be measured at equipment and satellite levels.
Prior to the satellite weight, it will be mounted on a balance schenck
machine and the unbalance will be measured. If required the S/C will bhe
dynamically balanced by placing weights at each of the two planes
perpendicular to the z (spin) axis so that the imbalance is below the
specified value. A c.g. meachine will be used to locate the 8S/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 8/C assembled in the
integration dolly by using measuring devices,

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

$10 - The verification of the satellite/V1S electrical interface

compatibility shall be done concomitantily with S89. This test shall
consist in verifying the continuity and the proper identification of all
unbilical connections. Micro-switch operation will also be verified.
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S11 - A separation test shall be performed by activation of the separation
system using a clarp-band in flight configuration. The S/C is suspended
under a crane by its lifting points to allow the adapter to fall free
after separation.

512 - The S/C vibration %est results shall be used to complement the
satellite/VLS coupled load analysis in order to determine the S$/C
comnpliance te the 1imit loads specified tc occur during the launch.

513 - The S/C thermal test results shall be used to assertain the §/C readiness
to withstand the pre-launch and launch phases thermal environments.

S14 — All possible launch windows of the S/C shall be calculated ond
communicated to the launcher agency.

S15 ~ The ground segment compatibily tests are depicted in the document TED.

$16 - Electromagnetic compatibility and interference tests shall be performed

in the S/C identification model according with the procedures of
A-ECE-CO01.




