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1 INTRODUCTION

l.l About This Document

The Baseline Description Document (BDD) is a to~level overview of the Earth Observing System
(EOS) AM Spacecraft, the associated ground equipment, and the software necessary to operate the
Spacecraft. This document also describes some of the key technical aspects of the EOS program,
including Reliability, Operations, Integration and Test, and the interfaces between the Spacecraft
and other facilities.

The Baseline Description Document is not a requirements document. The BDD is descriptive, and
is meant to supplement, not substitute for, the various specifications and other documents which
provide formal control of the EOS-AM Spacecraft design and of its development. The hierarchical
relationship among these documents is shown in Figure 1.

The BDD will not be subject to formal control, and therefore is subordinate to all of the contractually
related speciilcations and interface control documents (ICDS). This issue of the BDD is intended
to reflect the design baseline that will be presented at the EOS–AM Spacecraft PDR which will occur
in September 1993.
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1.2 Program Organization and Responsibility Areas

The BDD primarily covers aspects of the EOS Progmm which are responsibility of Martin Marietta
Astro Space (Astro Space). An organization chart of the Astro Space EOS-AM Program
Management OffIce and related functional organizations is provided in Figure 2. The
cognizantiresponsible persons identiled with particular subsystems or program functions, as listed
in Table I, should be able to provide more detailed and definitive information in their areas, as
needed.

Table I. EOS Spacecraft Subsystem and Functional Responsibilities

Subsystem/Functional Area BDD Responsible
See(s)

System Engineering and Interfaces 2–3 D. Benko/K. Johnson

Reliability 3 W. Schweigert

Instrument Accommodations 4 N. Benko

Structures and Mechanisms Subsystem (SMS) 5 S. Raymus/H. Silverman

Thermal Control Subsystem (TCS) 6 D. ChalmerdH. Bond

Electrical Power Subsystem (IX%) 7 N. Nassar/P. Callen

Elecmical Accommodation Subsystem (EAS) 8 S. Holaday/D. Benko

Guidance, Navigation, and Control Subsystem (GN&CS) 9 J. Lombardo/J. Herberg

Propulsion Subsystem (PROPS) 10 L. Rattenn~. Ford

Command and Data Handling Subsystem (C&DHS) 11 M. Roza/B. Blau

Communications Subsystem (COMMS) 12 T. Milboume/B. Blau

Ground Support Equipment (GSE) 13 K. Rankin/E. Keeling

Software 14 A. Franz/J. Gelover

Integration and Test (I&T) 15 E. Keeling/J. Bather

Operations and Ground Systems 16 R. Talipsky

Operational Ground Facilities 17 E. Braknis
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2.1 Background

The Earth system has always been in a constant state of change. There is, however, scientilc
evidence that suggests that human activities are now effecting the change of several key components
of the Earth system. A long-term global study of the Earth as a complex, integrated system is
required to monitor and aid predictions of both natural and human-induced effects. Observations
are needed that will provide a characterization of the planet as a whole and provide detailed
measurement of regional variations. Remote sensing of the Earth’s environment from Space
provides a global perspective that can yield the quality and quantity of data that is needed to gain
a true understanding of the Earth system.

2.2 EOS Definition

NASA, along with several other government agencies, has been charged with developing a detailed
understanding of the Earth system. NASA’s institutional response is known as “Mission to Planet
Earth.” The “Mission to Planet Earth” consists of a series of scient.illc and flight opportunities. The
major component of this mission is EOS, the Earth Observing System.

The EOS program will combine spaceborne observations of the Earth and data processing,
archiving, and distribution with a scienttilc research effort. This integrated approach is best
characterized as an information system providing the geophysical, chemical, and biological
information necessary for an intense study of planet Earth.

The EOS program has three primary components:

The EOS Scientific Research Program:

The EOS Scientiilc Research Program concentrates on building and
complementing the Earth science research efforts of NASA arid other research
agencies.

The EOS Data and Information System (EOSDIS):

The EOSDIS will provide computing and networking facilities supporting EOS
research activities, including data interpretation and modeling; processing,
distribution, and archiving of EOS data and command and control of the
Spacecraft.

The EOS Spacecraft:

Each EOS Spacecraft will carry a unique set of scientiilc instruments and will
focus primarily on global observations of the Earth from near-polar orbits. The
EOS Spacecraft will provide in total a 15–year comprehensive series of
measurements of the key components and interactions of the Earth System.
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EOS is NASA’s

s

primary contribution to the U.S. Global Change Research program (USGCRP),. .

serving as the cornerstone of USGCRP’S effort aimed at addressing issues of climate change. The
USGCRP is an integrated effort of nine U.S. government agencies (NASA, National Science
Foundation, Department of Interior, U.S. Department of Agriculture, Environmental Protection
Agency, Department of Energy, Smithsonian Institution, Department of Defense, and the National
Oceanic and Atmospheric Administration), as major contributors, charged with the goal of gaining
an understanding of the interactive physical, geological, chemical, and biological processes that
regulate the total Earth system to allow for the eventual prediction of climate change as an input to
policy formation.

Figure 3 shows the seven science priority areas that comprise the overall scienttilc research effort
for EOS. It should be noted that all of the research topics listed in the figure are essential for
developing an accurate perspective of the Earth system.
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Figure 3. Global Change Science Priorities

Based on recommendations from the lntergovemmental Panel on Climate Change (lPCC), the
Environmental Protection Agency, and the Committee on Earth and Environmental Sciences, the
instruments selected for use on EOS will study:

● clouds, radiation, water vapor, and precipitation;

● oceanic productivity, circulation, and air-sea exchange;

● sources and sinks of greenhouse gases
with emphasis on the carbon cycle;
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“ changes in land use, land cover, primary productivity, and the water cycle;

● polar ice sheets and the sea level;

. the coupling of ozone chemistxy with climate and biosphere;

. volcanos and their role in climate change.

These issues are consistent with the priorities listed in the above Figure 3.

2.3 Mission Objective

The goal of the EOS science mission is to advance the understanding of the entire Earth system on
a global scale, by developing a detailed understanding of the components of the system, the
intemelations among them, and how the Earth system is changing.

The fundamental objective of the EOS science mission is to provide the user community (science,
industry, policy) with the f~st comprehensive long–term measurement and data system speciilcally
aimed at global change issues.

The instrument set was selected to combine high-priority new measurements with continuation of
critical data sets begun by missions that preceded EOS such as Upper Atmosphere Research Satellite
(UARS) and Ocean Topography Experiment TOPEX/Poseidon. Figure 4 relates USGCRP science
priorities to the instruments selected to fly on the f~st EOS Spacecraft @OS–AM). These
instruments are:

ASTER: Advanced Spaceborne Thermal Emission and Reflection Radiometer high
resolution images of land surface, water, and clouds from visible through thermal
infrared wavelength for climatological, hydrological, biological and geological
studies.

CERES: Clouds and Earth’s Radiant Energy System; long–term measurements of Earth’s
radiation budget through observations of both short and long–wave radiation.

MISR: Multi–Angle Imaging Spectro-Radiomete~ global maps of planetary and surface
albedo, aerosols, and vegetative properties.

MODIS: Moderate-Resolution Imaging Spectroradiometer measurement of comprehensive
biological and geophysical processes, at the Earth’s surface, surface temperatures,
and cloud properties.

MOPITTl Measurements of Pollution in the Troposphere; measurements of atmospheric
concentrations of CO and the CH4.

2.4 EOS-AM Mission Characteristics

The first in the series of EOS Spacecraft, EOS–AM, is being developed under the direction of
NASA’s Goddard Space Flight Center (GSFC) with Martin Marietta Astro Space as the prime
contractor for the EOS–AM Spacecraft bus and the integration of the EOS–AM instrument set to
the Spacecraft bus. The fully integrated Spacecraft is composed of the Spacecraft bus, which
provides housekeeping resources to the instruments, and the AM instrument set. This document
describes in detail the EOS–AM Spacecraft.

7 DCCO61O93



DN-SE&I-010
10June 1993

=

AM INSTRUMENT SCIENCE OBJECTIVES

USGCRPObfictive Measurement Instrument

EClimate&
Hydrologic

Systems

YEziiiY
Figure 4. Instrument Contribution to the Science Mission Objectives

The EOS–AM mission requires that the Spacecraft be in a high inclination, sun–synchronous orbit.
The nominal orbit parameters are:

Equatorial Altitude:

Meart Semi–Major Axis:

Mean Inclination:

Mean Eccentricity:

Mean Argument of Perigee:

Descending Node:

Injection orbit:

Perigee Altitude:
Apogee Altitude:

705 km (nominal)

7078 km (nominal)

98.2 degrees (nominal)

0.0012 (frozen orbit)

90 degrees (frozen orbit)

10:30 a.m. * 15 mirt (local mean solar time)

550 km (nominal)
<705 km (nominal)

Ground Track Requirements:

Ground Track: *20 km, at all latitudes, cross-track
Repeat Cycle: 233 rev., 16 days
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This orbit allows the instrument set to observe any portion of the Earth on a periodic basis under
nearly constant solar illumination conditions. The EOS–AM Spacecraft is scheduled to be launched
from Vandenberg Air Force Base in June of 1998 on an intermediate class launch vehicle. The
mission orbit will be maintained by planned occasional propulsive maneuvers.

The AM instrument set produces data at high rates, up to a total of 110 Mbps. In order to process
this large volume of data, the Spacecraft stores the data in a solid–state recorder (SSR) and later plays
it back through Tracking and Data Relay Satellite System (TDRSS) at a rate of 150 Mbps. This
method allows the Spacecraft to require only 20 minutes of TDRSS time out of an approximately
100-minute orbit. To allow for operational flexibility, the Spacecraft carries enough on–board
storage capacity to store 140 Gbits of packetized instrument data. In order to operate without
continuous contacts, the Spacecraft is operated via an uplinked plan which autonomously operates
the data collection function of the Spacecraft. The execution of this plan commands instruments
into different data-generating modes and adjusts data storage within the SSR accordingly. The plan
is uplinked to the Spacecraft once per day concurrent with one of the 2CHni.nuteTDRSS downlink
contacts. It is also during these contacts that Spacecraft operation and monitoring tasks occur.

In addition to the TDRSS communication links, the Spacecraft also has a direct-t-ground system,
the Direct Access System (DAS). This system has the capability to transmit data directly to ground
stations on either a continuous or scheduled basis, depending on the rate and type of data required.

DCC061093
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3 EOS-AM SPACECRAFT’DESCRIPTION

3.1 General

The EOS–AM Spacecraft is constructed with a truss-like primary structure built of graphite+mxy
tubular members. This lightweight structure provides the strength and stiffness needed to support
the Spacecraft throughout its various mission phases. The graphite-epoxy structure also supports
the tight pointing accuracy and alignment required for instrument operation. These pointing and
stability requirements also drive the use of high–accuracy star trackers in the attitude control system
and the generation of high–fidelity on–board navigation data via TDRSS Doppler information.

The instruments are mounted on the nadir-pointed side of the Spacecraft in order to provide the
appropriate optical and thermal fields-of-view for the instrument optics and radiators. The zenith
face.of the Spacecraft is populated with equipment modules (EMs) housing the various Spacecraft
bus components. The EMs are sized and partitioned to facilitate pre–launch integration and test of
the Spacecraft. The external panels of the EMs generally act as thermal radiators or they are covered
with thermal blankets in order to maintain component temperature control. In order to support
Instrument heat rejection, a capillary-pumped heat transport system (CPHTS) carries heat from
some of the instruments on the Earth-facing deck to radiators on the cold side of the Spacecraft.
The propulsion module is located inside the aft end of the Spacecraft where it is installed after it is
built up and tested as a separate unit.

A large single-wing solar may is deployed on the sunlit side of the Spacecraft. Locating the array
on this side maximizes both its power generation capability and the cold–space field-of-view
available to instrument and equipment module radiators. This large solar array is required to support
the instrument power requirements of over 1.2kilowatts and the housekeeping power requirements
driven by the high instrument data rates.

A steerable high–gain antenna (HGA) and associated electronics are mounted on a deployed boom
extending from the zenith side of the Spacecraft. This location maximizes the amount of time
available for TDRSS communications via this antenna without obstruction by other parts of the
Spacecraft. S-band omni-directional antennas extend from both the zenith and nadir sides of the
Spacecraft. These hemispherical-pattern antennas ensure all–attitude accessibility for contingency
and emergency communications links. An X–band Earth-coverage antenna is mounted on the nadir
side to support direct-t-ground transmissions via the DAS.

3.2 Design Characteristics

In order to achieve its mission objective the Spacecraft has the following major design
characteristics:

. Five–year design life;

● 2.5 kW average powe~

● 110 Mbps peak instrument science data rate handling capability;

● 15 to 20 Mbps average instrument science data rate handling capability;

11 DCCO61O93
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. Total Spacecraft mass of 11,065 lbs within the launch vehicle lift capability;

● On-board storage capacity for 140 Gbits of instrument science data;

. 150 Mbps science data downlink capability.

3.3 Configuration

3.3.1 Launch Configuration

The EOS-AM Spacecraft, with all appendages positioned in their launch conflgumtion, is shown
in Figure 5. In its launch conllguration, the Spacecraft is designed to fit within the payload fairing
of an Atlas launch vehicle The standard fairing has been extended three feet in length to
accommodate the full Spacecraft.

3.3.2 On-Orbit Configuration

The on-orbit configuration of the EOS–AM Spacecraft is depicted in Figure 6. The figure shows
the locations of the EMs and the instruments. The HGA and the Solar Array, which are deployed
on orbit, are also highlighted in the figure.

3.3.3 Overall Size

The overall dimensions of the Spacecraft are shown in Figure 7. In its flight configuration the
Spacecraft is 22.5 feet in length (X axis), including instruments mounted at the +X end of the
primary structure. With the solar array deployed, the Spacecraft will span approximately 50 feet
in width (Y axis).

3.3.4 Coordinate System

The Spacecraft coordinate system has been fixed so that the Z axis is through the center of the earth,
with +Z being nadir, and normal to the instmment mounting surface. The Y axis is along the orbit
normal with +Y towards the cold (anti-sun) side of the Spacecraft. The X axis is normal to the
Spacecraft separation plane, and is nominally oriented along the orbital velocity vector, with +X
being in the velocity direction. However, due to the slight eccentricity of the orbit, the X axis is not
always coincident with the velocity vector. The Spacecraft origin (X-O) is located at the geometric
center of the propulsion module base panel, 4 inches above the Spacecraft separation plane.

3.4 Environments

The Spacecraft design permits it to operate successfully and within spectlcation after exposure to
the natural and induced environmental conditions expected to be encountered throughout the various
mission phases. Natural environmental conditions which the Spacecraft must operate through
include: atmospheric density and composition, plasma, charged particles, electrostatic charging,
meteoroids and space debris, magnetic and gravitational fields, plus ionizing and thermal radiation.
The induced environments include electromagnetic radiation, shock, linear acceleration, thermal,
humidity, atmosphere, contamination, plasma, and radiation. These environments are described in
more detail by the General Interface Speciilcation, 1S20008501.

DCC061093 12
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3.5 Spacecraft Interfaces

The Spacecraft intetiaces shown in Figure 8 allow it to carry out its mission. These intetiaces
include those necessary for prelaunch and launch activities, and communication with the ground.
The external interfaces are controlled with ICDS and other applicable specifications. All Spacecraft
interfaces are verifkd during integration and test.

Tracking & Data Operational, Contingency,

Relay Satellite and Navigational

c
Q
c

TDRSS
GROUND LIN

Figure 8. External Spacecraft Interfaces
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3.5.1 Launch Vehicle

~eSpacectit isdesigned forlaunch onmintemediate class launchvehicle. Principal interfaces
to the launchvehicle andsupportequipmentinclude thephysicWmechanical interfaceby which the
Spacecraft is mounted to the launch vehicle booster adapter,electrical interfaces to the ground
support equipment (GSE), hardline and RF communication interfaces, and environmental
compatibility. The launch vehicle interfaces are documented in the Launch Vehicle Intexface
RequirementsDocument, 1S20008503.

3.5.2 TDRSS Interface

The TDRSS communications satellite system provides the primary means of communication
between the Spacecraft and ground stations. TDRSS interface design complies with Spaceflight
Tracking and Data Network User’s Guide (STDN 101.2). The TDRSS forward link services are
requ”ired to support TDRSS Onboard Navigation System (TONS) usage. Key TDRSS interface
characteristics are given in Table II. The RF communication interface requirements for the TDRSS
interface are documented and controlled by the Radio Frequency Interface Control Document
(ICD-104), 1S20008504.

TDRSS Service

Ku–band Single
Access
(KSA)

S-Band Single Access
(SSA)

S–band Multiple
Access
(SMA)

~bleII. Key TDRSS Interface Characteristics

Link Characteristics

Antenna:
Return:

Antenna:
Forward :
Return:

High–gain antenna, RHC or LHC polarized
Two balanced channels, 75 each, 150 Mbps or one single

channel at 150 Mbps, DG2

High–gain antenna, LHC or RHC polarized
10 kbps, two-way ranging, and return Doppler Tracking
‘llvo unbalanced channels, 16 kbps each
DG 1 Modes 1,2, or 16 kbps and 256 kbps,
DG1 Mode 3

Antenna:
Forward:
Return:

Antenna:
Forward:
Return:

Omni antenna, RHC polarized
125 bps, two-way ranging and return Doppler
TWOunbalanced channels, 1 kbps total,
DG1 Modes 1,2

High–gain antenna, LHC polarized
1 kbps, two-way ranging and return Doppler Tracking
llvo unbalanced channels, 16 kbps each,
DG1 Modes 1,2
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3.53 Ground Network (GN) Interface

An emergency communications link with the GN stations provides for S–Band commands and
telemetry in case the primary TDRSS link is unavailable. During interruption of TDRSS support,
Spacecraft RF communication links are provided by the GN. The GN consists of GSFC-managed
stations at Bermuda and Meritt Island Florida, with 9-meter antennas. The Spacecraft will not
transmit telemetry to the GN unless commanded to do so. The EOS-AM Spacecraft will have two
transponders that are always operating in the receive mode. These receivers are constantly searching
for either a TDRSS or a GN signal. This ensures an automatic link to the appropriate communication
link. The GN interface requirements are also documented and controlled by the RF ICD,
1S20008504.

The Spacecraft will interface with the EOSDIS via the GN Interface. The EOSDIS will be a
geographically distributed system that will support the operation and management of EOS in-orbit
instruments and facilitate a wide range of scientflc research. To do so, EOSDIS will support the
acquisition, processing, storage, and distribution of the data acqukd by these instruments and
Spacecraft.

3.5.4 Direct Access System Interface

Real-time transmission of science data from instruments will be provided to the user community
via the DAS. The DAS communication link provides real-time science data horn the EOS-AM
Spacecraft Instruments directly to the users (science community) independent of the EOSDIS. The
DAS will downlink science data, potentially, to mocii.iledLANDSAT ground stations and/or other
user ground stations yet to be defined. The ground stations will be capable of receiving the X–Band
signals as the EOS Spacecraft passes over the station.

The DAS will provide three services: Direct Broadcast (DB), Dkct Downlink (DDL), and Direct
Playback (DP) services to downlink instrument data. The DB and DDL services will be provided
during normal Spacecraft operations. The DP sewice will be used in contingency conditions only,
i.e:, the Spacecraft is incapable of normal SSR playback via HGA–TDRSS link.

3.505 Spacecraft Processing Interfaces

The Spacecraft includes provisions for interfacing with GSE and the facilities required for
Spacecraft integration, test, and prelaunch operations. These interfaces allow handling, testing, and
operation of Spacecraft and instniment equipment prior to launch.

3.6 Spacecraft Operations

3.6.1 Mission Phases

The EOS-AM mission is made up of distinct mission phases, each with its own characteristics and
purpose. The mission phases of the EOS-AM Spacecmft and the signiilcant events which define
the transition from from one phase to another am shown in Figure 9.

DCC061093 18
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Prelaunch:

Launch/Ascent:

The flight vehicle system (Spacecraft, launch vehicle, and all
associated ground elements) readiness for launch is established.

The intermediate class launch vehicle performs burn-stages zero,
one, and two, and then initiates separation of the Spacecraft from
the launch vehicle, placing the Spacecraft in the 550 by 700 km
injection orbit.

Orbit Acquisition:

Orbit AcquisitionInitialization The Spacecraft attains a stable earth-oriented attitude,
establishes an S-band communications link, deploys the Solar
Array to attain a positive energy balance, and deploys the High
Gain Antenna, while still in the injection orbit.

The Spacecraft performs a series of delta-V maneuvers with the
delta velocity hydrazine (monopropellant) thrusters in order to
raise the Spacecraft altitude from the injection orbit to the
operational orbit. During the delta-V maneuvers, the Spacecraft
maintains the benign system cotilguration established in the
prior phase.

Operational Initialization: The Spacecraft performs a complete checkout of the bus
housekeeping equipment and instruments, and establishes the
fully operational system state.

Operational:

End–of–Mission:

The Spacecmft maintains itself in proper orbit and provides full
resources to instruments as required to cany out the science
mission.

The End-of-Mission Phase begins with the decision to terminate
the Operational Mission Phase, thus completing the Spacecraft
mission science objectives. As there are no planned activities for
this phase, the Spacecraft will essentially remain in a survival
state indefinitely.

3.6.2 Modes

Each mission phase is characterized by the “system” operating modes used to support that mission
phase. A system mode is an operational configuration with a set of minimum requirements
distributed to each bus subsystem and a set of minimum resources to be provided to the instruments.

System modes include (1) Ground Test Mode, (2) Launch/Ascent Mode, (3) Standby Mode, (4)
Science Mode, (5) Delta–V Mode, (6) Survival Mode, and (7) Safe Mode. Mode transitions can be
seen in Figure 10. These modes can be defined as either backup or primary modes for the mission
phases in which they are used. Primary system operating modes are defined as scheduled or planned
operating modes for that mission phase. Back–up system modes are defined as unplanned modes
that are typically entered following a major Spacecraft Bus anomaly. Examples of primary modes
include Science and Delta-V modes while Survival and Safe modes are examples of back–up
modes.
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During the Operational Mission Phase, the

s

Spacecmft will nominally be inthe primary Science
Mode, in which Instrument data acquisition occurs. The Spacecraft may transition to Delta–V
Mode, another primary mode, as requ~ed for periodic orbit ad~ustments. In addition, the Spacecraft
may transition to a backup mode, such as Survival or Safe Mode, if an anomalous condition is
detected.

Mode transitions may be ground commanded, and on–board logic can autonomously control mode
transitions during predefine anomalous conditions. The Spacecraft Controls Computer (SCC) is
loaded with a Telemetry Monitoring (TMON) function to monitor housekeeping and insnwment
parameters to detect anomalous conditions. The SCC is also loaded with Failure, Detection,
Isolation, and Recovery (F.DIR) algorithms which will autonomously switch Spacecraft and
instrument equipment to protect it from time-critical failures. More detail of Spacecraft modes and
transitions between modes are described in the following paragraphs.

Ground Test Mode

The Ground Test Mode is used in the Prelaunch Phase of the mission, following integration of the
Spacecraft with the launch vehicle. In this mode the Spacecraft is essentially in a “check-out” state,
receiving power via the launch vehicle umbilical. The readiness and comprehensive performance
of the Spacecraft is established. During this mode, the batteries are being charged, and equipment
is powered as required for low-rate commanding and telemeuy. Telemetry is provided to the GSE
via the launch vehicle umbilical.

Launch/Ascent Mode

The Launch/Ascent Mode is the Spacecraft’s operational configuration during and immediately
following the boost to the injection orbit on the launch vehicle. Once separation from the launch
vehicle is detected by on–board logic and telemeny monitoring, the Spacecraft will use on–board
logic to perform four early mission activities, including: (1) an attitude maneuver to obtain an
earth-oriented attitude, (2) deployment of the solar array to support the bus load and begin battery
recharge, (3) establishment of an S–band communication link, primarily with TDRSS via the omni
antennas, and (4) deployment of the high gain antenna. All of these pre–programmed activities
shall, as a backup, accept ground commanded initiation, provided that a communication link to the
ground has been established.

Standby Mode

The Standby Mode is a “non-science” mode that is used during system check-out, during quiescent
periods, or as back-up to the Science Mode. As a backup mode, Standby is used when a problem
arises with the ability to collect or transmit instrument science data. Although instrument science
is not supported in this mode, instrument housekeeping functions can remain operational. This is
not a power critical mode and operating housekeeping components will not be automatically turned
off (unless they have failed) upon entrance to the Standby Mode. Housekeeping equipment needed
to support instrument science (i.e., high–rate data system) is not required in this mode.
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Science Mode

The Science Mode is the operational con.tlguration in which the Spacecraft provides the full
complement of resources necessary to meet science mission objectives, including fme attitude
control, high–rate data handling, storage and transfer, full electrical power, and thermal control.
Science mode is the primary mode used during the Operational Mission phase.

Delta-V Mode

The Delta–V mode is a “propulsive” mode used to either raise altitude from the injection orbit to
mission operational altitude or to provide periodic correction to mission orbit. The orbital
corrections will either be in-plane maneuvers or out+f–plane maneuvers. This mode is used during
the Orbit Acquisition, Operational Initialization, and Operational mission phases and shall utilize
monopropellant engines for delta–V.

Su~ival Mode

The Survival Mode is a minimal power or power critical mode in which only essential Spacecraft
functions (i.e., low–rate commandinghelemetry, survival heaters) will be supported. Transition into
the survival mode will cause non-essential housekeeping equipment and instruments to
power~own. The SCC will maintain full control of the Spacecraft while in the Survival Mode.

Safe Mode

The Safe Mode is a state in which the Spacecraft is capable of operating partially or completely
independent of the SCC depending on the problem which caused the entry into Safe Mode.
Speciilcally, the Spacecraft will be considered operating in the Safe Mode as long as the attitude
control electronics (ACE) performs the attitude control processing. The Safe Mode is a back–up
mode that may be used during the Orbit Acquisition Initialization, Orbit Acquisition, Operational
Initialization, Operational Mission, and End-of-Mission phases.

3.7 Spacecraft Elements

3.7.1 Spacecraft Bus Subsystems

The Spacecraft is conceptually partitioned into subsystems which perform well-defined, logically
connected functions that are required for operation of the Spacecraft. These subsystems are:

Structures and Mechanisms Subsystem (SMS)

The SMS is designed to structurally support the instruments, equipment modules,
and other Spacecraft bus equipment. It provides the overall framework for mounting
and positioning the instruments while maintaining precise pointing and alignment.
The primary structure of the Spacecraft is constructed of lightweight,
graphite-epoxy tubular members with titanium node fittings that provide a stable
framework for Spacecraft operations throughout the mission life. Mechanisms such
as the solar array drive and HGA deployment system provide the means to operate
the solar array and deploy the high–gain antenna.
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Thermal Control Subsystem (TCS)

The TCS will maintain all Spacecraft component and instrument interfaces within
allowable thermal limits. Passive thermal control techniques, used wherever
possible, include multilayer insulation (MLI), isolators and thermal finishes. Heaters
are used where necessary. Heat-pipe radiator panels are used in the equipment
modules to reject the heat dissipated by Spacecraft components. A capillary–
pumped heat transport system (CPHTS) provides thermal control to those
instruments which do not have sufllcient radiator area. Temperature telemetxy data
is provided throughout the Spacecraft in order to monitor the performance of this
subsystem.

Electrical Power Subsystem (EPS)

“ The EPS provides all Spacecraft instruments and Spacecraft bus equipment with
electrical power during all mission phases. The main power bus will normally be
regulated to 120 Vdc. The 120 Vdc system is driven by the high instrument power
requirements and the volume constraints of the launch vehicle fairing. Power is
generated by a single-wing photovoltaic solar-cell army. Rechargeable
Nickel-Hydrogen (_IWH2)batteries are used to store power, and the excess solar array
power is controlled through the use of a Sequential Shunt Unit (SSU).

Electrical Accommodation Subsystem (EAS)

The EAS provides all inter-subsystem and inter-component electrical connection,
and implements the system and subsystem level grounding and EMC requirements
of the EOS Spacecraft. Additionally, the EAS provides the electronics for
deployment mechanisms used on the Spacecraft such as the arming and fwing circuits
of the pyrotechnic release mechanisms.

Guidance, Navigation, and Control Subsystem (GN&CS)

The GN&CS determines the Spacecraft orbit and attitude, autonomously controls the
attitude, and controls actuators for orbit adjustment and appendage pointing. Four
reaction-wheel assemblies (RWAS) are used for primary attitude control. Three
magnetic torque rods are used for momentum unloading. Thrusters and/or the RWAS
are used to paform slew maneuvers. Navigation services will be supported primarily
via the TDRSS Onboard Navigation System (TONS). In all on-orbit Spacecraft
modes except Safe Mode, the GN&CS attitude determination and control algorithms
are executed by flight software in the C&DHS Spacecraft Controls Computer.

Propulsion Subsystem (PROPS)

The PROPS provides thrust to support attitude and orbit control during all mission
phases following the Launch/Ascent Phase. After orbit achievement, the propulsion
module provides delta–V impulses for orbit maintenance (drag make–up and
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inclination correction) and attitude control impulses for backup momentum
management and attitude control. Thruster operations are controlled in accordance
with commands received from the GN&CS or from ground controllers via the
C&DHS. Hydrazine is used as a monopropellant for the attitude control and delta-V
thrusters.

Command and Data Handling Subsystem (C&DHS)

The C&DH subsystem provides telemetry data acquisition and storage, collection,
formatting, routing, and storage of science data for downlink, generation of time and
frequency references, and distribution of real-time and stored commands. The
C&DHS will also provide hard-line telemetry to the launch vehicle umbilical
interface for pre-launch check~ut.

Communication Subsystem (COMMS)

The COMMS provides all external interfaces for Spacecraft data and tracking
signals. It receives and demodulates all command data destined for Spacecraft
subsystems and instruments, modulates and transmits all data from Spacecraft
subsystems and instruments which is destined for the ground, and receives, decodes,
and transmits, as appropriate, all signals used for Spacecraft tracking.

Flight Software System (FSWS)

The flight software system (FSWS) consists of both software and fmware,
distributed across C&DHS components. The FSWS will monitor, control and
provide the necessary services and mission support needed to sustain the Spacecraft
throughout its mission. The FSWS is primarily implemented in the Ada
programming language, although cetiain processor functions maybe programmed
in assembly language.

The principal relationships among the subsystems are indicated in the Spacecraft functional block
diagram, Figure 11. Figure 12 identtiles system services and functions provided by each subsystem
to other subsystems and to Instruments. The individual subsystems are described, in detail, in the
following sections of this document.

3.7.2 Spacecraft Bus Major Assemblies

The Spacecraft bus is modular and consists of the subsystems already defined. The modularity is
accomplished by packaging, where practical, functionally related equipment into major assemblies
including equipment modules (EMs) and equipment panels. Each of the major assemblies will be
assembled independently and tested as a unit prior to integration with the Spacecraft core assembly.
Layouts of the major assemblies will, to the extent practical, ensure that any component contained
within the assembly can be removed without having to remove any other component. The EMs will
have a panel that can be removed to provide access to equipment contained within the EM. Removal
of this panel will not requiring the removal of any other Spacecraft equipment.
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There are five di.fYerenttypes of EMs on the EOS-AM Spacecraft. They are: GN&C sensor EM,
recorder EM, power EM with battery panel, COMM/C&DH EM and reaction wheel assembly
(RWA)EM. The EMs are mounted to the Spacecraft by kinematic mounts, which allows formative
thermal expansion/contraction between the module and Spacecraft structure, and limits the transfer
of structural loads from the Spacecraft to the module. There am also two panels which provide
mounting surfaces for subsystem components. These panels are the DAS Panel, and the battery
panel (hex bay).

The locations of major assemblies when the Spacecraft is in its launch configuration are shown in
Figure 13. The Spacecraft bus includes the following major assemblies:

Spacecraft Core

. While the Spacecraft core itself is not a major assembly, it provides “thenecessary
structural suppt and mounting structures for the EMs, equipment panels,
appendages, and the instruments, as well as other subsystem equipment not housed
in major assemblies.

Propulsion Module

The propulsion module houses the propulsion system equipment needed for delta–V
maneuvers, orbit maintenance, and back-up attitude control. This includes
propellant and pressurant tankage, plumbing, thrusters, and associated power,
thermal and C&DHS control equipment. The propulsion module will have the
capability to monitor tank pressure and temperature via GSE in the absence of
Spacecraft power during all pre-launch operations.

HGA Assembly

The HGA assembly includes the high-gain antenna used for TDRSS
communications, its deployment and pointing mechanisms, the Ku–band RF
transmission equipment, and associated harnessing and waveguide. The HGA will
be attached to the Spacecraft bus so that the reflector and subreflector may be
removed and re-installed on the Spacecraft at any time before encapsulation in the
launch vehicle payload fairing.

Solar Array Assembly

The solar array assembly includes a flexible blanket with Gallium-Arsenide
photovoltaic solar-cells and its deployable mast, the associated equipment for
stowage during ascent and deployment on-orbit, a sequential shunt unit, sun sensors,
and various performance monitoring and control equipment.
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Propulsion
Module

Figure 13. EOS-AM Spacecraft - Major Assemblies
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GN&C Sensor Equipment Module

The GN&C sensor EM houses sensor equipment used by the GN&CS for attitude
determination, the interface electronics for the various attitude sensors and effecters,
the equipment for Safe Mode control, and associated power, thermal, and C&DHS
control and interface equipment. Figure 14 depicts the equipment layout of this EM.
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FDB
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IRU
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Legend:

Attitude Control Electronics
Bus Data Unit
Coarse Sun Sensor
Fuse Distribution Box
Heater Control Electronics
Inertial Reference Unit
Magnetometer
Power Switching Unit
Triaxiai Magnetometer

Figure 14. GN&C Sensor EM

30

—

:OIWECT



DN-SE&I-010
10June 1993

=

Recorder Equipment Module

The recorder EM houses recorders that record and playback housekeeping telemeby
and Instrument science data. It also houses the C&DHS equipment which formats
and switches the various streams of science data for recording and transmission,
along with associated power and thermal control equipment. Figure 15 depicts the
equipment layout of this EM.
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Figure 15. Recorder EM
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Power Equipment Module

The power EM houses a battery panel and its associated chargekiischarge control
electronics, the equipment which regulates and distributes power to the various
Spacecraft loads, and associated thermal control and C&DHS interface equipment.
The Power Module will provide battery temperature, battery pressure, and battery
voltage monitors for GSE to monitor the condition of the batteries in the absence of
Spacecraft power. Figure 16 depicts the equipment layout of this EM.
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Legend: \\yll ,U’lA00R0IFJATSORICNBDU Bus Data Unit
BPC Battery Power Conditioner
FDB Fuse Distribution Box
FSS Fine Sun Sensor
HCE Heater Control Electronics
PDU Power Distribution Unit

Figure 16. Power EM

DCCO61O93 32



DN-SE&I-010
10June 1993

c

COMM/C&DH Equipment Module

The COWC&DH EM houses the S-band RF equipment for command reception
and telemetry transmission and the C&DHS equipment for command processing and
distribution. This module also houses the telemetry collection and formatting
equipment, the Spacecraft Controls Computers, and the control electronics for the
solar array drive motor, along with power, thermal, and C&DHS control and
interface equipment. Figure 17 depicts the equipment layout of this EM.
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Legend:

Array Drive Electronics
Bus Data Unit
Band Rej&X Filter
Command Telemetry Interface Unit
Fuse Distribution Box
Heater Control Electronics
Interface Connector Bracket
Master Oscillator
S-band Interface Unit
S-band Transponder
Spacecraft Controls Computer

Figure 17. COMM/C&DH EM
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Reaction Wheel Assembly Equipment Module

The reaction wheel assembly EM houses four RWAS(the primary actuators used by
the GN&CS for attitude control) along with associated power, thermal control and
C&DHS interface equipment. Figure 18 depicts the equipment layout of this EM.
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Figure 18. RWA EM

34



DN-SE&I-410
10June 1993

Battery Panel

The battery panel contains one of the Spacecraft’s two battery assemblies (the other
is in the power module), and associated thermal control and C&DHS interface
equipment. The battery panels will provide the necessary test connections to
discharge the batteries at the Spacecraft level I&T. Figure 19 shows the layout of this
equipment panel.

~ I .-— I

Figure 19. Battery Panel
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Dirtxt Access System Panel

The DAS PaneI contains the X-band RF transmission electronics for the Direct
Broadcast, Direct Downlink, and Direct Playback services, and associated thermal
control and C&DHS interface equipment. Figure 20 shows the layout of this
equipment panel.
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SSPA Solid State Power Amplifier
BDU Bus Data Unit
FDB Fuse Distribution Box
RF Radio Frequency
UPCON Upconverter
WGSW Wave Guide Switch

Figure 20. DAS Panel
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3.8 Spacecraft Reliability

TheEOS–AM Spacecraft is designed to be highly reliable with single fault tolerant subsystems that
will ensure a high probability of fulfilling the its five-year mission life. The criteria for measuring
the Spacecraft bus mission success has been defined as the ability to provide the Instruments with
the minimum resourees and services specified in the Contract End Item Spec~lcation, PS20005396,
for the entire five-year mission. The ability to transmit all recorded science data to the EOSDIS via
Ku-band TDRSS or X–band DAS links is conside~d the minimum science transmission capability
required for mission success. Figure 21 shows the reliability allocation goals for the Spacecraft bus
and the individual subsystems.

3 4 5 6

Spacec aftr Bus Reliability Block Diaaram

Allocated
Ps Total

Subsystem (5 Yrs)

1. EPS 0.97

2. PROPS 0.99

3. C&DH 0.843

4. COMM 0.98

5. GN&C 0.96

6. TCS 0.998

7. SMS 0.999

8. EAS nla

Total Allocated Probability of Success 0.759

Goal 0.75

Margin 0.009

Figure 21. EOS Spacecraft Mission Probability of Success Assessment
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The mechanisms within the SMS are designed for very high reliability. The solar may assembly
(SAA) and the high-gain antenna (HGA) deployment designs incorporate redundancy in the
restraint mechanism design to ensure high reliability. The pyro devices are fully redundant,
employing redundant charges and electronics. The solar array drive (SAD) is also designed for
reliable operation throughout the mission. Its motor has two sets of windings for redundancy.

The thermal control subsystem design provides for single-fault tolerance with sufficient
redundancy to ensure reliable operation throughout the mission. The CPHTS is fully redundant. The
equipment module (EM) is fully redundant, utilizing redundant heat pipes, and redundant active
heater control. The distributed housekeeping equipment thermal control is also fully redundant,
utilizing passive thermal control along with active thermal control, where necessary.

The electrical power subsystem design provides for single-fault tolerance with a high level of
redundancy. The solar array design provides string redundant y for reliable operation. The battery
assembly design can tolerate the loss of a total of two battery cells failed short (one per panel) or
one cell failed open. The array drive electronics (ADE), battery power conditioner (BPC), power
distribution unit (PDU), sequential shunt unit (SSU), power switching unit (PSU), and electrical
power conditioners (EPC) all provide some level of internal redundancy.

The guidance, navigation, and control subsystem design uses many components which have
demonstrated reliable operation on other Spacecraft. The solid state star tracker (SSST), inertial
reference unit (lI?U), magnetometer, coarse sun sensor (CSS), earth sensor assembly (ESA),
reaction wheel assembly (RWA), magnetic torque rods, attitude control electronics (ACE) and the
fine sun sensor (FSS) are functionally redundant.

The propulsion subsystem provides sufficient redundancy to ensure reliable operation throughout
the mission. The propellant tank is non–redundant, however, it is designed with sufficient margins
to ensure reliability. The thruster system contains half-system redundancy. The avionics and
interfacing hardware incorporates sufficient redundant y to be single-fault tolerant.

The command and data handling subsystem design provides for single-fault tolerance with
sufficient redundancy to ensure reliable operation throughout the mission. The Spacecraft controls
computer (SCC), the command and telemetry interface unit (CTIU), the bus data units (BDUS), the
science formatting equipment (SFE) and the solid–state recorder (SSR) are functionally redundant.

The communications subsystem design also provides for single-fault tolerance with sufficient
redundancy to ensure reliable operation. The Ku–band equipment, the S–band equipment and the
DAS equipment have a high level of redundancy. To increase the communications subsystem
reliability, the DAS equipment can completely back–up the Ku–band equipment.
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4 INSTRUMENT ACCOMMODATION

Accommodation of the EOS–AM instrument set utilized the following assumptions.

a. Instrument configurations are those agreed to during instrument interface meetings and
baselined by the Martin Marietta Astro Space EOS-AM Program Management Office.

b. Instrument mass, power, and data rate budgets are per the allocations directed by
421–10-01, EOS Requirements Document; the ASTER UTID, 421-12-11-01; the
CERES UIID, 421-12-12-02; the MISR UIID, 421-12-03-02; the MODIS UIID,
421–12-04-01; and the MOPI’TTUIID, 421–12-15-02.

c. CERES is accommodated as two instruments.

4.1 EOS-AM Instrument Set

The hstruments of the EOS-AM set are shown in Figure 22 and include:

a. Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)

b. Clouds and the Earth’s Radiant Energy Systems (~RES) (two units)

c. Multiangle Imaging Spectroradiometer (MISR)

d. Moderate Resolution Imaging Spectroradiometer (MODIS)

e. Measurement of Pollution in the Troposphere (MOPI’TT)

4.2 Instrument Descriptions

ASTER is an imaging radiometer with 14 bands operating from visible to thermal infrared regions.
It is comprised of three radiometers (VNIR, SWIR, and TIR) and two support modules (CSP and
MPS). VNIR itself is composed of a radiometer (VSR) and electronics (vEL). ASTER provides
data on surface mineralogy, soil properties, surface temperature, and geothermal activity.

CERES consists of two identical broadband scanning radiometers. One instrument operates in the
cross–track mode for limb-to-limb spatial covemge, and the other operates with a rotating scan
plane to provide angular sampling. Its bolometer detectors sense three spectral channels: total
reflectance, shortwave, and longwave.

A41SRis a pushbroom imager with nine charge-coupled device-based cameras looking forward,
nadir, and aft along the Spacecraft ground path.

MODIS is a NASA facility imaging spectroradiometer. It scans a cross–track swath
2330 kilometers wide, and senses 36 spectral bands.

MOPZ7Tis a scanning radiometer which senses upwelling infrared radiation in several CO and CH4
bands. It provides atmospheric profiles which will be used to determine how the lower atmosphem
interacts with surface, ocean, and biomass systems.

4.3 Instrument Configurations

The EOS–AM instrument set configurations and fields of view are shown in Figures 23 through 27.
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Figure 26. EOS-AM MODIS Configuration
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Figure 27. EOS-AM MOPITT Configuration
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4.4 Resources Provided to the Instruments

The Spacecraft resources are budgeted among the instruments and housekeeping subsystems. The
instrument mass, power, and data rate allocations are shown in Table III.

Table III. EOS-AM Instrument Resource Allocations
Mass(MIS) Power(W) Data Rate (kbps)

Instrument Allocation O*rbit Peak Average Peak
Average

ASTER 992.3 525 761 8,300 89,200

CERES(2) 198.5 95 185 20 20

MISR 297.7 80 135 4,000 6,500

MODIS 613.0 245 285 6,200 10,800
MOPIIT 405.7 250 250 6 6

TotalEOS-AM InstrumentSet 2507.2 1195 1616 18$26 106$26

4.5 Instrument Pointing and Orbit Requirements

Instrument pointing and orbit position knowledge requirements are shown in Table IV. Instrument
jitter and stability requirements are shown in Table V.

Table IV. EOS-AM Instrument Orbit Position Knowledge and Accuracy Requirements

I Orbit Position Knowledge
Requirements (m, 3U)-

Instrument Along i Across I

ASTERIT’IR 150 150 150

ASTHUVNIR 100 II 150 200

CERES 500 500 500

MISR 150 150 150

MODIS 68 68 68

MOPIIT 2,000 2,000 TBD

Pointing Knowledge Pointing Accuracy
Requirements at Requirements at

Boresight Boresight
(Arc-See, 3(J) (Arc-See, M)

x 120 x 360
Y 120 Y 360
Z 720 Z 1080

x 120 x 360
Y 120 360
Z 720 ; 1800

x 120 x 360
Y 120(Real time) Y 360
z 120 z 360

x 115 x 360
Y 115(Postprocessed) Y 360
z 115 z 360

X 108 x
Y 108(Real time) Y ;:
Z 108 z 240

x 141 X 3600
Y 141(Post processed) Y 3600
z 141 Z 3600

x 500 X TBD
Y 500 (Postprocessed) Y TBD
Z TBD Z TBD
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Table V. EO!+AM Instrument Jitter and Stability Requirements (Peak-tc+Peak)

Requirement at Instrument Boresight
(Arc-See, 30)

Instrument Time Scale Roll (X) Pitch (Y) Yaw (Z)

ASTER/SWIR 4.4 msec 3.0 3.0 7.8
1.0 xc 5.2 5.2 13.7
1.8 sec 3.5 3.5 9.1

ASTER/TIR 69.7 ~SCC 9,0 9.0 23.4
15.8 msec 10.5 10.5 27.3

1.0 sec 15.8 15.8 40.9

ASTERNNIR 2.2 msec 1.5 1.5 3.9
9 sec 18.0 12.0 60.0

480 sec 26.4 26.4 68.6

CERES 6 sec 79.0 79.0 79.0

MISR 1 sec 7.0 7.0 7.0
420 sec 16.0 16.0 16.0

MODIS 1 sec 1031.0 47.0 1031.0

MOPI’IT 10 sec 50.0 50.0 TBD

4.6 Instrument Accommodation Equipment

The instrument accommodation equipment provides mounting, power, thermal control, command
and data handling resource interfaces to the instruments. Seconchy sticture, as needed, provides
mounting support in addition to the primary Spacecraft structure. Fused power from the PDU is
routed through an interface connector panel (ICP) to the instruments. For those instruments which
do not have sufllcient radiator area for thermal control, the Spacecraft will provide a coldplate
attached to the CPHTS. The BDU provides command and data handling resources.

4.7 Instrument Mechanical Interface

Most instruments are mounted kinematical] y using a combination of mounts having l-axis, 2–axis,
and 3–axis freedom of rotation. Structural mounting panels are provided for smaller instruments
as required. The required alignment between each instrument and the Spacecraft is provided by
ensuring that the instrument’s optical alignment cube is properly aligned with the Spacecraft
navigation base reference.

4.8 Instrument Thermal Interface

All instrument components are thermally isolated from the Spacecraft. Most instruments will
achieve thermal control via local radiators. The Spacecraft will provide a CPHTS to acquire,
transport, and reject waste heat from those instruments which do not have sufficient radiator area
and thermal fields of view. All instrument surfaces which are not attached to radiators or coldplates
are blanketed with MLI to prevent radiative heat transfer. Thermal control during survival modes
is achieved by internal heaters.
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Table VI gives thermal dissipations for instrument components, along with their thermal control
concept and CPHTS radiator area, where applicable.

Table VI,

Instrument

ASTER – TIR

ASTER – SWIR

ASTER – CSP

ASTER - VNIR-VSR
ASTER – VNIR-VEL

ASTER - MPS

CERES (Biaxial unit)

CEl&S (Cross-track unit)

MISR

MODIS

MOPITI’

Instrument Thermal Accommodation
Thermal Dissipation (W) Primary Accommodation

(Allocated/Analyzed) Concept

189/141 CPHTS and Load Radiators

150/108 CPHTS

76/46 Local Radiators

46/1 Local Radiators
44/28 Local Radiators

44/34 Local Radiators

50/39 LQcal Radiators

45/30 Local Radiators

80/75 I Lucal Radiators

285/186 Local Radiators

250/200 CPHTS and Load Radiators

4.9 Instrument Electrical Interface

The instrument electrical interfaces are shown in Figure 28 and are described below.

Power: Electrical power is provided to the instruments at 120 volts direct current (Vdc). The
instruments provide their own power On/Off switching (driven by BDU relay drive commands) and
their own conversion from 120 Vdc to other voltages which are required internally.

Grounding: Instrument components which receive Spacecraft power are connected to a
single–point fault ground which is connected to the Spacecraft Primary Power Reference.

4.10 Command and Data Handling Services Provided to the Instruments

The BDU provides redundant point-to-point command and telemetry interfaces to the instrument.
There is a direct interface to the time and mark and frequency bus and to the MIIAHD-1553B
command and telemetry bus for each instrument. Transfer of science data from low-rate
instruments is via the MlL-STD-l 553B low–rate science bus and from high-rate instruments via
the high-rate links. These interfaces are illustrated in Figure 28. BDU resource allocations for each
instrument are listed in Table VII.
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Figure XL Instrument Electrical and Data Interfaces

Table VII. Resource Allocations to Instruments
Science Data BDU Command and Telemetry Resources

(Instrument)
High-Rate Low-Rate Relay Passive Passive Active

Data Data Drive Bi-Level Analog Analog Total
Links Interfaces Commands Telemetry Telemetry Telemetry Telemetry

ASTER 4 0 28 20 27 17 64

CERES o 2 18 8 16 0 24
MISR 1 0 8 8 16 0 24

MODIS 1 0 15 16 9 0 25
MOPITT o 1 20 16 21 0 37

Total 6 3 89 68 89 17 174
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The C&DH semices provided to the instruments include the following:

a.

b.

c.

d.

e.

~ f.

g.

h.

Distribution of real-time and stored commands through discrete interfaces for
instrument reconflgumtion and diagnostics

Distribution of real-time and stored commands and real-time memory loads through the
1553B interface for instrument operations

Sampling of instrument housekeeping telemetxy at a rate of 512 bits per major cycle

Sampling of inst.mment health and safety telemetry at a rate of 16 bits per major cycle.

Generation and distribution of a 1.0 MHz reference frequency via the time mark and
frequency bus with encoded time mark instant

Time code data message sent via the command and telemetry bus

Collection, processing, formatting, storage, and transmission of science data

Distribution of ancillary data once per major cycle (1.024 seconds), including:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Time stamp

Spacecraft position

Spacecraft velocity

Attitude angles

Attitude rates

Magnetic coil currents

Solar array current

Solar position

Lunar position

Time conversion
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5 STRUCTURES AND MECHANISMS SUBSYSTEM (SMS)

5.1 Overall Function

The SMS provides the necessary structural support and mounting area for all instruments and
Spacecraft bus equipment. The SMS is designed to satisfy multiple constraints including: launch
environment, launch vehicle fairing static envelope, AM instrument set science and thermal
fields+f-view (FOVS), and pointing stability. The SMS includes the release and deployment
mechanism for the high-gain antenna. The SMS also provides the interface to the launch vehicle
separation system.

The EOS–AM Spacecraft structure consists of the primary structure, EMs, equipment panels,
inst~ment accommodation structures, and other seconday structures which support harnessing and
components mounted to the primary structure.

5.2 Primary Structure and Propulsion Module Structure

The EOS Spacecraft primary structure is configured into two major substructures, as shown in
Figure 29: a rectangular cross section forward truss (bays 2 through 6) and a hexagonal aft structure
(bay 1).The forward truss consists of graphite/epoxy (GrEp) tubes bonded to titanium node fittings,
with a panel structure for Bulkhead 7. The primary structu~ conllguration features steps in bays 5
and 6 to provide fairing clearance for the MODIS and ASTER TIR instruments.

The aft structure (bay 1) is hexagonal in shape and supports the propulsion subsystem tank internally
from the aft panel (Bulkhead 1) at six node fittings. Each node fitting will house an end of one of
the six separation nuts used to separate the Spacecraft from the launch vehicle, In addition, the aft
structure supports the battery panel, the DAS panel, the power equipment module, and the two
CERES instruments mounted on a flat panel. The hexagonal shape was chosen to facilitate load
transfer to the launch vehicle and to provide a larger cross seetion than the forward truss, so as to
increase the bending stiffness and strength of the primary structure. Since the aft structure is
removable following completion of the primary structure qualtilcation testing (static and modal),
parallel processing of the propulsion module and the Spacecmft bus can occur.

The forward truss and aft structure rely extensively on the successful construction methods
implemented on the Upper Atmosphere Research Satellite (UARS) program. The tubular
graphite/epoxy members are adhesively bonded to titanium node fittings in the case of longerons
and titanium end fittings for the bulkhead and diagonal members. Precision f~tures and tight
dimensional tolerances are incorporated in the buildup of the truss structure. This type of
construction facilitates precise alignment of instruments and housekeeping equipment. Also the
graphite+!epoxy members exhibit low thermal distortion allowing the EOS Spacecraft to meet
stringent on-orbit pointing requirements. The graphite material baselined for the tubes is an
ultra-high modulus (UHMS) graphite which was successfully tested for the EOS Program in late
1989. The epoxy material has also been successfully tested and used on other NASA programs
(ACTS, Mars Observer).
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The Propulsion Module structure consists of an aft panel with six co-cured titanium interface fittings
that mount directly to the primary structure and a secondary truss of twelve UHMS struts which
attach to each of the six interface fittings. These struts support the propellant tank via an interface
adapter ring. The aft bulkhead is constructed of an aluminum honeycomb sandwiched by UHMS
graphite/epoxy facesheets.

5.3 Equipment Module and Panel Structures

The EMs and panels provide mechanical sup~rt and protection from the on-orbit environment for
most of the Spacecraft bus equipment. The EMs and panels are designed to be suftlciently modular
to provide the capability to access equipment at the module level without major disassembly of the
Spacecraft. This is achieved by providing, on at least one external EM face, removable panel(s)
which are free of equipment. This approach provides flexibility in Spacecraft integration by
allowing access to certain components within the EMs without removing the EM from the
Spacecraft.

The Recorder EM, COMM/C&DH EM, Power EM, RWA EM, Batte~ panel, and DAS panel are
constructed of panels consisting of aluminum facesheets and aluminum honeycomb core with
embedded heat pipes in selected panels. The GN&C Sensor EM incorporates an optical bench for
critical sensors in addition to an equipment mounting structure. The optical bench is constructed
of aluminum honeycomb core with graphite/epoxy facesheets, and the equipment mounting
structure is similar in construction to the other EMs. The construction of the EMs and panels follows
the techniques employed for lightweight communication satellites. The modules arc different sizes
depending on the component sizing, fairiig clearance, and radiator requirements. The modules and
panels are cinematically mounted to the primary structure to prevent thermal distortion and to
minimize load sharing. Aluminum edge members are used for panel-tc+panel attachment. Potted
and co-cured inserts am installed in the panels as required to mount the box components or
secondary structure. Structural layouts for the EMs are depicted in Section 3 of this document.

5.4 Instrument Accommodation Structures

The instrument accommodation structures are customized for each instrument depending on the
instrument’s location, volume, mass, thermal control configuration, FOV constraints, pointing
requirements, and fairing clearance. For the EOS-AM instrument set there are two categories:
panel mounted and direct mounted. The panel mounted instruments are bolted to an aluminum
honeycomb panel which has graphite/epoxy facesheets; the panel is then attached to the Spacecraft
via kinematic mounts. The thickness of each panel and facesheet is derived based on the mass
distribution and center-of-gravity offset of the respective instrument. The direct mount instrument
accommodation structures incorporate tubular truss structures or customized mounts which attach
to the primary structure node fittings.

5.5 Restraint/Deployment Mechanisms

The HGA restraintideployment system is currently under evaluation for redesign. Alternatives to
the baselined pyrotechnic separation nut system are being assessed in an effort to reduce the shock
levels produced during deployment. Shock tests on several alternatives have been scheduled for
May 1993 to characterize the relative system shock levels prior to recommending a new baseline.
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The HGA deployment system incorporates a graphitdepoxy boom with a spring+lriven hinge to
achieve the proper extension from the Spacecraft. A darnper allows for a controlled deployment
away from the Spacecraft, and a redundant spring ensures reliability. The stowed and deployed
HGA configurations are illustrated in Figure 30.

The means for restraining the solar array assembly (SAA) will be provided by the solar array
subcontractor, however, it will likely incorporate pyrotechnic separation nuts to achieve xestraint
and controlled release. The pyrotechnic devices will employ redundant charges and electronics.

The solar array is deployed using an Astro mast cannister design. The flexible blanket array is
deployed by fmt initiating the blanket box separation system. Once the blanket box is released, the
array is rotated to the X-Y plane via the spring driven elevation hinge. Following rotation of the
amay, the blanket box latches are released allowing separation of both halves of the blanket box.
Finaily, the Astro mast motor is activated, which deploys the mast, unfolding the flexible blanket
to its final position. The stowed and deployed con.ilgurations of the solar array are also illustrated
in Figure 30.

5.6 Solar Array Drive (SAD)

The SAD, mounted to the zenith side of the primary structure, is a precision incremental stepping
device capable of rotating the array in a forward or reverse direction at various speeds. A reduction
gear set provides sufficient torque to overcome the worst case solar array inertial torques reacted to
the SAD and the frictional drag of the fiber brush slip ring assembly and bearings. The motor has
two sets of windings for redundancy. The slip ring assembly is used to transfer the electric power
and data signals across the rotating interface to the Spacecraft.

5.7 Kinematic Mounts (KMs)

The KMs provide the structural interface between the primary structure and the instruments,
equipment modules, and equipment panels. Their function is to minimize thermal distortion and
load sharing between the primary structure and equipment mounted to it. The KMs perform this
function by relieving loads in certain directions while providing stiffness in others. There are three
types of KMs: l–axis, 2-axis, and 3–axis. The number of axes refers to the number of directions
in which stifhess is provided. The load relieving element in the KMs is a series of stainless steel
spherical ball bearings which rotate in response to forces in certain directions only. The bearings
are lined with teflon to minimize the likelihood of galling. The KMs are constructed of titanium
to achieve high strength and stiffness, and low thermal conductivity.

The CPHTS radiators are supported with a simplilled kinematic mount called a Differential Shear
Transfer (DST) mount. The load relieving element in these devices is a low friction polyirnide
washer which slides directly on the primary structure node fitting surface. This design is used only
in low–load, non-alignment-critical applications.
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Figure 30. SAA/HGA Stowed and Deployed Configurations
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5.8 Launch Vehicle Separation System

The Launch vehicle separation system is comprised of six discni!teseparation nut systems. The head
of each separation bolt is housed in a bay 1 node fitting. The launch vehicle side of the interface
houses the nut end and attaches to fittings which form part of the launch vehicle adapter. This system
was chosen to allow a simpler intetiace to the launch vehicle and was more weight efficient than a
continuous ring intetiace. Separation velocity is achieved by employing a set of separation springs
that push off the launch vehicle adapter. The springs are designed such that a failure of one will not
prevent achieving the necessary velocity required for proper separation.
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6 THERMAL CONTROL SUBSYSTEM (TCS)

6.1 Thermal Control Subsystem Overview

The EOS–AM TCS is required to maintain all Spacecmft components and Instrument interfaces
within allowable thermal limits throughout all operating and nonoperating conditions.

The thermal design philosophy maximizes the use of passive thermal control techniques such as
selective conductive couplings, e.g., low conductance standoffs for isolating equipment, and
conductive gaskets for equipment requiring good conductive couplings. Selective thermal finishes
are also employed for various componentskructures, e.g., low emissivity (E) tape or multi.layer
insulation (MLI) for radiative isolation, and high emissivityhow absorptivity (cz)surfaces (optical
solar reflectors) for radiators. For components/equipment with more stringent requirements, active
therrhal control methods are employed. A Spacecraft-provided capillary pumped heat transport
system (CPHTS) provides thermal control of the Instrument interfaces which cannot reject their heat
locally from the instrument. Constant conductance heat pipe radiator panels am used to equalize
temperature gradients in selected EMs as well as on the CPHTS radiators. Where required,
autonomously controlled heaters ensure that minimum tempermue requirements are maintained.
Heater control electronics and thermostats are used for heater control. Key features of the EOS–AM
TCS are shown in Figure 31.

Solar Array Assembly
Passive TC (Silver Teflon, coatings, MLI)
Autonomous heater control .J&b

d /

Equipment Module ThetmalControl
Passive TC (Silver Teflon, coatings, MLI)
Heat pipes
Autonomous heater control
Selective equipment layouts

ermal Contro
rigs, MLI)

sitioning

Hybrid (CPHTS and local control)

Figure 31. TCS Key Features
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A functional diagram of the various thermal control methods is shown in Figure 32.
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6.2 Thermal Design Parameters/Requirements

The assumed key orbital and environmental parameters and the available material properties are
contained in Table VIII. A combination of worst-case operational and non-operational conditions,
beginning and end of mission material properties and applied margins are used to determine thermal
control hardware needs, e.g., required radiator areas, number/size/configuration of heat pipes,
heater power requirements, etc.

Table VIII. Thermal Control Subsystem: Assumed Parameters

Operating Orbit Beta Angle Solar Flux A1bedo
Earth

Mode Altitude (degrees) (w/sq in) IR(w/sq in)

Science 705 km 13.5 0.911 0.329 0.157

(EOL) 18 0.910 0.336 0.155

30.8 0.860 0.336 0.155

Science 705 km 15 0.871 0.315 0.148

(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Survival 705 km 15 0.871 0.315 0.148

(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Orb Acq. 550X700 km 15 0.871 0.315 0.148

(BOL) 24.5 0.869 0.311 0.150

30 0.901 0.315 0.148

Science 705 km 30.8 0.860 0.336 0.155

(EOL, 30.8 0.860 0.336 0.155
SPSM, two
!Yc
orientations)

Safe 705 km 15 0.871 0.315 0.148

(BOL, 15 0.871 0.315 0.148
SPSM, two
Slc
orientations)

Orb Acq. 550X700 km 15 0.871 0.315 0.148

(BOL, 24.5 0.869 0.311 0.150
SPSM)

Key Material Properties:

Radiators (Silver Teflon) a 0.10 (Cold), 0.25 (Hot)
Radiator (Silver Teflon) & 0.79
MLI Effective Emissivity E 0.025

Note: EOL = End-of-Life; BOL = Beginning-of-Life; SPSM = Sun–Pointing Safe Mode
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As defined in the General Instrument Interface Speciilcat.ion, the instrument intetiace temperature
(Spacecraft side) must be maintained between 0° to 30”C for locally controlled instruments and 20°
to 25°C for CPHTS controlled interfaces. Operating and non-operating housekeeping equipment
temperature limits are defined by the General Interface Spcci.tlcation, EM performance
specifications, and the component performance specifications: critical components with tight
temperature requirements include battery cells (-5° to +1O”Coperating), as well as several GN&C
components (the IRU, Star Trackers and Earth sensors), some of which also require stringent
temperature stability. As a general rule, Spacecraft components will be qualiilcation tested to
temperatures at least 10”C beyond the maximum and minimum predictions, and acceptance tested
to temperatures at least 5°C beyond the maximum and minimum predictions.

6.3 Instrument Thermal Design Description

The Spacecraft TCS allows for two instrument thermal control strategies:

a. Instrument local thermal control

b. Spacecraft-provided thermal control using a CPHTS

6.3.1 Local TCS Strategy

Local instrument thermal control is normally accomplished passively by incorporating instrument
radiators and selective thermal control coatings, e.g., high E/low a for radiators, on instrument
components. Specific designs must be based on the field of view (FOV) available for radiative heat
rejection.

6.3.2 Spacecraft Provided Instrument Thermal Control

There are three Instruments (or parts of Instruments) which require active cooling, i.e.,
ASTER-TIR, ASTER-SWIR and MOPITT. Active cooling is achieved via the use of a CPHTS.

The CPHTS, shown in Figure 33, is a fully redundant tw~phase fluid, capillary-pumped thermal
system which uses anhydrous ammonia as its working fluid. A coldplate/evaporator in contact with
the instrument acquires waste heat and transfers it to liquid ammonia which is thereby vaporized.
The vapor flows to a radiator assembly on the cold side of the Spacecraft. There the vapor is
condensed to a subcooled liquid as the heat is radiated to space. This is accomplished via a heat
exchanger which transfers heat to a constant conductance heat pipe (CCHP) network on the radiator.
The condensed liquid from the heat exchanger exit is further subcooled on the radiator before being
returned to the coldplates. Capillary action in the coldplate wicks provides the system pumping force
and loop temperature is maintained via temperature control of the Reservoir. Non<ondensible gas
traps and heaters provide necessmy controlhegulation functions.

Radiator assemblies, as shown in Figure 33, are body-mounted on the cold (+Y) side of the
Spacecraft for a favorable view to cold space. The radiator sizing accounts for the effects of peak
instrument load by assuming load smoothing due to instrument/CPHTS thermal mass effects.
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Figure 33. CPHTSEquipment Layout (Typical)

6.3.3 Instrument Thermal Interfaces

The Instmments are generally thermally isolated from the Spacecraft (with the exception of the
CPHTS controlled Instruments). This is achieved via low conductance mounts: Kinematic mounts
for ASTER, MOPITT, MISR, and MODIS, and low conductance stand offs for CERES. MLI
between the Instruments and the Spacecraft minimizes radiative heat transfer.

6.4 Housekeeping Equipment Thermal Control

The Spacecraft housekeeping equipment falls into two categories, i.e., equipment packaged in the
EMs and equipment distributed throughout the Spacecraft. A list of component temperature limits
and dissipations is contained in Table IX.
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6.4.1 EM Equipment Thermal Control

The main thermal control features of the externally mounted equipment modules/panels are
schematically depicted in Figure 34. For most of the EMs, the +Y and -Z facing suxfaces are used
as the main radiators. MLI is used to “trim” zueas not required for heat rejection. Autonomously
controlled heaters mounted on selected EM components ensure that minimum allowable
temperatures are not exceeded.

~ RecorderEM
PowerEM with with CCHPs
CCHPS

PowerEM
BatteryPanel

1
Hex bay
BatteryPanel -1 \ Cored

- C&DH
EM

DAS Panel
with CCHPs

Figure 34. Equipment Modules Thermal Control Features

, Power EM andThe current baseline shows that heat pipes will be required for the DAS Panel
Recorder EM. The basic function of the heat pipes is to reduce panel gradients by eftlciently
spreading the component waste heat dissipation. The constant conductance heat pipes used in the
EM design are standard axially-grooved aluminum with anhydrous ammonia as the working fluid.

The DAS equipment panel is located in the aft end of the Spacecraft. CCHPS are used in the +Y
radiator panel spreading the relative] y high heat fluxes from the DAS Transmitters.

The power EM is composed of a module containing power management components (-Z mounted)
and one of the two Battery panels. Due to the variable and relatively high heat fluxes on the BPCS,
heat pipes are required on the –Z panel. The other battery panel is mounted to the core structure hex
bay.
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Table IX. Equipment Module Dissipations, Heat-Rejection

DN-SE&1410
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Capability, and Radiator
Temperatures

Description Location Quan- Allowable Comp Dis- commends
tity Temps (C) sipation 2

min msx (w)
ASTER S/C nadir 1 Note 1 5253 TIR,SWIR,CSP,MPS,VEL,VSR
CERES S/C nadir 2 Note 1 953 Fore & Aft
MISR S/C nadir 1 Note 1 803
MODIS S/C nadir 1 Note 1 2453
MOPilT S/C nadir 1 Note 1 2503
Instr mounting i/f SIC core 6 0 30 0
Instr CPHTS i/f S/C core 3 20 25 0
Core structure S/C core 1 -30 50 0
Solar Array Drive S/C zenith 1 -24 61 9
HGA S/C zenith 1 Note 1 156J
RWA RWA EM 4 -10 50 15
MTRs Power EM/PM 3 -lo 50 5
Earth Sensors S/C nadir 2 -lo 35 21 Head temp limits
Css SAA, Sensor EM 5 -95 90 0
FSS Power EM 1 -10 50 3 FSS head limits
Star Tracker Sensor EM 2 –lo 40 24
Magnetometer Sensor EM 2 -10 50 1 Elaotronics and Sensor
IRU Sensor EM 1 10 40 26
Attitude Control Elec Sensor EM 1 -10 50 46
Battery Power EM/hex bay 2 -5 10 132 54 NiH cells per battery
BPC Power EM 2 -10 50 158
PDU Power EM 1 -10 50 43
SAA S/C -Y side 1 -95 100 0 Gallium Arsenide c-ells
Ssu Solar Array 1 -15 55 70
FDB var 13 -10 50 12
Psu Sensor EM 1 -10 50 16
ADE Comm/C&DH EM 1 -10 50 6
Scc Comm/C&DH EM 2 -10 50 24
CTIU Comm/C&DH EM 2 -10 50 44
Data Control Unit Recorder EM 2 -10 50 45 Solid state reoorder
Data Memory Unit Recorder EM 2 -10 50 50 Solid state recorder
Bus Data Unit Various 10 -10 50 81
SFE Recorder EM 1 -lo 50 75
SBIU Comm/C&DH EM 1 -10 50 1
S-Band Xponder Comm/C&DH EM 2 -10 50 22 duty cycle
KSA Modulator Recorder EM 2 -10 50 17
Master Oscillator Comm/C&DH EM 2 -10 50 8
DAS RF Amplifrer DAS Panel 2 -10 50 39
DAS Upconverter DAS Panel 2 -10 50 1
DAS Modulator Recorder EM 2 -10 50 49
PMEA Propulsion Module 2 -lo 50 38
EPC var 4 -20 60 16
PM Equipment Propulsion Module var 12 50 0 Tanks,Lines,thrusters, etc.

Note 1 Containsseveraldifferentcomponentswith varioustemperaturelimits
Note 2 TotalEstimatedOrbitaverage(maximum)componentdissipation
Note3 Instrument/componentmaximum~
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The batteries are mounted on two aluminum honeycomb panels at the aft end of the Spacecraft.
Individual battery cells are mounted within aluminum sleeves, which are grouped into sets of three
and attached to individual baseplates. These are then attached to the +Y radiator panel. The Battexy
panels are radiatively decoupled horn the Spacecraft core and power EM by MM. Autonomously
controlled heaters mounted to each cell ensure that the tight temperature (–5 to +1O”C operating)
and gradient (cell-cell AT c3”C) requirements are maintained.

The Recorder module contains the solid state recorder equipment. TWoseparate set of heat pipes axe
required for heat spreading on the +Y panel (DCLWDAS modulators), and the -Z panel
(DMUs/KSA modulators).

The COMM/C&DH EM allows the use of both zenith and +Y radiatom for equipment heat rejection.
This module does not require heat pipes.

The GN&C (sensor) EM locates electronic equipment on the zenith panel and nadir panel
(navigation base). The Star Trackers and IRU are located on the navigation base with the trackers
viewing out the +Y radiator through baffled apertures.

The four reaction wheel assemblies (RWAS) are mounted in one EM located on the Spacecraft
sun–facing side (–Y). RWA waste heat is rejected via nadir (+Z), –Y as well as -X radiators.

6.4.2 Distributed Housekeeping Equipment Thermal Control

The externally mounted equipment such as the solar array, solar array drive, sun sensors, sequential
shunt unit, earth sensors, antennas, instrument BDUS, etc., will use passive thermal control
techniques augmented by heaters where necessary, to maintain allowable component and/or
component interface temperatures.

The Spacecraft core, including the primary structure, will use selective thermal coatings to minimize
temperature gradients and ensure allowable instrument interface temperatures (0° to 30°C). Most
of the EM internally facing panels are painted black to enhance internal radiative heat transfer, and
thus internal gradients. Certain low dissipation equipment, e.g., data harnesses and connectors,
mounted within the Spacecraft COEwill be passively thermal controlled.

The propulsion module (PM) which is mounted within the core structure at the aft end of the
Spacecraft is radiatively and conductively isolated from the rest of the Spacecraft equipment.
Selected thermal coatings augmented by autonomously controlled heaters will ensure that
equipment in contact with propellant is maintained at least 10”C above the propellant ffeezing
temperature. Dissipating components will be mounted on the –X panel. Externally mounted
components will utilize -X–facing radiator surfaces. Autonomously controlled heaters will
maintain minimum allowable temperatures. The thruster valve heaters will be controlled via 28 V
heater control electronics. The other PM equipment (tanks, lines, –X components) will use
thermostatically controlled heaters.
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6.5 Heater Control Electronics (HCE)

The EOS-AM Spacecraft uses a distributed HCE network, i.e., HCES are located at or near the
heater(s) which they control. There are four types of HCE being used on EOS–AM:

● General application thermostatic controllers for operational, startup and
survival heaters

. Proportional, commendable set point controllers for CPHTS reservoir
control

● Proportional (28 V) Propulsion Module (PM) controllers

. Proportional controllers with fixed set points for Battery assembly control

Control is achieved via dedicated soli&state driver circuitry implemented with FET devices. The
H@ provides direct application of 120 VDC (28 VDC for PM) to heaters and “soft” turn-on and
turn-off to eliminate EMI concerns. All HCES are fully redundant against single point failure.
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7 ELECTRICAL POWER SUBSYSTEM (EPS)

7.1 EPS Overview

The EPS provides all Spacecraft instruments and subsystem housekeeping equipment with +120
Vdc *4% power (at the user) during all mission phases. The EPS is modular to facilitate integmtion
and ground test, and is designed to provide single-fault tolerance and a high level of redundancy.
A simplified EPS ~wer distribution diagram is shown in Figure 35.

The EPS provides the functions of energy generation, energy storage, power conversion, regulation,
and distribution. The EPS utilizes a fully–regulated direct+mergy-transfer (DET) configumtion at
+120 Vdc, which transfers power directly from the source to the loads with a minimum of losses
and without any intermediate power conversion. This results in a system which is both light–weight
and efficient, while providing *4% regulation (at the user) for all loads. The.EPS is required to
provide 5.0 kW end-of-life (EOL) average, of which 2.53 kW is allocated to operate all electrical
loads, and 2.47 kW is available to recharge the batteries while sunlit.

Power is generated by a single-wing photovoltaic solar-cell array which rotates via a solar array
drRe (SAD) in order to maximize solar exposure. Power for Spacecraft operation during eclipse
is stored in two rechargeable 50 ampere-hour NiHz batteries. During the eclipse phase, (32.7 to 34.8
minutes), the batteries provide power to operate the Spacecraft loads via the battery power
conditioners (BPCS), which combine discharge regulator and charge regulator functions in the same
converter. During the sunlit portion of the orbit, (66.2 to 64.1 minutes), the BPCS charge the
batteries, transforming energy from the +120 volt bus voltage level to the current required by the
batteries. Excess solar array power is shunted via a sequential shunt unit (SSU).

The Spacecraft main power bus uses a star-radial power distribution at +120 Vdc via a single central
distribution point in the power distribution unit (PDU) feeding subsidiary power distribution points
in the various equipment modules. A functional block diagram of the EPS is depicted in Figure 36.
The central pwer point at the PDU is double insulated from the box chassis and the Spacecraft
ground. By design, double insulation requires two hard credible failures to result in loss of a central
power point and, therefore, the likelihood of this occurring is extremely remote.

The bus voltage is regulated and controlled via the power control function performed by the PDU.
The effects of transient loads on voltage regulation is “tinimized through the use of a bus capacitor
bank located at the bus regulation point in the PDU. Each capacitor in the PDU main capacitor bank
is fused. Equipment module and subsystem component main power, including batteries and solar
array, is returned to a central point in the PDU which is then referenced to the Spacecraft prime power
reference (PPR). The EPS provides intermittent duty switch power to two pyro busses for ftig
the pyrotechnic actuators on the Spacecraft at the beginning of the mission.

Ground command and on-board computer control of the EPS elements is effected through the
C&DHS via the Spacecraft control computer (SCC). The power management software calculates
battery charge rates based on battery depth-ofdscharge, desired C/D ratio, and solar array/sun
orientation. In addition, this software will perform load shedding, based upon a predefine
schedule, in the event of a failure or an excessive overload that would exceed the maximum battery
depth of discharge of 40%.
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7.2 EL% Functional Description

The EPS provides all instrument and housekeeping electrical power during all mission phases. The
Spacecraft EPS is designed to be capable of supporting a total one orbit average loacLreferenced
to the EPS load intetiace, of 2530 watts. The EPS/load interface is considered to be at the fused
outputs of the PDU, (output of the fuse boards). The fuse boards consist of redundant fuses (1 pair
per load) used to distribute power to each load. The EPS is designed to provide 100 percent of this
required instrument power at the end of five years in orbit.

The Spacecraft EPS uses a gallium arsenide on germanium (Ga.AdGe) photovoltaic solar cell to
convert incident solar energy to electrical energy. The solar may is sized to allow the EPS to provide
100 percent of the required power at five years in orbit, assuming the Spacecraft is in the
sun-synchronous orbit, 705 km and 98.2-degree nominal inclination with a nodal-crossing range
of 10:15 to 10:45 A.M.

The “Spacecraft energy storage function utilizes spacequalifled rechargeable nickel-hydrogen
(NiHz) batteries to store energy during orbit daylight and to supply power dutig eclipse. There are
two batteries, each consisting of 54 series connected, NiHz 50 ampere-hour cells, with bypass
protection at each individual cell to provide protection against battery cell open failures. Each
battery is designed to have an adequate energy reserve so that with one cell failure, the depth of
discharge (DOD) will not exceed 35%; therefore cell redundancy is 54-for-53.

The EPS distributes +120 Vdc regulated power with a regulation of *4% (*4.8 Vdc) to the
instrument and subsystem interfaces. This electrical power is distributed to housekeeping
equipment and instruments via a stm-radial distribution system which provides fuse-protected
power feeds to each load or to each side of internally redundant loads. The principal performance
characteristics of the EPS regulated bus are listed in Table X.

Table X. EPS Regulated Bus Performance Characteristics

I Parameter I Performance Characteristics I
Steady State Voltage Range 115.2 to 124.8 Vdc
(dc avg., excluding ripple)@ user interface

Maximum Self-generated Voltage 1.4 Vpp 30 Hz to 2 kHz decreasing
to 0.28 VVP at 50 kHz to 50 MHz. .

Transient Voltage Under/overshoot for a 10A load step 3.0 volts
(From 50% Load to Full Load)

Maximum Transient Recovery llme 10.0 millisecond

Source Impedance <0.8 Cl increasing at a 2.5 @l slope
between dc and 150 kHz

All wiring is short-circuit protected with fuses. Fusing is provided for instrument power feeds and
heaters. The instruments provide their own ordoff switching, low-voltage power conversion and
isolation. All housekeeping subsystems provide their own on/off switching, and any additional
switching, control, isolation and fault protection required. If required within a subsystem, bus
voltage conversion to +28 Vdc H% is provided to housekeeping low–voltage users via EPCS and
associated low-voltage distribution fusing.
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Power k distributed via two fused feeds, which are isolated from one another at the fuse distribution
box (FDB). The PDU feeds are implemented using a “redundant fuse” technique to guard against
fuse failures disabling an entire feed. Subsequent power distribution from the FDB is channelized,
so that primary component units of a subsystem axe powered from feed #1, and backup units are
powered from feed #2. This prevents a failure in a single feed from effecting both primary and
back–up circuits.

The EPS provides protection for its power sources against overloads and faults in the distribution
and user subsystems. It provides protection via hardware and software means to protect the
distribution function against overloads and faults in the EPS. The EPS hardware command and
telemetry interfaces, together with the onboard Power Management and Control Softwme (PMCS)
provide the capability to monitor and control the EPS performance to the deg~e required to isolate
and clear faults, and provide alerts for emergencies.

7.2.1 Power Regulation and Control

The mode controller, located in the PDU, regulates the voltage of the main distribution bus. This
is done by controlling the amount of energy fed to the bus from the solar array via the SSU along
with the amount of power discharged from, or charged to the batteries through the BPCS. The PDU
contains the main capacitor bank, all power distribution circuitry, and various command, control,
and telemetry functions. The mode controller provides regulation and control of the EPS through
closed loop control of the solar array using the sequential shunt system in the SSU, and battery
charging and/or discharging via the BPCS. The bus regulation characteristics resulting from this
control are shown in Figure 37.

Bus Voltage Regulation: 120 Vdc +4?40/-2?4o
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Figure 37. Bus Regulation at PCU Control Point
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7.2.2 Power Generation

Power for the EOS-AM Spacecraft is provided by a one-wing solar array assembly (SAA). The
array is sized to produce 5.0 kW of electrical power at 127 Vdc after five years in orbit.

The SAA wing consists of a single fold-out flexible blanket of 26 panels deployed by an extendable
longeron mast. When stowed the mast is stored in a canister hinged to the SAD, and the blanket folds
up into a blanket box under a preload compression to protect the solar cells during the launch phase.

The may deployment sequence begins with the pyre-release of the blanket box from its stowed
location along the side of the Spacecraft structure, to swing out 60 degrees with the spring loaded
SAD elevation hinge. Array blanket deployment is accomplished via actuators which release the
blanket box top, after which the SAA deployment electronics unit (’DEU)actuates the canister motor
and cranks out the coilable continuous longeron collapsible mast thus extending the cell-laden
blanket.

The solar array is rotated to maintain an orientation normal to the sun by the SAD, which is a part
of the SMS. The SAD contains the power transfer rings by which power is conducted from the SSU
to the Spacecraft, and signal transfer rings for array telemetry.

7.2.3 Energy Storage

Energy is stored in batteries comprised of series<onnected individual pressure vessel
nickel–hydrogen cells. Each battery consists of 54 cells in sene~ each cell has a nameplate capacity
of 50 Ampere-hours (Ahr).

The batteries are charged during orbit daylight periods and supply (discharge) electrical power
during eclipse. Normally, the DOD will not exceed 30 percent of nameplate capacity. Battery
charging and discharging is controlled by the BPCS. The battery has a minimum life of five years,
when maintained within specified temperature and temperature gradient limits for the expected
26,600 cycles in low earth orbit.

Battery open cell failure protection is provided by bypass protection which shunts current around
the cell in the event of an open failure. With one failed cell the batte~ voltage is within the tolerable
range of the charge/discharge regulator. There is no provision for on-orbit letdown or
reconditioning of the batte~ panels or cells.

A diode-protected tap is provided at cell #22 of each of the two batteries to provide
interrnittent<uty pulse-current pyro busses to the pyrotechnic relay assemblies (PRAs) for
activating the pyrotechnic actuator devices on the the Spacecraft. After the pyres are freed at the
beginning of the mission, the two pyro busses are disabled by means of the pyro bus relay.

Primary and backup thin-film heater elements are provided on each cell, which are controlled by
heater control electronics (HCE) located in the power equipment module and driven by the BDU
located in the power module. Control thermistors for battery temperatm telemetry (54 per battery)
are all located at selected cells and on the battery panel base.
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73 III% Components

The Spacecraftpowersubsystemcomponentsarelocated throughoutthe Spacecraft. ThemajorEPS
assemblies and their locations are listed below:

a.

b.

c.

The solar amay assembly with the sequential shunt unit (SSU), located on the solar array
deployment canister that rotates with the array

A power equipment module with a panel supporting the BPCS and PDU and one battery
panel

‘llvo battery panels, each one mounting the 54 cells of one battery (one in power
equipment module, one in hex bay module)

7.3.1 Solar Array Assembly

The EPS uses a single wing, photovoltaic Gallium Arsenide (GaAs) solar array for conversion of
solar energy into electrical power. The solar amay assembly (SAA) for the EOS-AM Spacecraft is
shown in Figure 38. The SAA includes the extendable mast and deployment canister, the flexible
blanket laden with solar cells and a box assembly to contain the blanket during launch, the sequential
shunt unit which is mounted to the mast deployment canister, and the associated mechanisms which
release and deploy the array.

Electrically, the array is composed of 24 circuits. Each circuit consists of eight strings in parallel,
each string consisting of 190 cells in series in order to achieve the requkd voltage at the worst-case
temperature after five years. Each string is physically laid to the center of the panel and then back
to the edge, neighboring strings am oriented so the currents run in opposing direction therefore
minimizing the resultant magnetic moment and electromagnetic radiation. The solar panel substrate
is a flexible Kapton/graphitdKapton laminate. Flexible flat copper conductors are run along the
blanket edges to provide electrical connections to the cell circuits.

The solarcells,used are 2 x 4cm gallium arsenide on a germanium substrate with a beginning-of-life
(BOL) efficiency of 18%. The cells are 5.5 mil thick, with a &n.il ceria-doped microsheet
coverglass for radiation shielding.

The sequential shunt unit (SSU) that rotates with the array on the mast deployment canister connects
directly to the solar cell circuits and to the SAD power transfer rings. The SSU includes 24 power
mosfet switches, solar amay isolation diodes, and input filters that are connected between the
individual solar array outputs and ground. One switch is operated in pulse width modulation (PWM)
mode, with others either full-on or full-off, to attain the desired array output voltage.

7.32 Sequential Shunt Unit

The SSU pexforms the following functions: (1) shunt excess solar array power during sunlight in
order to maintain a regulated 120 Vdc bus; (2) provide fused 120 Vdc to the solar array DEU; (3)
condition all solar array assembly telemetry; and (4) provide command decoding and telemetry
encoding. The SSU also contains redundant de/de converters to provide bias power to internal
circuitry and solar array isolation diodes.
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Shunting

The shunting system consists of 24 shunt elements one per solaramay circuit, expandable to 28 shunt
elements, each capable of pulse-width-modulating the solar array circuit from full on to full off.
Shunt control is by the shunt mode error ampli.f3erlocated in the PDU. This bus voltage error signal
sequentially turns on shunts as additional shunting is required. Pulse width modulation (PWM)
operation (at 200 kHz) ensures that filter component size is minimized while providing substantially
lower dissipation over a dissipative linear shunt system.

Telemetry and Command Decoding

All solar array assembly and SSU generated telemehy is conditioned, multiplexed and digitized into
a serial format to be sent to the BDU. Commands from the BDU are received in the SSU, decoded
and issued as required. Redundant command decoders are utilized to prevent a single point failure.

7.3.3 Power Distribution Unit

The PDU serves as the centml power distribution and control point for the Spacecraft. During
sunlight, solar array power is delivered to the various Spacecraft loads and to the batteries for
recharging. During eclipse, battery voltage is converted by the BPCS to +120 Vdc to provide
regulated Spacecraft power. Under all circumstances, the PDU will provide 120 Vdc *4% to the
output power distribution fuse boards for delivexy to the instruments and various subsystem
equipment loads.

In addition to perfomning central power distribution, the PDU will control the bus voltage regulating
elements (SSU and BPCS) via the mode controller contained within the PDU. The PDU will also
contain the main capacitor bank and double insulated bus bars, command and telemetry interfaces,
de/de converters, fuse distribution boards, cummt sensors and control boards.

-- The PDU capacitor bank will consist of 64 capacitor pairs to make up a low ESR 1000 microfarad
assembly. Each capacitor pair will be provided with a fuse to preclude a single point failure
associated with a capacitor short.

Fused boards will be implemented with a redundant fuse scheme (2 fuses +1 fuse bypass resistor)
for each output. Command and telemetry circuits will provide primary and redundant interface
capability to the primary and redundant BDUS. The telemeuy inputs will consist of current, voltage,
and temperature. ‘IWOde/de converters will be cross–strapped to provide reliable internal power
capability. Fuses in the SAA circuit lines will provide protection to the bus against a failure of a
module in the SSU or SAD.

The mode controller section of the PDU will contain bus voltage mode controlling amplitlers,
multi-phase clocks, battery charge rate and voltage/temperature (V?T) select circuitry, and two
serial command line/command decoders. All circuit functions will be on–line redundant. Major
circuit functions will be as follows:

● Mode Controller

Redundant mode controllers will be incorporated to provide separate charge/discharge and shunt
operating modes. During charge mode the output voltages will be capable of being overridden by
charge rate select levels as well as V/T limit levels. Eight identical, but isolated, control signals will
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be distributed to BPC #1 and eight additional control signals sent to BPC #2. Any single BPC
channel failure will not cause any remaining channels to fail. Three identical, but isolated, control
signals will be distributed to the SSU, in such away that any failure of one line shall not cause the
remaining line to fail.

Multi-Phase Clock

A redundant multi-phase clock will be incorporated to provide four 100 kHz,signals (spaced 90
degrees apart) to each BPC. Any single BPC channel failure will not cause the remaining clocks
to fail.

Charge Rate Select and V~ Limits

‘Nvointernally-redundantcharge rate select, and V~ limit select circuits will be used. These limits
will be used to regulate the battery current or limit the battery voltage.

Serial Command Lhe and Command Decoder

A serial command line will be used to receive charge rate and V/T commands from the BDU. The
PDU control section will utilize redundant command decoders to decode all appropriate commands.

7.3.4 Battery Power Conditioner

The BPC performs two major functions: (1) boosts the battery voltage to 120 V to provide regulated
Spacecraft power during eclipse, and (2) acts as a bucking regulator to provide battery charging
during sunlight. The BPC is controlled by the mode controller located in the PDU.

Discharge Control

During eclipse periods the BPC is controlled by the mode control emor ampltiler in the PCU and
the four BPC channels act as canonical-boost regulators. The bus voltage error signal is used by
the BPC to regulate the bus voltage to the specilled limits using pulse width modulation. Current
sharing is assured between BPCSdue to the implementation of current-mode (conductance) control.
In the event of an overload, the pulse–width is reduced to zero to protect the switches, and the
channels cease switching.

Charge Control

During sunlight periods the BPC is controlled by the mode control error amplitler to act as a
canonical-buck regulator to charge batteries as well as vary the battery charge current to regulate
the bus. Maximum battexy charge rates and V/T limits are sent as commands from the BDU to the
PDU, where they are decoded.

Power Channels

The charging and discharging function is accomplished by use of a bidirectional
switching-regulator converter topology. Four 600-W power channels are utilized, each with
independent current loops, to provide the required output power while providing overcument
shutdown protection. In the event of a channel failure, the three remaining power channels are
capable of providing the maximum 1800 W power requirements.

DCC061093 76



DN-SE&I-010
10June 1993

Each power channel receives two control inputs from the PDU: a (redundant) control voltage and
clock. The control voltage sets a channel charge to discharge level determined by the conductance
of the channel design (2 amps per volt, for example). The clock provides the channel switching
frequency as well as channel phasing. Each channel is operated at 100kHz and is phased 90 degrees
from each other. This provides lower ripple current and thus reduces the filter component size and
weight.

Each BPC channel can be inhibited by means of a ground command or local failure detection.
However, a hardware interlock is provided by the PDU to prevent more than one channel from being
turned off by command. Moreover, each BPC channel has a ground commendable failure detection
ovemide.

7.3s Fuse Distribution Box (FDB)

The ~B is the +120 Vdc and +28 Vdc power distribution and protection point at the instrument
and subsystem locations. It will consist of connectors and a number of fuse boards designed to
distribute +120 Vdc to the EPC and associated hardware at a given location. Figure 39 shows how
power is distributed via the FDB within a typical equipment mcdule. Power is distributed to each
of the instruments in a similar fashion.
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8 ELECTRICAL ACCOMMODATIONS SUBSYSTEM (EAS)

8.1 Electrical Accommodations Functional Description

The EAS provides all inter-subsystem and inter-component electrical interconnections, and
implements the system and major-assembly level grounding requirements of the EOS Spacecraft.

Additionally, electronic assemblies are provided to apply ftig current to the electr~xplosive
devices (EEDs) used on the EOS Spacecraft. These devices are used in the pyrotechnic mechanisms
of the solar amay and High Gain Antenna (HGA) deployment systems.

Electrical Accommodations provide for the following classes of interconnections:

a. 120 Vde primary power distribution and 28 V secondary power distribution

b. C&DH data busses, high-rate data links, and discrete wiring

c. Grounding and signal reference connections

d. Pyrotechnic cabling

The interconnection functions are provided by the Spacecraft core harness assembly, EM harness
assemblies, instrument accommodations harness assemblies, the Signal Reference Plane (SRP), the
Prime Power Reference (PPR), and attachment hardware for all of the foregoing. The harnessing
segmentation is shown in Figure 40.

8.2 Electrical Accommodation Components

Equipment module harnesses interconnect the individual components within the module.
Instrument accommodation harnesses interconnect the BDU and Spacecraft core harness with the
supported instruments. The Pyrotechnic Relay Assembly (PRA) is mounted on the Spacecraft core
close to the EEDs and receives drive signals from the C&DHS. The PRA provides EED-firing
current from the battery bus and incorporates special safeguards against EMI or other potential
causes of inadvertent ftig.

8.3 Core Harness

The Spacecraft core harness uses shielding antior physical separation to segregate signal categories
and redundant cables from other harness assemblies. In particulm, all pyrotechnic cabling is
physically separated from its redundant cable assembly. Major trunk segments are attached to
structural members. Harness branches connect the trunks to the EMs, instruments, core–mounted
equipment, umbilical, and GSE connectors.

8.4 Grounding

The overall grounding scheme for the EOS Spacecraft is shown in Figure 41. The prime power
reference dc single–point ground is identified where the return of the primary power bus and the fault
grounds of each EM and instrument are connected together. The SRP, comprised of
adhesive-backed metallic foil tape fastened to the primary structure tubes and bonded to the
end–fittings, provides a low–impedance path for RF signals and shield grounds.
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NAVIGATION, AND CONTROL SUBSYSTEM (GN&CS)

GN&C Performance and Capability Margins

The GN&C subsystem provides for the determination and control of the EOS Spacecraft attitude,
orbit, and appendage articulation. The subsystem must support a wide range of Spacecraft system
operating modes, providing normal, and backup pointing modes. The subsystem must also support
propulsive operations for orbit adjust and boost modes.

Thrusters are used to perform all slew maneuvers, including earth acquisition and reacquisition.
Four reaction–wheel assemblies (RWAS) are used for primary attitude control. Three magnetic
torque rods are used for momentum unloading. Key performance parameters are given in Table XI.
The @inting and navigation performance is predicated on parameters affecting atmospheric density
being within the indicated limits.

Table XI. GN&C Performance

Repeated Ground Track MO km at all latitudes, cross track, 3 u

Sun synchronous orbit conmol *I5 minutes, local mean solar time

Earth-Acquisition, Earth-Pointing, In–plane Delta–V, Out-of-plane Delta–V,
slew, and hydrazine boost modes.

Safe Mode Controller implemented independent of Spacecraft Controls Computer

Norm@, on-orbit pointing at instrument interface (arc-see, 3u, per axis)
Knowledge: 90 asec
Accuracy: 150 asec
Stability: OBS)
Jitter (TBS)

Navigation Accuracy: 150 meters, 30, per axis

Worst-case atmospheric density criteria (30):
Solar Radio Flux (F1O.7) = 230
Geomagnetic Activity Index (AP) = 400

Worst-ease RWA momentum utilization:
Less than 75% of capacity
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9.2 Attitude Control and Pointing Capabilities

The GN&C subsystem autonomously controls the Spacecraft attitude, and maintainsa navigation
statevector, which allows attitudeknowledge to be provided to instruments. Attitude control and
knowledge arerefemd to the instrumentcubes. The pointing allocations are provided in Table XII;
more details can be found in EOS-DN–SE&I-043 “EOS Pointing Error Budget and Veri.f3cation
Concept.” Attitude control errors and instrument positioning errors differentiate Pointing Accuracy
from Pointing Knowledge. .

Table XII. Instrument Pointing Budget

KnowledgeatIn- Accuracyat
strumentI/F InstrumentI/F

3 u (arc-seconds) 3 u (arc-seconds)

Estimates Estimates
Budgetitem

Roll Pitch Yaw Roll Pitch Yaw

Total Dynamic (RSS) 15.6 15.4 11.2 17.3 17.1 13.5
Total Static (RSS) 43.0 64.8 41.7 52.5 71.4 83.9

TotalErrorAllocation 58.6 80.1 53.0 69.8 88.5 97.4
Requirement 90 90 90 150.0 150.0 150.0

The pointing knowledge and pointing accuracy required by each of the EOS–AM instruments is
given in Section 4 of this document.

9.3 GN&C Block Diagram

The GN&C subsystem, as shown in Figure 42, comprises sensors, actuators, an attitude control
electronics (ACE), and software. Some components are linked by C&DHS hardware.

Primary sensing is provided by the star tracker for attitude and the irtertial reference unit (IRU) for
attitude rate. The three-axis magnetometer (TAM) senses the geomagnetic field. Backup attitude
sensing is provided by the eanh sensor assembly (ESA) for the roll and pitch axes, and by
gyrocompassing for the yaw axis. The fme sun sensor (FSS) serves as a back-up sensor for attitude
determination if one star tracker fails and back-up stellar acquisition mode sensor. Primary
navigational inputs are from the TDRSS Onboard Navigation System (TONS) with standard
TDRSS ground–based orbit determination as backup. TONS estimates EOS Spacecraft position,
velocity, drag coefficient, and master oscillator frequency. TONS also supports onboard time
maintenance and provides Doppler compensation predicts for the S–band transponder. TONS is
dependent upon receiving adequate TDRSS scheduled services.

Primary attitude control is provided by the reaction wheel assemblies (RWAS), with momentum
unloading by magnetic torque rods (MTRs). Thrusters within the (propulsion subsystem) provide
for backup attitude control and/or momentum unloading, as well as for attitude slewing and velocity
corrections.
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Most GN&C algorithms are implemented by flight softwm resident in the C&DH Spacecraft
controls computer (SCC). GN&C primary mode functions are accomplished by a fault-tolerant
system which includes fault detection, isolation, and recovery (FDIR) capability, using functional
and component redundancy. GN&C acquisition modes serve also as backup modes, and enable
graceful transition to and from the primary modes, as necessary.

TONS navigation software resides in the SCC. Safe-mode control is implemented via the ACE.
The ACE provides coarse attitude control of the EOS Spacecraft in the event of a major C&DH
system problem.

9.4 GN&C Software Functions

The relationships among the GN&C software functions which provide knowledge and control of
attityde, orbit, and appendage articulation, are shown in Figure 43. In addition, a number of
overhead functions are required, including mode selection and control, and FDIR. The flight
software tasks required to implement the GN&C functions are listed in Table XIII.

9.5 Safe-Mode Control

The GN&C safe-mode control subsystem (SMCS) (Figure 44), provides for contingency attitude
control, independent of the SCC. The SMCS takes over control of the primary GN&C hardware
as a result of ground command, or upon initiation by “watchdog” circuitry in the C&DH subsystem.
This circuitry monitors periodic outputs from the SCCS which indicate continued functional
“health” of the SCCS and their resident software. The SMCS is activated when no viable SCC is
available by FDIR or by ground command. The SMCS remains in control until a ground command
returns control to the primary system andor overrides the watchdog function.
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Table XIII. GN&C Flight Software Tasks

Gyro data processing
Filter gyro data
Convert body rates

Update filtering
Propagate state
Filter sensor data
Generate attitude updates
Maintain star catalog

Navigation
Predict and falter Doppler data
Estimate EOS position and velocity
Compute TDRS position and velocity
Accumulate Spacecraft clock time bias
Compute position of sun and moon

Desired Spacecraft attitude

Spacecraft attitude correction
Normal mode
Acquisition and maneuvers
RWASor thrusters

Thruster command generation

Reaction wheel unloading
Magnetic torquers or thrusters

High Gain Antenna and Solar Array Drive control

Mode and Sequence Control
Task scheduling
Sensor selection
Attitude correction mode

Fault Detection, Isolation, and Recovery (FDIR)
Detection of anomalous conditions
Autonomous transition to Safe Mode
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Figure 44. Safe Mode Block Diagram
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10 PROPULSION SUBSYSTEM (PROPS)

10.1 Propulsion Subsystem

The EOS propulsion subsystem incorporates hydrazine as a monopropellant with catalytic thrusters
to provide impulse capability for orbit circularization, orbit maintenance, attitude control, and
backup momentum management. Operationally, the subsystem relies on pressure blowdown within
a single propellant tank to deliver fuel to a functionally redundant thruster manifold. All propulsion
subsystem components and interface equipment are contained within the propulsion module.
Included as suppoti equipment within the propulsion module are: EPCSfor power conversion, FDBs
for power fusing and distribution, HCES for heater control, and a BDU for command and telemetry
handling.

10.2 Propulsion Functional Description/Architecture

A functional diagram of the propulsion subsystem and its relation to the propulsion module and other
major Spacecraft subsystems is depicted in Figure 45. The subsystem is divided into primary and
redundant branches with fully redundant Propulsion Module Electronics Assemblies (PMEAs),
attitude control thrusters, and latching valves. Functionally redundant and cross-strapped delta–V
thrusters are utilized to meet all EOS orbit acquisition and maintenance requirements. All subsystem
commands are received by the PMEA which provides signal conditioning and control functions
required to drive the thrusters, heater circuits, and latching valves. Power conditioned fkom 120 V
to 28 V is provided to each PMEA which directs and controls power distribution to all subsystem
components.

The subsystem is comprised of a single 40.&x-33.8 inch spheroidal propellant tank with a
maximum capacity of 760 lb~, twelve attitude control thrusters, four delta-V thrusters, two service
valves, a pair of latching isolation valves, two filters, and a pressure transducer. Depicted in
Figure 46 is a schematic representation of the propulsion subsystem. An elastomeric diaphragm
within the tank expels propellant by providing a separation barrier between the pressurant and
hydrazine fuel. Individual servicing of propellant and pressurant is achieved via separate and
dedicated service valves. This tank and manifold configuration permits loading and unloading of
the subsystem in either a vertical or horizontal positions. Engine half-systems are interconnected
by a cross-coupling manifold, which makes available the full propellant load to either set of
thrusters. Latching valves can a.xtutilized to isolate the thrusters from a particular propellant source,
if necessary, and to provide a third inhibit to propellant leakage. The all welded subsystem manifold
is constructed of both titanium and stainless steel to minimize the required number of transition
tubes.
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A thermal balance method k utilized to provide an extremely accurate estimate of fuel remaining
and allows periodic updates with increasing accuracy throughout Spacecraft life. This
non–intmsive application of the existing thermal control and telemetry subsystems is based on the
change in temperature of the tank and fuel system over a given period of time. Since propellant mass
is the only variable in the tanidfuel system following pressurization lockout, the speci.tlc heat of the
system is directly related to propellant remaining. Calibration readings are taken of the empty tanks
prior to launch and in a fully loaded condition immediately after separation. Propellant gauging
accuracies will vary from 3% of the system capacity at BOL to 0.1% at one year before tank
depletion is scheduled to occur. TWo additional methods are provided to supply a redundant
estimation of remaining propellant, the pressure-volume-temperature (WT) method and the
book-keeping method.

10.3 Propulsion Avionics

10.3.1 PMEA Definition

The PMEA providessignal conditioning andcontrolfunctionsrequiredtodrive themonopropellant
thrusters,heatercircuits, and latching valves from standard interface circuits provided by the BDU
and the serial input of the ACE interface. The PMEA also provides the signal conditioning required
to convert output level signals from temperature sensors and pressure transducers associated with
the Propulsion Subsystem into standard analog voltage signals compatible with the BDU interface
circuits.
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10.3.2 EPC Definition

The Electrical Power Conditioned receive primary and redundant 120 V fused power and return
feeds from the 120 V fuse distribution boxes. Electrical isolation shall be maintained between the
redundant feeds. The EPC’S output interfaces directly to the 28 V FDBs before being distributed
to propulsion module compxents.

10.4 Propulsion Components

The EOS propellant tank is constructed of titanium and are con.tlgured exactly the same as the
propellant tanks being used on the TDRS program. The TDRS tank design exceeds all the EOS
design requirements with proof and burst factors of safety of 1.25 and 1.5 times its MEOP of 400
psia. Each tank has a volume of 28,144 cubic inches, with a maximum storage capacity of 760 lbm
of hydrazine. Propellant management for the propellant tank is achieved with an AF-E-332
diaphragm.

Flight proven l–lbf and 5–lbf rocket engine assemblies (REAs) will be used for mission delta–V
and control of the EOS Spacecraft. Each thruster consists of a series-redundant propellant valve,
a thrust chamber assembly, redundant valve and catalyst bed heaters, a temperature sensor attached
to the aft injector flange, and a heat shield. REA worst-case throughput has been evaluated for the
EOS design and demonstrates significant margin. The l-lbf REA has been qualified for a
throughput of 58,500 lbf–sec and 420,000 pulses (the valve is qual~led to over a million pulses).
The 5-lbf REA has demonstrated a throughput capability of 103,271 lbf-sec with more than 20,000
total pulses. The in–flight data base for these engines has demonstrated that these engines are not
duty cycle sensitive.

REA thrust and Isp vary linearly with engine valve inlet pressure. Nominal thrust is 0.9 Ibf and 5.4
Ibf for each REA, respectively. The maximum expected flight pressure resulting from thermal
excursions is 400 psia. The REAs have demonstrated proper petiormance up to inlet pressures of
420 psia. The minimum system-design pressure is 100 psia. Engine function has been demonstrated
at pressures as low as 50 psia for the 5–lbf REA and 75 psia for the l-lbf REA. Average pressure
throughout the EOS mission is 225 psia resultinginanIspof217 seconds, assuming an off-pulse
duty cycle of 85% and nominal engine performance.

All REAs are required to operate in both a steady–state mode and pulsing mode. The REA is
completely insensitive to helium saturation levels in the propellant. No limitations are placed on
the engine in terms of bum duration, hot restarts, or duty cycle. The minimum response time for
the l–lbf REA is 10 ms while the 5-lbf REA minimum pulse width is 15 ms. Steady-state impulse
bit predictability is 19i0.Comparing the thrust deviation of our REA database with the qualtilcation
unit shows that the worst-case thrust deviation is less than 570.

Subsystem service valves are small, inline, flange mounted, manually operated valves. Internally,
the valve is constructed of all stainless steel and includes Teflon seals. AfterRCS loading, the valves
are torqued closed, and a third redundant seal is provided by an outer cap screwed over the valve
body. Isolation latching valves use a torque motor-actuated design with latching forces supplied
in both the open and closed positions by permanent magnets. A flexure tube both isolates the torque
motor from the fluid passages and acts as the primary valve spring.
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The presswe transducer has an all-welded outer case with pressure fittings that are made from
stainless steel to provide high strength, low weight, and good corrosion resistance. The pressure
transducer provides a 5 Vdc output at full scale range. An integrated electronics package provides
complete signal conditioning and inputioutput isolation. The pressure range covered by the
transducer is Oto 400 psia with a total full scale accuracy of iO.5 %. The use of these high accuracy
transducers enables the user to estimate propellant usage to a worst-case accuracy of 3.8% of the
tank capacity (this occurs near scheduled tank depletion).

The in-line propellant filters used on EOS are stacked etched disc filters. Propellant filters are sized
to a 15-micron limit and are capable of four times the maximum expected contaminate level of the
subsystem. The falter elements are held in an all-titanium housing. Propellant filters are located
in each half-system. In addition to these filters, each thruster and latching valve comes equipped
with a 30-micron inlet filter to protect the individual component.

10.5 Propulsion Module Functional Description/Overview

The propulsion module for the EOS–AM Spacecraft is a separately built and tested assembly which
contains the propulsion subsystem, structure, supporting avionics and thermal control equipment.
The propulsion module provides impulse to the Spacecraft, as required, for three-axis attitude
control, orbit adjustment, and maintenance. An isometric view of the propulsion module is depicted
in Figure 47. Primarily, the module consists of a rear bulkhead, stabilizing struts, a propellant tank,
thrusters, BDU, and electronics. Total dry mass of the propulsion module is 341.3 lbm. Integration
and testing of the module is performed separately from and parallel to the Spacecraft bus. At the
completion of propulsion module integration and test, the propulsion module is inserted into bay one
of the Spacecraft primary structure. Service valves, which are accessible at all times during test and
launch site loading operations along with low point propellant tank outlet ports, enable propellant
off–loading if required.

Four EPCS provide power conditioning for all propulsion module components. Electrical
interconnections among all components and a local single–point ground are provided by the
electrical accommodations subsystem. The thermal control subsystem maintains all component and
propellant temperatures within prescribed limits through the use of active heater control, multilayer
insulation blankets, and surface coatings.
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11 COMMAND AND DATA HANDLING SUBSYSTEM (C&DHS)

11.1 C&DHS Functions and Services

The command and data handling subsystem (C&DHS) provides onboard computing resources to
accomplish Spacecmft control and digital communications ti SUpPOrt of inter-m~ule,
intra-subsystem, and inter-subsystem data trafllc. It is responsible for the baseband handling of all
uplinked command data transfers received from the communication subsystem (COMMS) and for
coordinating the telemetering of all Spacecraft and Instrument-generated data to be downlinked
through the COMMS or hard-lines.

There are a number of services the C&DHS provides to subsystem components and Instruments to
accomplish control and communications. These services include:

a.

b.

c.

d.

e.

f.

g.

h.

Distribution of realtime and stored commands generated on the ground or by the onboard
software.

The periodic collection of Spacecraft Bus telemetry and Instrument housekeeping
telemetry and the formatting of these data for tmnsmission to the ground and the onboard
software.

The gathering, formatting, multiplexing, and recording of multiple streams of
packetized Instrument Science Data.

The generation and distribution of the synchronization service, standard time service,
and precise time service

The onboard communication of digital data between and among the distributed hardware
and software components of Spacecraft subsystems and between Spacecraft subsystems
and Instruments.

Providing the processing and software resources requtid for the execution and storage
of the programs and data belonging to the onboard subsystems.

The input and output of data from/to subsystem sensors/effecters and Instruments,
including appropriate signal conditioning and conversion of signals between the analog
and digital domains.

Accepting the SCC–based Flight Software Subsystem prepared and formatted ancillary
data message, then replicating and delivering the ancillary data message to the onboard
Instruments and transmitting it to the ground for ground system use.

11.2 C&DHS Block Diagram

The C&DH subsystem is distributedthroughouttheEOS–AM Spacecraftwith interfacesto all other
subsystems andto the Instruments.A block diagramof theC&DH subsystem components showing
how they are distributedabout the Spacecraft is depicted in Figure 48.
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11.3 C&DHS Components

The major components of the C&DH subsystem and their primary function are listed in Table XIV.
Control of most Spacecraft fimctions is provided by redundant Spacecraft Controls Computers
(SCCS) that are part of the C&DH subsystem. The SCCSare nominally configured as one active and
the other as cold–standby. However, the Spacecraft can operate with both SCCS powered+n for
diagnostic opemtions. The commandhelemetry interface unit (CTIU) provides the communication
interface for uplinked commands and the housekeeping telemetry. The command and telemetry bus
(C&T bus), which is the onboard communication link between the CTIUS, BDUS, and instruments,
is a redundant serial data bus. The SCCS utilize the controlling CTIU for Spacecraft command
distribution and receives C&T bus data gathered by the CTIU. On each bus, one CTIU (active) acts
as the bus controller (BC), the other CTIU (hot standby) acts as a remote terminal, and all other nodes
are conilgured as remote terminals @Ts). The bus data units (BDUS),residing near Instruments and
within housekeeping equipment modules, provide the monitoring and control services to their
asstiiated instruments or Spacecraft components. Standardized input/output (1/0) circuit modules
interface the BDUS to sensors, effecters, and other units.

Dedicated point-to-point data links carry high–rate instrument data to the Science Formatting
Equipment (SFE). The SFE generates formatted science data for the realtime links and for storage
within the Solid State Recorder (SSR). The SFE routes the data to the appropriate destination. A
separate bus, the low–rate science bus, handles low–rate instrument data. The SFE is the BC on the
low–rate science bus while the Instruments and the C’ITUSare RTs.

Table XIV. Major Components

Subsystem Component

SpacecraftControlsComputer(SCC)

Command and Telemetry Interface
unit (CTIU)

Bus Data Unit (BDU)- Housekeeping

Bus Data Unit (BDU)- Propulsion

Bus Data Unit (BDU)- Instrument

Science Formatting Equipment (SFE)

Solid State Recorder (SSR)

Qty ] Major Function

2 IFSWS software processing resource, only one powered

2 ICentral componentfor Spacecraftcommandingand
telemetrygeneration,only one active ‘“I

6 IInterface to housekeeping equipment for command
distribution and telemetry gathering from/to the CTIU I

1 Intexface to Propulsion Module for command distribution
and telemetry gathering from/to the CTIU

3 Provides point-to-point interfaces for critical and
configuration type commands and telemetry

1 Receives, multiplexes, fomtats, and routes science and
housekeeping packets

2 DCU Storage of housekeeping data for anomaly resolution

2 DMU I Storage of formatted frames prior to playback to SFE I

11.3.1 Spacecraft Controls Computer

The Spacecraft Controls Computer (SCC) controls most of the Spacecraft functions, There are
redundant SCCS which implement the MIL-STD- 1750A Instruction Set Architecture. Each SCC
hosts fmware to provide basic power-up functions, e.g., a bootstrap loader and initialization
routines. Once loaded, the active SCC’S software provides a real-time Operating System (OS)
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kerneland supportsthe execution of application software (SAV)for the Spacecraft subsystems and
for Instruments. The software is written, to the extent possible, in the Ada programminglanguage.
The redundantSCC is in a cold-standby state. Both SCCScan be simultaneously powered andhost
the full software load but the standby SCC can never be a hot-standby.

The SCC has the capability to store and initiate the execution of command sequences.

11.3.2 Command and Telemetry Interface Unit

The CTIU is the central interface component for the C&DHS. A CTIU has a number of d.iHerent
interfaces:

a. to a Spacecraft subsystem which has both an embedded C&T RT and BDU as shown in
Figure 49

b. to the SCC–based FSWS as shown in Figure 50

c. to an Instrument as shown in Figure 51

d. to COMS as shown in Figure 52

e. to Spacecraft equipment or C&DHS component only through a BDU as shown in
Figure 53.

.
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4

Point-to-Point logic pulse Spacecraft
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SCC ~ LOOP IX*
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REMOTE
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RELAY DRIVE Configuration
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J F I
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Figure 49. C&DHS Functional Interfaces with Spacecraft Subsystem with Embedded RT
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Both CTIUS are always on whenever the Spacecraft is powered. The operational states for a CTIU
are active, standby and test. Both the active and standby CTIU (1) process the uplinked command
data transfer, (2) can receive uplink commands via the Forward Link (uplink) Service and (3) have
an operational low–rate science remote terminal. Only the active CTIU:

a. distributes commands to Spacecraft subsystems and Instruments

b. gathers telemetry data from the Spacecraft subsystems and Instruments

c. accepts data from the active SCC-based FSWS

d. delivers data to the active SCC-based FSWS

e. supplies data for inclusion in the science data stream

f. provides downlink data via the S-band transponder

“ g. distributes H/K telemetry data to onboard storage for later playback to the S-band
transponder

h. provides the Spacecraft master clock

i. provides the synchronization, standard time and precise time services

j. monitors the health/status of the active SCC-based FSWS

k. replicates and distributes the ancillary data packet.

The command and telemetry (C&T) bus is a redundant serial data bus using a Digital Time Division
Command/Response Multiplex Data Bus (MIL-STD- 1553B) protocol, which supports single and
multi–word data transfers. This data bus is central to transferring the Spacecraft commands and
telemetry data within the Spacecraft Bus. The active CTIU is the bus conwoller (BC) while the
standby is a remote terminal (RT) on the C&T bus.

The bus and bus-related transactions are controlled by CTIU resident schedules to ensure the
C&DHS provided services exhibit a deterministically bounded timing performance for its real-time
opintions. These schedules are based on a minor cycle of 8 millisecond cycle, a major cycle
containing 128 minor cycles (1.024 seconds) and a master cycle containing 64 major cycles (65.536
seconds).

The active CTIU utilizes two dedicated high speed serial Input/Output (1/0) electronic interfaces
with the active SCC–based FSWS. The CTIU-tcA3CC interface provides the SCC with the
Spacecraft bus data (SCC closed-loopdata and H/K telemetry). The SCC-to-CTIU interface is used
to transmit onboard command data transfers to the active CTIU for distribution. The active CTIU
cotilgures these interfaces on command. A loop back is performed as part of the interface checkout.

As shown in Figure 52, the CTIUs have several COMS interfaces. The CTIUS utilize interfaces to
the S–band transponders (1) in support of the uplink and downlink of data (2) time-tag of the the
pseudo-noise epoch and (3) time-tag of the the Doppler Integration Interval. The CTIUS intetiace
with the master oscillator to derive its synchronization and time services. Via the BDU interfaces,
the active CTIU can transmit 1553B messages containing commands to COMS and retrieve
telemetry. Any faults detected by either CTIU are reported in telemetxy.
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11.3.3 Bus Data Units

The Bus Data Units (BDUS) are internally-redundant components whose function is to provide a
standard set of command and telemetry interfaces to Spacecraft housekeeping components and
Instruments. BDUS are distributed throughout the EOS Spacecraft. The BDU is powered on/off
and reconfigured via relay drive commands received from either the standby or active CTIU. A
BDU communicates with the active CTIU’S C&T bus controller via a MIIAYID-1553B dual
redundant C&T remote terminal interface. At the remote terminal intexface, the BDU validates
messages addressed to it. Its design allows for a possible single re-transmission of a C&T message.
The BDU Command and Telemetry Execution Unit (CTEU) routes MIL-STD-1553B messages to
and from the remote terminal, performs message processing, issues effecter commands, samples and
formats sensor telemetry data for transmission to the CITU. The BDU receives C&T bus messages
containing (a) synchronization service (synchronize with data word mode cede), (b) BDU sample
schedule table, (c) subsequent data gathering request, and (c) commands.

Standardized InputlOutput (l/O) circuit modules interface the BDUS to sensors, effecters, and other
units. The interfaces permit the BDU (1) to send relay drive commands, (2) to deliver commands
via a serial I/O interface, (3) to send logic pulse commands, and (4) to sample telemetry via BDU
serial, active/passive analog, or active/passive hi-level telemetry interfaces. The BDU provides
signal conversion and signal conditioning between the analog and digital domains.

11.3.4 Science Formatting Equipment (SFE)

The Science Formatting Equipment (SFE) is part of the high-rate data handling system for the EOS
Spacecraft. The SFE accepts asynchronous data in the form of CCSDS Version-1 source packets
from both the Low-Rate Science Bus and multiple redundant high rate point-to-point electrical
links. The packets are then assembled into CCSDS CADUs, and transferred synchronously on four
channels to the High Rate Modulators (KSA and DAS) at rates of up to 150 Mbps each. The
high–rate data handling system includes a Solid State Recorder (SSR) for recording the science data
for playback to the KSA and DAS modulators. The SSR has interfaces to the CTIUS for recording
and playback of the H/K telemetry data. The overall system interface block diagram is shown in
Figure 54.

The SFE routes a selectable set of CADU data, either in real time from Instruments or playback from
the SSR, to a combination of modulator inputs. The two type of outputs are the Ku-band Single
Access (KSA) and the Direct Access System (DAS) modulators. The available combinations of data
links are summarized in Table XV. Two redundant sets of channels (CH1 and CH2) are allocated
to each type of modulator, but only one set to each modulator is active at a given time.

For receiving serial commands, the SFE includes a command/telemetry interface to the BDU. SFE
operating mode commands and inputioutput rate commands are received through this interface.
Serial telemetry generated by the SFE is provided to the BDU via a serial digital interface.
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Figure 54. SFE and SSR Interface Block Diagram

Table XV. Science Data Links

Return DataType Data IMe Usage
Link (Maximum

Service Allowable)

Chan Chan Chan Chan
1 2 1 2

TDRSS P/B 150 PlaybackScienceData Downlink
KSA Mbps

TDRSS R/T 150 Real-timeScienceDataDownLink
KSA Mbps

R/T 12.5 Real-TimeDirectBroadcast(DB)
(X-~md) Mbps (NcxSimultaneouswith DirectPlayback)

DB & DDL W-I- R/T 12.5 105 Real-TimeDB and DirectDownlink(DDL)
(X-band) Mbps Mbps (Not Simultaneouswith DirectPlayback)

DB & DP2 R/T P/B 12.5 105 Real-TimeDB and DirectPlayback(DP2)
(X-band) Mbps Mbps (Not Simultaneouswith DirectPlaybackDP1)

DP1 P/B 150 DirectPlayback(DPl)
(X-band) Mbps (Not SimultaneousWithDB or DDL)
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The Low-Rate Science (IRS) bus is a redundant serial data bus using a Digital Time Division
CommancVllesponse Multiplex Data Bus (MIL-STD-1553B) protocol, which supports single and
multi-word data transfers. Any Instrument with less than 100kbps of science data uses this interface
for transmission of their science data. The SFE, as the LRS bus controller, communicates via the
C&T bus with the (a)standby CTIU and active CTIU, (b) Low-Rate Instruments [MOPI’IT,
CERES-1, CERES-2], and (c) test port. The aggregate of all data received through the LRS bus
is multiplexed together and allocated to a single downlink virtual channel using the CCSDS defined
Standard Service.

11.3.5 Solid State Recorder

The Solid State Recorder (SSR) is a data storage device in the C&DHS. The SSR stores 140 Gbits
of chits storage of which 384 Mbits (2+rbits) are allocated to H/K telemetry for playback via the
S-band transponder and the remainder is resewed for science data. The SSR is capable of
simultaneously recording and playing back Spacecraft science data via an interface with the SFE.
Concurrently, the SSR is capable of recording or playing back I-UKtelemetry data via an interface
with the CTIU. The SFE and CTIU interfaces operate independently of each other. The SSR
architecture is single-fault tolerant.

The SSR consists of two identical, redundant Data Controller Units (DCUS), and two identical Data
Memory Units (DMUS). The complete mass memory capability is provided by the Data Memory
Unit(s) plus the local memory contained within the Data Controller Units. User capacity can be

added by increasing the number of Data Memoxy Units or increasing the density of storage within
the DMUS. In o~ration, only one of the Data Con@ollerUnits is active at a given time and it supplies
power to the Data Memory Unit(s). The DCU contains the record/playback data processing,
command and telemeny processing and power generation circuitry.

The full capacity of the SSR can be reached through one continuous recording or through a process
of several consecutive recording sessions. Full capacity need not be met prior to playback of
recorded data and the SSR is capable of playing back all or a selected segment of stored data.

The science data CADUS directed to the SSR by the SFE have the same format as the ones directed
to the modulators in real-time with the exception that the Replay Flag bit in the VCDU primary
header is set to”1”. Consequently, the Reed-Solomon check symbols that follow the VCDU data
unit zone is different between a CAIN directed to the recorder and a modulator. There me two
record intetiaces, one to each of the SSR controllers. However, only one side is active at a time.
The SSR is capable of recording four simultaneous data streams from the SFE at a data swam rate
of 37.5 Mbps, corresponding to an aggregate data rate of 150 Mbps. The SSR is also capable of
playing back four simultaneous data streams to the SFE at a clock rate for a channel which can be
either 18.75 Mbps or 37.5 Mbps toa maximum aggregate data rate of 75 or 150 Mbps, as determined
by the data clock supplied by the SFE. A playback session is initiated by either the SCC–based
FSWS or ground controller command.
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The SSR is capable of sorting and recording Spacecraft Science Data in separate logical data buffers
according to the source of the data. This capability provides for selective playback of this data. The
SSR is also capable of recording and playing back real-time, continuous Spacecraft Housekeeping
(H/K) Teleme~ data via cross-strapped interfaces to each one of the Spacecraft CTIUs. A telemetry
input data rate of 16 kbps is supported. The SSR plays back stored telemetry data at a commanded
rate of 256 or512 kbps.
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12 COMMUNICATIONS SUBSYSTEM (COMMS)

12.1 Communications Links and Lhk Parameters

Communications subsystem links between the EOS Spacecraft and external elements are shown in
Figure 55. The links satisfy the functional requirements for high–rate science data downlink,
Spacecraft engineering data downlink, command and control uplink, and navigation support.

The communication links utilize several services of the TDRSS:

a. KSA return service for science data downlink,

b. SSA and SMA return service for engineering downlink,

c. SSA and SMA forward service for commands and

, d. SSA and SMA fonvard service for autonomous navigation.

In addition, the communications subsystem supports a direct to user science data downlink, direct
access services (DAS), and a ground network (GN) link can be established to support emergency
operations.

Tracking & Data

‘%’’’’’’”

Iss’lstw

S-band Omni
Antenna

4

&TDRSS
White Sands

Station

GN
Station

Figure 55. Communications Subsystem: Lhks
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12.2 Communication Link Functional Allocations

The data rates available for the commanding and/or other forward-link functions ae given in
Table XVI for the various link paths and services.

Table XVI. Forward (Command) Links

ForwardLink Link Antenna Data Rate Usage
Service ~~Wy

TDRSS SMA 1 HGA 1kbps Low-RateCommands,
(LHC) Contingency

TDRSS SSA 3 HGA 10kbps High-Rate Commands
(LHC/RHC) NormalMode

TDRSS SSA 5 Grtmi 125bps ContingencyCommanding
(RHC)

DSN/GN/WTS 9 Omni 2 kbps EIllCT&tlCy Commanding
S-Band (RHC)

Hard-Line — Umbilical 2 kbps CommandsfromGSE(Pre-Launch)

Notes: 1. A Contingencyisdefinedas a non-normal operationalconditionsuchas theneed to command
the Spacecraft during ncm-SAcontact periods, or as the need to reconfigure the Spacecraft
using the S-band Omni antennas.

2. An Emergency is defined as a non-normal operational condition which forces the use of the
GN instead of any TDRS.

Backup ranging is available only on the TDRSS S-band. One–way return (Doppler only) tracking
is supported in the S–band transponder by use of the master oscillator (MO). llv-way ranging
(range and range-rate) is possible with the coherent operation of the SSA link. The hard-line launch
vehicle interface is used for prelaunch checkout and system configuration.

The return-link allocations of functions and data rates are given in Table XVII for the TDRSS, GN,
and DAS.

The KSA link supports high-rate science data playback, while the S-band link supports
housekeeping telemetry. Simultaneous real-time telemetry and computer or low-rate recorder
dump is possible on the TDRSS S-band links, using the high gain antenna (HGA). The HGA is
shown in Figure 56.
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Table XVII. EOS Return Lhk Telemetry, Science and Tracking Modes
Antema I Mod. ] “lkack-

C%!le

on

on

On

on,
[Ch
on

on

off

off

Service I Data Mode Rate

16kbps ~4~
16kbps
16kbps (4J
16kbps
-
16kbps
16kbps
16kbps

;;t:rpso)
1kbps (4)
1kbps
1 kbps (4)
1kbps
75 Mbps
75 Mbps
75 Mbps
75 Mbps

ErP TDRS-SMA Real-TimeI-UK
DG1,MI,2 Real-TimeH/K
TDRS-SMA Real-TimeH/K
DG1,MIZ Diagnostic
TDRS-SSA ReaJ-TimeH/K
DG1,M1,2 Real-TimeH/K
T’DRS-SSA Real-TimeH/K
DGl, Mlj? Diagnostic
TDRS-SSA Real-Tiie H/K
DG1, M3 PlaybackH/K
TDRS-SSA Real-TimeH&S
DG1,M12 Real-Tree H&S
TDRS-SSA Real-TimeH&S
DGl, MI,2 Diagnostic
TDRS-KSA PlaybackSci. ~>)
DG2 PlaybackSci.
TDRS-KSA Real-Time
DG2 Sci\S)

Real-Time Sci.

+

TDRSS 2B
Ncrmal
TDRSS 4A
Ncmnal

HGA
(LHCJRHC)

HGA
(LHC/RHC)

Omni
(RHc)

Emgd
Doppler

4B

4C rangd
Doppler

TTDRSS 6A
Contingency

6B

rangd
Doppler

T
TDRSS 8A
Normal

8C HGA IISQPSK no
(LHURHC)

Real-TimeI-UK

Real-Tne H/K
Diagnostic
Real-TimeH/K
PlaybackI-UK

Real-TimeH&S

Real-Tree H&S
Diagnostic

16kbps

16kbps
16kbps
16kbps
512 kbps

1 kbps

1kbps
1kbps

(1)

(2)

(2)

(1)

(2)

Emergency Omni
(RHc)

(%?)

(8’%)

Omni
(ItHc)

Omni
(RHc) I

Doppler Off

Doppler Off

Doppler Off

Doppler Off

Doppler Off

10B DSN/GN/
WPs

10C DSN/GN/
WPs

I10D DSN/GN/
WI%

I10E DSN/GN/
WPs

DAS m

12B

14A

16A

18A

DAS DB Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
PlaybackSci. [s)
PlaybackSci.
PlaybackSci. (5)
PlaybackSci.

12.5Mbps
12.5Mbps
12.5MbpS
12.5Mbps
12.5MbpS
105 Mbps
75 Mbps
75 Mbps
12.5MbPS
105mm

DAS
(RHc)

DAS
(RHc)

DAS
(RHc)

DAS
(RHc)

TQFsr

SQPSK@)

SQPSK

SQPSK

SQPSK

NIA

NIA

NIA

NIA

N/A

mr-

N/A

NIA

N/A

NIA

DAS DB’

DAS DBi
DDL
DAS DP1

DAS DB/
DP2

DAS
(RHc)

Notes:
1.
2.
3.
4.
5.
6.
7.

Modulationis PSK on 1.024MHzsubcarrier.
Modulationis PSK on 1.024MHzsutxarrier and PM on carrier.
There is no range or Dopplertrackingfor Mode2 (M2)operations.
Thereis no CEI requirementtoprocessthe I channel.
The I and Q data on links 8A and 8C originatefrom a singledata source.
The Q/I power ratio is41.
Interleavingof convolutionalencodersignals.
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12.3 Communications Services

The communications subsystem supports the EOS Spacecraft housekeeping functions by providing
command reception, telemetry transmission and navigation services. Transmission of telemetry and
reception of commands will be primarily supported through the hacking and Data Relay Satellite
System (TDRSS). If the TDRSS becomes unavailable, backup command and telemetry functions
will be accommodated through the use of the GN. Primary navigation functions will be supported
via the use of the TDRSS onboard navigation system (TONS). Should TONS support become
unavailable, then the TDRSS based S–band tracking support function will be utilized as the backup
navigation source. Direct downli.nk services will also be included which will provide direct to user
science data and also act as a backup to the TDRSS science data return link function. The
communications subsystem will support an interface for command functions through the launch
vehicle umbilical for prelaunch checkout.

To accommodate the above objectives, the communications subsystem will include Ku-band,
X–band and S–band equipment. A block diagram of the communications subsystem is given in
Figure 57.

The Ku–band equipment will provide the following functions:

a. Modulate and transmit one single 150 Mbps data channel via the TDRSS KSA telemetq
Return link.

b. Provide open loop pointing of the HGA in response to commands from the C&DH
subsystem.

The S–band equipment will provide the following functions:

a.

b.

c.

d.

e.

f.

?!?.

Receive and demodulate the SSA and SMA Forward link signals transmitted by the
TDRSS including the ranging channel.

Provide for S–band two way turn-around ranging as well as one way Doppler tracking
functions compatible with the TDRSS.

Modulate and transmit baseband telemeuy data on the TDRSS SSA and SMARetum links.

Receive and demodulate the GN command uplink signals excluding the ranging channel.

Modulate and transmit baseband telemetry data on the GN teleme~ downlink.

Perform Doppler extraction on the TDRSS foxward link and time tag the data for
processing by the C&DH subsystem.

Detect the PN code epoch on the TDRSS forward link and time tag the event for Spacecraft
clock calibration processing by the C&DH subsystem.
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12.3.1 Command Uplink Services

The primary on-orbit command uplink path will be via the TDRSS SSA service with GN services
available as an emergency backup. Normally, two 10 minute SA contacts will be scheduled where
a 10 kbps forward link will be established for command uplink. Use of the TDRSS MA service is
not operationally required but will not be excluded by the hardware design other than the constraint
of a 1kbps fonvard link rate due to the MA signal from TDRSS being a factor of 10weaker (–10 dB)
than the SSA signal. The contingency command uplink path will also be via the TDRSS SSA
service. The maximum forward link rate is 125 bps due to the use of omni antennas. The emergency
command uplink path will be via GN service. The standard GN command uplink rate is 2 kbps.
Command reception capability will also be provided via the launch vehicle umbilical for prelaunch
checkout.

12.3.2 Housekeeping Telemetry Downlink Services

The primary on-orbit housekeeping telemehy path will be via the TDRSS SA Return Service with
GN Services available as an emergency backup. Operationally the real-time 16 kbps housekeeping
telemetry will be downlinked via the HGA during the normal 20 minute SSA service. In a diagnostic
mode the real–time data can be transmitted via one data channel with SCC dump or telemetry
recorder playback on the other channel via the HGA. During periods when the HGA is not available
telemeuy will be downlinked using the TDRSS SSA service via one of the Ornni antennas. A 1kbps
channel rate is available which will predominantly be used for real-time health and safety telemeuy
but could be used for limited SCC dump data. Emergency backup using GN is also available with
rates as shown in Table XVII. These link configurations are the same as the TDRSS SSA normal
link configurations with the exception of the higher rate available for the telemetry recorder
playback.

12.3.3 Navigation Services

Autonomous navigation is performed using the TONS. The required Doppler extraction function
in the S–band transponder provides time tagged Doppler data to the TONS navigation software
residing in the Spacec~t control computer which performs the onboard orbit determination.
Onboard time is calibrated using the time tagged PN code epoch signal from the transponder which
is routed to ground support systems. S–band ranging using the S–band transponder is provided as
a backup to the TONS navigation.

12.4 Science Data Services

The communications subsystem supports the EOS Spacecraft science data services by providing
encoding, modulation and transmission functions.

The primary science data return path will be supported via TDRSS KSA service. A supplement to
the TDRSS/EOS DIS capabilities is provided via the DAS which provides users with rapid access
to real time science data. The DAS also provides a direct playback service which acts as a
rudimentary TDRSWHGA backup to provide an interface for remote relay of playback science data.
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12.4.1 TDRSS Ku-band Single Access (KSA) Services

The science data return link via the TDRSS KSA service will utilize a high gain antema and
high-rate modulator. High-rate data will be received from the C&DH subsystem and differentially
encoded, convolutionally encodecL then QPSK modulated on an IF signal by the high-rate
modulator. The IF signal will then be upconvemxl, amplifled and radiated by the HGA. A.naverage
of 20 minutes of TDRSS KSA service is requtid per orbit for normal mission operations.
Constraints on rnisseciKSA contacts due to TDRSS scheduling have been identifkd but do not tiect
the communications subsystem design except in the case of peak operating duty cycle (thermal
design) of the HGA.

12.4.2 Direct Access System (DAS)

The DAS will provide real time transmission of science data from selected instruments on the EOS
Spacecraft to user ground stations. The system will permit users to receive regional data from a
subset of instruments on–board the Spacecraft via two types of services, direct broadcast (DB) and
direct downlink @DL). The DB service will accommodate selected low-rate instruments in a
continuously available service. The DDL service will accommodate real-time data from ASTER.
The DDL service will be a scheduled service available to the users with prior knowledge of ground
station contact times. An additional service, direct playback, will provide a rudimentary backup to
the TDRSS KSA return path in the event of TDRSS non-availability or an HGA catastrophic failure.

12.4.2.1 Direct Broadcast Service

The DB service will be designed for continuous operation at 12.5 Mbps. It will include data from
selected instruments. This service may be momentarily interrupted by the initiation of the DDL
service.

12.4.2.2 Direct Dowrdink Service

The DDL service will provide a scheduled contact operation at a rate of 105 Mbps. It will include
data from ASTER. Operation of DDL or DP precludes operation of the other
exclusive).

12.4.2.3 Direct Playback Service

service (mutually

The DP service will provide a scheduled contact operation at a rate of 150 Mbps or 105 Mbps. It
will include high–rate recorder playback of science data. The 150 Mbps service is exclusive of the
DDL and DB service. The 105 Mbps service is exclusive of the DDL service.

12.5 DAS Requirements/Assumptions

TheDAS provides the capability to transmit real-time science datafkom the EOS Spacecraft directly
to the ground for individual use by the scientific community. It will transmit an X-band downlink
frequency to the designated ground terminals situated in vtious locations around the Earth. The
frequency will be selected to utilize the Earth Exploration Satellite frequency band for space to earth
which spans from 8025 MHz to 8400 MHz. Table XVIII lists the DAS requirements and
assumptions.
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Table XVIII. DAS RequirementdAssumptions

Frequency Band: 8.025 to 8.4 8.025 to 8.4 8.025 to 8.4 8.025 to 8.4
GHz GHz GHz GHz

Service: Direct Broadcast Direct Downlink Direct Playback Direct Playback
(Continuous): (Scheduled): 1 (Backup): 2 (Backup):

Data Rate: 12.5 Mbps 105 Mbps 150 Mbps 105 Mbps

Channel BER: 1X1W5 1X1O-5 1X1O-5 1X1O-5
(less Reed
Solomon)

Assumed Coding: Convolutional Convolutional Convolutional Convolutional
on all services on all services on all services on all services

Margin (Goal): 3 dB 3dB 3dB 3dB

Ground Station
Assumptions:

Antenna Diamete~ 10 meters or 3 10 meters 10 meters 10 meters
meters

Minimum G/’F 32 dB/K or 23 32 dBIK 32 dB/K 32 dBIK
dBIK

Minimum Elevation 5 degrees 5 degrees 5 degrees 5 degrees
Angle:

12.5.1 DAS Operations

The nominal mission operation of the DAS is expected to be with DB service always enabled and
scheduled DDL service. In the event of a catastrophic failure of the primary science data return path
using TDRSS KSA service, the DP 1 service could be used. Operation in this mode will preclude
the use of DDL and DB services. The DP2 lower rate service can be combined with DB service.

12.5.2 DAS Implementation

The key to a simplilled hardware implementation is the allowance for a momentary interruption in
DB service during the reconfiguration for DDL or DP2 service. This allows the DAS to reduce the
design from a multiple frequency system as described in previous studies to a single frequency
system.

llvo data channels can be received from the C&DH subsystem. The data will be convolutionally
encoded by the modulator and then QPSK modulated on an IF frequency. The modulated IF
frequency will then be unconverted by the upconverterand amplfled by the SSPA. The SSPA output
will then drive the Earth coverage antenna which will radiate the signal to the ground stations.
Redundant equipment will be provided as shown in Figure 57.

The RF portion of the DAS system is similar to the Landsat 4 and 5 direct downlink design. QPSK
modulators will be used allowing two separate data channels to be transmitted simultaneously.
When using the normal DB service the 12.5 Mbps data will be transmitted on both data channels
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(I and Q). A normal 1:1 Q:Ipowerratioisbackedup by a41 ratioforcontingency. The contingency
ratio minimize the losses due to the power division between the two channels with only 1 dB
degradation resulting. When DDL service is to be utilized, the data on the Q channel is changed from
the 12.5 Mbps DB data to the 105 Mbps DDL data. This results in a DB user intemuption during
the changeover but equivalent DB service concurrent with the DDL operation. The DDL user will
receive the Q channel for the ASTER data and will also be able to receive the DB data on the I
channel. At the end of the DDL service period the 12.5 Mbps data will be restored on the Q channel.
In a similar manner a lower rate DP service can be combined with the DB semice as desired A
summary of the data rates for each mode is included in Table XIX.

Table XIX. DAS Modulator Modes

Input Data Type Output Data Rate
and (Max. Allowable)

Max. Data Rate (Mbps) (Mbps)

Channel 1

DB
12.5

DB
12.5

DB
12.5

N/A

DB
12.5

N/A

NIA 12.5 12.5

DDL 12.5 105
105

DP1 75 75
150

DP2 12.5 105
105

N/A 75 75

Usage

Real-time Direct Broadcast (DB) of
Low-rate Science Data

(Not simultaneous with DDL or DP)
Samedataon I&Q. 1:1 Q/Iratio

Real-time Direct Broadcast (DB) of
Low-rate Science Data

(Not simultaneous with DDL or DP)
Same data on I & Q. 4:1 Q/I ratio

Real-Time Direct Downlink (DDL)
of High-rate Science Data and DB

(Not Simultaneous with DP)
1:1 I/Q ratio

Direct Playback (DP) for Backup
Science Data Downlink

(Not Simultaneous With DB or
DDL)

1:1 I/Qratio

Direct Playback (DP) for Backup
Science Data Downlink and DB
(Not Simultaneous With DDL)

1:1 I/Q ratiO

Pseudorandom Bit Stream
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13 GROUND SUPPORT EQUIPMENT (GSE)

Electrical and mechanical ground support equipment (EGSE and MGSE) provide functions
required during integration, test, transportation, and launch site activities for the EOS-AM
Spacecraft.

13.1 Electrical Ground Support Equipment Summary

The Electrical Ground Support Equipment (EGSE) is comprised of the Spacecraft Checkout Station
(SCS), Equipment Module Special Test Equipment (EM STE), Propulsion Module (PM) STE,
Spacecraft Interface Simulator (S1S), and Launch Support Equipment (LSE). The major EGSE
systems are of modular design and can accommodate a wide range of hardware and test
configurations. Most of the EGSE systems provide computer+iriven test capability and automated
or computer-assisted test data collection, reduction, summarization, analysis, and display.

The EM STE group is comprised of five different types of test stations for EMs and the PM, as
described in subsequent paragraphs. These stations are computer–based and operate in a
stand-alone configuration to provide the appropriate environment for functional testing of the
particular EM or the PM. The stations may be interfaced to the SCS Test LAN for the purpose of
downloading software or up-loading test data.

13.2 Mechanical Ground Support Equipment (MGSE) Summary

Various mechanical, electromechanical, and pneumatic-mechanical fixtures and equipment are
used to support and manipulate the primary EOS–AM Spacecraft structure, with and without
instruments and/or appendages, and throughout various stages of assembly and test.

Mechanical launch support equipment (LSE) is needed to manipulate the Spacecraft, its appendages,
and instruments for the purpose of establishment of the launch configuration after shipment to the
launch site. Ground transportation futures and containers are also provided to protect and transport
the Spacecraft and its related equipment between the several prelaunch facilities.

Shipping containem are environment< ontrolled enclosures which provide the required protection
for the Spacecraft, unattached units of flight hardware, and support equipment. The protection
provided is appropriate for any combination of highway, rail, sea, and air transportation
environment.

For those instruments using CPHTS coldplates for thermal control, ground support equipment will
be provided to support Spacecraft integration and test. Flight coldplates will include separate
cooling channels, capable of carrying a non-ammonia fluid and being connected to a GSE cooling
system to achieve instrument thermal control for ground tests other than thermal performance tests.
This system would be available for supporting instrument cooling when Spacecraft test orientations
do not allow CPHTS operation in CPL or reflux mode.

Additional air-conditioned cooling capabilities will be provided to support housekeeping bus and
Spacecraft testing in an ambient environment.
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13.2.1 Unique Mechanical Ground Support Equipment

Table XX indicates the necessary mechanical ground support equipment required for Spacecraft
integration, test, shipment, and launch site support. The following descriptions are for major

equipment items which have reached the preliminary design stage.

Table XX. EOS MGSE List

Handling F-es

I’hree-Axis Positioner

Vertical Spacecraft Sling

Horizontal Spacecraft Sling

S/C Aft MAGE Booster Adapter

S/C to Shipping Cntr. Aft Adapter

S/C to Shipping Cntr Fwd. Adapter

Hskp. Equipment Module lift Fixture

Hskp. Eq. Mod. Holding and Assy. Fixt.

S/A Dolly
S/A Installation Sling

Propulsion Module Installation Fixture

Propulsion Module Handling Fixture

Propulsion Module–MGSE Struet. Dummy

Booster Adapter Support Stand
Booster Adapter Lift Fixture

Spacecraft Protective Cover/Soft
Prime Structure Shipping Container

Spacecraft Assy. Shipping container

Reaction Wheel Handling Fixture

Battery Handling Fixture

HGA Handling Fixture

Leak Test Bag

Test F-res

l/C Level Test

Vertieal Test Stand – Acoustic

Horizontal Test Stand – TN

Static Load Test Fixture
Modal Test Fixture
Pyro Shock Fixture
Mass Properties Adapter

)eployment Test

HGA–BoomAirPadmd Support Struet.

HGA–Hinge Twt Fixture

S/A POp and Catch

S/A Hinge ‘lkst Fixture

;omponent Tests

Proof Test Equipment (TM)
Vlb. Plate – Hskp. Equip. Module
Wb. Plate – Black Boxes

r/V Support Equipment

Baffles
Cold Plates
Ilirget Pallet

Cold Plate Supports
Ssu support
Chamber Penetration Plates

DCC061093 120



DN-SE&I-010
10June 1993

13.2.1.1 Spacecraft Three-Axis Positioner

The Three-Axis Positioner, shown in Figure 58, supports the Spacecraft during most phases of
manufacture and Spacecraft level integration and test. The Spacecraft will be attached to the
positioner table top at the booster adapter interface plane. In this configuration, the positioner is
capable of rotating the Spacecmft &360 degrees along the X axis (Spacecraft ccmrdinate system)
and from a horizontal orientation to a vertical orientation (0-90 degrees about the Y axis). The
positioner allows unlimited access to all areas of the Spacecraft except for the Propulsion Module
which is located in the aft bay of the Spacecraft.

Figure 58. Spacecraft on Thre&axis Positioner

13.2.1.2 Mechanical Aerospace Ground Equipment (MAGE) Adapter

The Aft-MAGE Adapter, shown in Figure 59, provides an interface between the Spacecraft booster
interface nodes and the Three-Axis Positioner table top. The adapter will also be capable of
interfacing with all other necessary ground support equipment designed to attach to the aft end of
the Spacecraft. The adapter will allow installation of the Propulsion Module while attached to the
Spacecraft.

13.2.1.3 Horizontal Test Stand

The Horizontal Test Stand (I-ITS), shown in Figure 60, supports the Spacecraft during thermal

4e

vacuum testing. The HTS will be moditled to connect with the Aft-MAGE adapter and to provide
a MAGE transfer ball support at a fonvard support node.
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13.2.1.4 Spacecraft Horizontal Sling

The Spacecraft horizontal sling, shown in Figure 61, provides a means of lifting the Spacecraft in
a horizontal orientation. The UARS “Spacecraft sling” shall be modified to accommodate the EOS
cotilguration. The sling shall incorporate a countenveight and “tumbuckles” for Spacecraft
leveling during all stages of Spacecraft lifting.

Figure 61. Spacecraft Horizontal Sling

13.2.1.5 Transportation Accommodation

The existing Gamma Ray Observatory (GRO) shipping container will be modified to accommodate
the integrated EOS Spacecraft, as shown in Figure 62.

The container will support the Spacecraft in two locations; the booster interface plane and one of
the forward node support points. The existing container trunnion support points (UARS location)
will accommodate a transportation trunnion future which will attach directly to the Aft-MAGE
adapter. The forward portion of the Spacecraft will be supported by using a MAGE transfer ball
support design which helps eliminate loading of the Spacecraft due to container deformation.

The container will provide temperature and humidity control during all stages of transportation. The
transportation design criteria appearing in Table XXI shall be applied to the transportation fixture
design.
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Table XXI. MGSE Design Criteria

Design Condition Dynami; Load Factors of Safety
Factors (G’s)

Y]eld Ultimate

Hoisting

Applied in any direetion 2.5 * 1.6 2.0
within k 10 deg. of vertical

Ikansportation Applied Separately

Incl. truth air, and sea k3.5 * 1.6 2.0
Longitudinal (all)

Vert. (air, air ride trailer, sea) *3.O * 1.6 2.0

Vert. (standard trailer) &6.O* 1.6 2.0

Lateral (truck and air) *2.O * 1.6 2.5

Lateral (sea) &2.5 * 1.6 2.0

Ihnsportation (in house)

Vertical &2.() 2.0 2.5

LateraJ * 1.0 3.0 5.0

Static Fixtures

Vertical ~ 1.25 3.75 6.25

Lateral * ~~ 3.75 6.25

‘ Refl NASA SP–8077, “Transportation and Handling Loads”

13.2.1.6 Propulsion Module Installation Fixture

The propulsion module installation fixture supports the propulsion module in a vertical orientation
during propulsion module installation (see Figure 63). The Spacecraft, also in a vertical orientation,
will be lowered over the Propulsion Module until it rests on the installation fmture, at which time
the propulsion module can be moved into position for attachment to the Spacecraft structure. The
installation fixture utilizes guide rods to ensure Spacecraft to propulsion module alignment during
Spacecraft lowering.

13.2.1.7 Housekeeping Equipment Module Fixtures

Several frames will be used to stiffen individual equipment panels during panel buildup and
equipment module assembly. Each equipment panel will be attached to such a “strongback” and
placed on a turnover cart during equipment integration. Each “strongback” will include lift points
and turnover cart interface trunnions.
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Figure 63. Propulsion Module Installation Fixture (Vertical Installation)

13.3 Spacecraft Cheekout Station (SCS)

The SCS contains the majority of the $paceeraft-level test equipment, and is configured as shown
in Figure 64. The SCS interfaces to the Spacecraft via the test port, solar array connectors, umbilical
connection point, S–band omni antenna connections, high gain antenna connectors or HGA test
connections, DAS antenna connections, and certain EM test connectors. The SCS provides
command, telemetry, and science data handling services. The SCS also provides power to the
Spacecraft dc bus and stimuli to the GN&C sensors. Comprehensive Spacecraft tests are supported
once all EMs are installed.

The SCS computers and associated peripherals ruri suppcm equipment software to operate and
control the SCS and pexform Spacecraft commanding and data collection, reduction, and display.
Most of the microcomputers and associated real-time equipment, along with the station main
computers, are located remotely from the Spacecraft. The computers communicate with each other
via the Ethernet Test LAN, and with the other SCS equipment using various other point-to-point
links.

13.4 Power Equipment Module Speeial Test Equipment (STE)

The power EM STE, as shown in Figure 65, provides for testing of the power regulation and control
electronics and distribution circuits of a Power EM. Equipment is provided to completely test the
functions of each of the two Battery Power Conditioners.
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The power EM STE provides the capability to test the battery 2 panel along with battexy 1normally
resident in the Power EM. A power supply is provided for direct charging of each battery through
the power EM’s umbilical connection path.

Programmable electronic loads are provided for load testing of each of the fused power outputs from
the EM.

13.5 Communications/C&DH Equipment Module Special Test Equipment

The COMM/C&DH EM S’I%,depicted in Figure 66, provides facilities for testing the command,
telemetry, and S-band communications operations of the COMIWC&DH EM. The EM STE
provides for full functional testing of the S-band command uplink, S-band telemetry downlink, and
baseband data processing equipment in the EM.

Under control of the principal computer of the STE, a command message generator delivers data
to either baseband umbilical connections of the EM or to inputs of the S-band upconversion
equipment in the STE. In the case of r.f. command transmission the signal undergoes subsequent
downconversion and processing in the EM under test.

A telemetry message simulator delivers data to the C&T bus inputs of the EM for formatting and
upconversion to S-band. S–band downconversion equipment in the STE subsequently extracts the
simulated telemetry data messages received from the EM. Means are also provided to test the
baseband umbilical telemetry connections.

The principal computer of the STE receives housekeeping telemetry data, inserted by the EM under
test onto the Low Rate Science Buses, and evaluates it for correct format.

Interfaces are provided by the STE to test the Time Mark and Frequency Bus outputs of the EM under
test.

The COMM/C&DH EM STE includes r.f. test equipment which permits the measurement of basic
parameters, such as signal level or frequency, of the S–band r.f. signals into and out of the EM.

13.6 Recorder/DAS EM Special Test Equipment

The recorderjdirect access system (DAS) EM STE provides facilities for testing of the science data
processing equipment, the Solid State Recorder, and the science downlink modulators as shown in
Figure 67. This EM STE also provides facilities for separately testing the DAS EM.

The principal computer of the STE provides interfaces to the redundant MIL-STD-1553B C&T
buses which carry the command and telemetry data tra.fllc into and out of the EM under test.

A data generator simulates high rate instrument science data for processing by the C&DH
subsystem. This data may be routed various ways, including record/playback sequences of the Solid
State Recorder in the Recorder EM. Science data output from the Recorder EM destined for the
K-band downlink is multiplexed into the modulation streams for the K-band Modulator, delivered
from the EM under test at the K–band if., and is then demodulated by STE communications
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equipment. The demodulated and separated high rate science data from the EM is routed back to
the data genemtor for comparison with the data originally sent. Science data output from the
recorder EM destined for the X-band downlink is similarly received at the X-band if., demodulated
by the STE, and routed back to the data generator for comparison with the data originally sent.

A second dedicated microcomputer generates simulated low rate science data for injection into the
recorder EM via the low-rate science bus. This science data is multiplexed into the modulation
streams generated by the EM. Once received by the STE equipment, demodulated, and separated,
the low rate science data from the EM is routed back to this microcomputer for comparison with the
data originally sent.

The recorder/DAS EM STE also contains facilities for testing operation of the X–band upconversion
equipment on the DAS EM. The high rate data generator and X-band modulator of the STE produce
a modulated X–band if. for application to the DAS EM. The X-band output of the EM is
downconverted in the STE to recover the baseband digital data, which is routed back to the data
generator for comparison with the data originzdly sent.

The recorder/DAS EM STE includes r.f. test equipment which permits the measurement of basic
parameters, such as signal level or frequency, of the X-band r.f. signals out of the DAS EM.

13.7 Guidance, Navigation, and Control Equipment Module Special Test Equipment

The GN&C EM STE, shown in Figure 68, provides facilities for testing of the GN&C sensor EM
and reaction wheel assembly (RWA)EM. Test signals are provided to stimulate the various sensors.
Simulated input signals from sources external to the Sensor EM are provided for the attitude control
electronics (ACE) and ACE output signals to destinations external to the sensor EM are received
and processed.

The GN&C EM STE will provide capabilities for initial stand-alone testing of the sensor EM or of
the RWA EM, and wfil also accommodate interconnection of the Sensor EM and RWA EM in a
combined test configuration.

13.8 Propulsion Module Special Test Equipment

The propulsion module STE, shown in Figure 69, will provide dc power and C&T bus interfaces
to the PM. An attitude control electronics (ACE) simulator in the STE will deliver commands to
the propulsion module electronics assembly @WIEA)in the PM via a serial data link. The PM STE
includes capabilities for simulating certain PM components which may not be present in the PM
during initial testing.

13.9 Spacecraft Interface Simulator (S1S)

The S1S is used at the various facilities where EOS Spacecraft instruments are developed to verify
the compatibility of the electrical interfaces between the instrument and the Spacecraft bus. The
electrical interfaces include Spacecraft power simulation, low-rate science bus and high–rate data
link connections, and command and telemetxy services. The S1S is designed for transportability
between Martin Marietta and instrument developer locations.
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The interface cordlguration of the S1Sis shown in Figure 70. Command&Telemetry Interface Unit
(CTIU) and Bus D~_ Unit (BDU) emulation functions are provided. An IEEE-488 bus is available
to interface instrument-speci17c test equipment to the controlling computer of the S1S.

13.10 Launch Support Equipment (LSE)

The Launch Support Equipment (LSE) provides elecrncal power to the Spacecraft through the
umbilical harness during prelaunch checkout. The LSE, shown in Figure71, also includes separate
battery charger power supplies for the Spacecraft batteries and acquisition circuitry for monitoring
critical Spacecraft parameters while on the launch vehicle. The LSE, in close proximity to the
launch vehicle, interfaces command and teleme~ traffic between the Spacecraft and the
remotely–located SCS.
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14 SOFTWARE

The software for the EOS-AM Spacecraft is divided into four different elements: (1) Flight
Software, which executes on–board the Spacecraft providing various services and functions; (2)
GroundSupportEquipmentSoftware, which executes duringthe IntegrationandTest Phase on the
Ground (3) Flight Software Testbed (FSTB), which is the testbed for the Flight Software
development in three functional forms: Software+mly FSTB, which simulate: the Spacecraft in
software, and two HW/SW FSTB configurations (single processor and full-up contlguration),
where partsof the C&DH subsystem are replaced with actual hardware; (4) Operational Support
Software which is comprised of the Spacecraft Analysis System (SAS) and the Spacecraft Simulator
(SSIM).

Table XXII identifies the major elements of EOS Program software and fmware and gives overall
estimates of sizelcomplexity. To ensure flexibilityy of the software in its opetitional environment,
it is constmined as to the percentages of available computing resources which may be utilized. These
utilization limits are listed in Table XXIII, as a function of the stage in the software development
cycle. Utilization limits are increased at the later stages, owing to refined knowledge of antior
conildence in characteristics, such as software size estimates, processor memory and interface
speeds, communications latency, tasking prerequisites, and operating system overhead.

Table XXII. Software Elements Identity and Size

Major End Item Software Lines of Code

Flight Software
and Firmware

Ground Support
Equipment
Software (S/W)

Flight S/W Testbed
Software

Operational
supportSW

Spacecraft Control Computer
Cmd. & Telem. lnterf. Unit

Spacecraft Checkout Station
EM Special Test Equipment
Spacecraft Interface Simulator
GSE Common

Flight S/W Testbed HW Control
Flight SfW Testbed Software

SAS
SSIM

38,450
7,290 45,740 Subtotal

34,400
10,700
8,400

27,500 81,000 Subtotal

8,000
47,729 55,729 Subtotal

46,000
62,729 108,729 Subtotal

Spacecraft Total 291,198
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Table XXIII. Flight Software Maximum Utilization

Flight Software Development Capacity Limitations*

General Computing Processom

PDR CDR FRR Launch

CPU 35% 42.5% 47.5% 50%

I/o 35% 42.5qo 47.5% 50%

IL4M 42% 51% 57% 60%

Note: * Measured as a percentage of the total available resource

lWght Software Development Capacity Lhitations*”

Dedicated Single Function Processors

PDR CDR FRR Launch

CPU 56% 68V0 76% 80%

I/o 56% 68% 76% 80%

RAM 49% 59.5% 66.5% 70%

Note: * Measured as a percentage of the total available resource

14.1 Flight Software

14.1.1 Host Locations

Flight Software will monitor, control, and provide the necessary services and mission support
needed to sustain the Spacecraft throughout its life-span. This software and fmware executes from
three separate processors as shown in the block diagram of the C&DH subsystem in Section 11,
Figure 48.

Heritage fmware is contained in the Attitude Control Electronic (ACE) of the GN&C subsystem.
It is expected that this fumware will require only minor modflcations to support EOS; therefore,
it is not covered in detail.

Most of the high–level software is hosted by the Spacecraft Controls Computer (SCC) units. One
SCC is active at all times, and a second SCC is in a cold, unpowered state. Additional SCC fmware
provides for start-up initialization.

The CommancVTelemetry Interface Unit (CTIU) contains embedded firmware which includes
command uplink processing, 1553B bus interface management and telemetry collection and
formatting.
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14.1.2 Flight Software Layering

The Flight Software Subsystem supports a multilayered architecture,as shown schematically in
Figure 72. Layer 1 is concerned with the hardwareand its electrical characteristics. Layer 2
provides the OperatingSystem, I/O capabilities, and message transfer capabilities, while Layer 3
comprises application programs as required by various Spacecraft subsystem andor instrument
functions.

I 1> \
Application Programs

EEEEEl
User Defined

Ada Run
Ada Run Time

Time System
Extensions

Configuration System Interrupt 1/0 IIException
Table Initialization Service Drivers Routines

Routines A

>

LAYER

3

;

> SOFTWARE

LAYER

2

Micro I/o Other

“ }}

LAYER
PROM RAM

Processor Device
Clock

Peripherals
HARDWARE ,

BASIC CALLS INTERRUPT USER-
SUPPORT DEFINED

EXTENSIONS

Figure 72. Flight Sotlware Layering

14.1.3 Software Language

Most of the software in the SCC and CTIU is implemented in the Ada programming language which
incorporates many beneficial features of modem software engineering technology. Certain
functions on all processors are programmed in assembly language, where performance requirements
so dictate.
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14.1.4 Flight Software Partition

Spacecraft flight software-as software (S/W) and fmnware (F/W)-is disrnbuted among two
components of the C&DH subsystem, as indicated in Table XXII.

SCC resident software determines and controls the Spacecraft’s position, attitude, power
distribution, and thermal loading by issuing commands to the appropriate subsystem equipments via
the CITU over the 1553B Command and Telemetry (C&T) bus.

SCC resident fmware provides bootstrap and self test capabilities. This fmware is procured from
the SCC vendor.

The CT17JFirmware resides in ROM within the CTIU processors.

14.1S Spacecraft Controls Computer (SCC) Software Description and Utilization

The SCC software is partitioned into several software components as described in Table XXIV.

Table XXIV. SCC Software Resource Estimates and Utilization

Lines Memory Required
Function of Code (I(words) InstJsec.

Command, Telemetry, & Control 4,350 54.51 101,257*
Attitude Determination & Control 13,100 95.95 222,345*
Navigation 13,250 126.32 146,285*

TONS 842,105**
EPS/’TCS Software 4,450 32.59 25,714*
SCC OS/Executive 3,300 33.94 88,114*

Totals 38450 343.31 1,425,820
Available (@ 1.5 MIPS and 1 M word) 1OoQ.oo 1,500,000

Margin 656.69 74,180
Percent Utilization 34.0%
Max. Pre-PDR Utilization 42.0%

* Includes the PDR Margin of 35%
**~cludes tie FRR Mar~ti of 47.5% for TONS

The Command, Telemetry, and Control Software provides the Spacecraft command, control, and
SCC telemetry processing functions. These include SCC command validation, distribution, and
execution of stored commands for the Spacecraft and instruments. Telemetry processing includes
data collection within the SCC and transmission to the CTIU for inclusion in the downlink telemetry
stream. This Software also monitom the telemetry smam to perform a Fault Detection, Isolation
and Recovery (FDIR) function, and provides time management.
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The GNkC software is split into two sepamte CSCIS:Navigationand Attitude Determinationand
Control (ADAC). Navigation Software includes TONS and ephemeris calculation. Based on the
GN&C mode control software, the attitude determination software produces the vehicle state vector.
This is used by attitude control, momentum unloading, and propulsive maneuver control software
to obtain and maintain desired attitude and orbit. ADAC software also provides Spacecraft ancillary
data and articulation control for the solar array assembly (SAA), and high-gain antenna (HGA).

Thermal Control subsystem (TCS) software monitors and controls various TCS components.
Electrical Power Subsystem (EPS) software monitors and controls EPS components to maintain
optimal power and efficiency.

The SCC Operating System/Executive, which resides in the flight processor, is composed of a
commercial Ada Run-Time System and custom software to support the SCC environment. This
custom software provides for an executive (e.g., software load function, multi-task scheduling,
synchronization, memory management), mission management function, library and utilities (e.g.,
memory load and dump) and performance monitoring (e.g., built-in-test, activity logs).

14.1.6 Firmware Description and Utilization

CTIU fmware supports the acceptance, decoding and distribution of all uplinked command and
data packets. It implements the bus control interface per MIL-STD-1553B for the Command and
Telemetry Bus. It collects, controls, formats, and routes telemetry as well as making available
telemet~ data to the SCC. It also supports the assignment of control to either SCC or the ACE for
the Spacecraft Safe Mode. Table XXV provides the memory and CPU estimates for the CTIU
Firmware.

Table XXV. CTIU Firmware Estimates and Utilization

Memory k words
Processor Lines ROM RAM RAM Required KIPS

of Code Used Used Avail. InstJsec. Avail

CTIU 7,290 59.5 63.15 192 159,716 750

Percent Utilization 3370 21%

Max Allowed Utilization (pre PDR) 49% 56%

14.2 GSE Software

14.2.1 Spacecraft Checkout Station (SCS) Software

The SCS is controlled by a Test Operator who enters directives at the SCS Work Station. The SCS
operator interface and control software, residing in the SCS computers, processes and ver~les the
directives, and issues commands to the Spacecraft, Housekeeping modules, and SCS Test
Equipment. The SCS software also collects and processes telemetry data returned from the
Spacecraft, Spacecmft buses, and Test Equipment in an open loop. Errors and out-of-limit
conditions in the logged data are flagged for later analysis. Much of the software will be
implemented in the GFE package OASIS supplied by the University of Colorado.
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The SCS software real-time control and monitoring resides in dedicated processors. These
processorsacceptcontrolfrom the SCSmain computers,andreturnequipment statusand otherdata
to them via the SCS Test LAN.

The SCS has four operational modes, to support all phases of Spacecraft integration. The
capabilities supported by the SCS are a function of the operational mode, as indicated in
Table XXVI. The SCS block diagram is shown in Figure 73. The full Spacecraft mode is utilized
during test at the factory and at the launch site.

Table XXVI. SCS Car)abilities

SCS MODE Bus ‘lkaffic SCSiGSE Spacecraft Spacecraft
Telemetry Commanding

Spacecraft Simulation Simulated Yes No No

CTIU Emulation Live Yes Partial Yes

EW1.nstrument Emulation Live Yes Partial Yes

Full Spacecraft Live Yes Yes Yes

~
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Figure 73. SCS Block Diagram
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14.2.2 Spacecraft Interface Simulator (S1S) Software

Like the SCS, the S1S uses test directives to provide capabilities to exercise instrumenttest cases
and selectively activate/deactivateprocessing of telemetry and test equipment data. The S1S test
setup is shown in Figure 74. In addition to the Test Equipment provided with the S1S, the S1S
software also interfaces with the instrument-specific GSE.

f-
tn
0
u)

CONNECTED
ONLY DURING

DEVELOPMENT
(for S1S)

14.2.3 Equipment

—

LASER
PRINTER

COMPUTER

❑ \

Sls &
EM&TE

--ElWORK

STATION

SIS/EM STE

TEST

EQUIP

1
Instrument/

EM

UNDER

TEST

Figure 74. S1S and Generic EM STE Test Setup

Module STE Software

The EM STE uses test directives to support EM unit testing. Unit testing exercises all EM functions
possible prior to the integration on the Spacecraft Checkout Station. The following EM STES are
provided: COMM and C&DH EM STE, the GN&C EM STE, the power EM STE, the recorder EM
STE, and propulsion STE. Equivalent to the S1Sis a generic EM STE containing a computer, various
test equipments, and a connection

14.3 Software Development

14.3.1 Software Development

into the EM; see Figure 74.

Facility (SDF)

The SDF, shown in Figure 75, provides a complete and consistent support environment for the
design, development, verif’’cation,and maintenance of the EOS Spacecraft software and associated
documentation. It employs an integrated hardware-software system, utilizing both commercial and
developmental products. The facility supports workstations for each user, and provides software
tools for requirement analysis, design, implementation, testing, IV&V, configuration management,
and audit.
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hardware is configured around Sun SPARC computers in a host server, workstation
These are augmentedby standard peripherals.

workstations are linked by a Local Area Network (LAN) to the server complex. The
overall SDF Network uses several LANs in a topology which provides all necessary access by
authorized users, but restricts access of some users to some parts of the system.

14.3.2 Flight Software Testbed

The purpose of the Flight Software Testbed (FSTB) is to provide a tool for debug, test and
acceptance of EOS flight software and fmware. The Flight Software Testbed exists in three
forms:; (a) a software-only form in which everything including the 1750A processors (CTIU and
SCC) and subsystem devices (sensors and effecters) are simulated in software, (b) a single processor
hardware configuration and, (c) a full hardwa.dsoftware form in which the 1750A hardware
processors (C’ITU and SCC) communicate with simulated (software) devices (sensors and
effecters). The software-only Testbed executes on the SDF workstations. The hardwardsoftware
Testbed executes on specific SDF workstations which include the special hardware.
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The purpose of the software-only cotilguration is to provide a facility, early in the program to do
initial software development, debug and integration. The purpose of the hardwardsoftware
con.tlgurations is to provide a facility, which operates in realtime on flight equivalent hardware to
conduct acceptance testing of the flight software and fmware. The full hardwardsoftwme testbed,
shown in Figure 76, includes C&DH hardware functionally equivalent to that on the Spacecraft and
simulation software necessary to support its operation. The testbed provides for integration and

testing of key C&DH hardware and softwm before its use in Spacecraft integration and test.

Flight Software is loaded into the testbed’s processors either by upload to RAM, or by insertion of
programmed PROMS. The non–C&DH portions of the Spacecraft me simulated by software in the
Sun computers with I/O interfaces to MIL-STD-1553B buses. The simulation software produces
data simulating typical C&DH inputs and responds to C&DH software-generated outputs in a
closed–loop simulation of the Spacecraft.
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Figure 76. Full HWISW Flight Software Testbed
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14.33 SDF Commercial Software Use

The SDF supportsall phases of the software development life-cycle, using a set of software tools,
as listed in TableXXVII, to do so.

General concept documents are producedusing Interleaf, at the workstationand server level. For
completed documents, a configuration-controlled baseline is maintainedusing InterleafandIngres.
Teamwork is used at this phase to prototype and analyze potential software designs.

Software requirements specitlcations are entered as Teamwork models to allow subsequent
traceability. Requirements are also sorted and searched using the RDD 100 database system.
Interleaf is used for generation of final requhments specillcations.

Software prototyping is begun using the Ada compiler system. Preliminary and detailed design
depend on Teamwork for software modeling and analysis suppt. Models are decomposed into Ada
packages, and Ada PDL is generated using Teamwork/Ada. The Ada compiler system performs
syntax checks on the Ada PDL.

In the implementation phase, code is entered using text editors. Compilation and library
management are petiormed by the Ada compiler system. Developed code is conilguration managed
using CMF.

Table XXVII. SDF Softwa-Development Tools

Tool Purpose Location

Sun UNIX

CMF

Ingres

Ada Compiler System

Interleaf

Teamwork

RDD 100

X.desktop/Motif

175WA Simulator

LOgiscope

LOtUS 1-2-3

PV Wave

Guru Tape

Operating System

Cordiguration Management

Database

Code Compilation,
Library Management, and
Source Level Debugging

Local Document Processing

Design and Analysis

Requirements Traceability

Common User Interface

OpCode Simulator

Metrics

Spreadsheet

Graphic Analysis

Network Backup

All

Host and Server

Host

Host and Workstation
(1750A Target)
Host (SPARC Target)

Workstation

Workstation

Host and Workstation

Workstation

All

All

Workstation

Workstation

Server and Host
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14.4 Operational Support Sofiware

This software is to be developed as part of the Operational Support Sub-element of the project. A
complete description of the functions to be supported is found in Section 17, Ground Systems.
Software will be developed to support two ground system facilities, the Spacecraft Analysis System
(SAS) and the Spacecraft Simulator (SSIM).

14.4.1 Spacecraft Analysis System (SAS)

Software to support the SAS shall be both reused software and newly developed software. The
reused software is from the core of the Spacecraft Checkout Station (SCS). Software from the SCS
will be transported to the SAS as common functions are identi.tied, yet the requirements of the SAS
shall not drive the design of the SCS software. New software will also be developed to fill in the
requirements not satisfied by transporting SCS software. These functions are described in
Section 17.1.

14.4.2 Spacecraft Simulator (SSIM)

Software for the SSIM, like the SAS, will be both reused and newly developed. The reused software
will be the FSTB Software developed originally for flight software testing. This will be augmented
by new software which will repackage the test software for use in operations. This software is then
named Mission and Simulation Software.
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15 INTEGRATION, TEST, AND LAUNCH SITE OPERATIONS

15.1 Spacecraft Verification Process

Verification is the process of tests, analyses, inspections, and demonstrations that, collectively,
determine that performance requirements levied on a product have been met. This process, whose
results are used to ascertain that an item meets applicable functional and performance requirements
and, therefore is flight-worthy, is performed during the development, qualiflca~on, and acceptance
phases of a Spacecraft program. In the process, as illustrated in Figure 77, the performance and
design requirements of an item amused to establish and allocate the verification requirements. The
designated verification methods are then implemented and the results are compared against the
requirements. After this comparison, verification is either confined or the design or manufacturing
process is altered to effect performance compliance with the requirements. ~ such a redesign or
change in manufacturing is made, the item undergoes complete or partial re–veritlcation depending
on where in the cycle the noncompliance occurred.

Verillcation is performed, as a minimum, on the performance requirements allocated to the
component, subsystem, equipment module (EM), Spacecraft bus, and Spacecraft levels of assembly
for flight hardware. Other stages of assembly may require verification of engineering parameters
specified in their drawings or spectilcations. For flight software, vetilcation is performed at the
Computer Software Component (CSC) level prior to integration into the flight code, then at the
Computer Software Configured Item (CSCI) level prior to integration with hardware. Verification
of ground support equipment (GSE) is performed prior to use of the GSE with flight hardware.
Veriilcation of flight support equipment (FSE) is performed in the same manner as for flight
hardware.

In most cases, test and veri.flcation of Spacecraft hardware will be conducted according to the
principles of a Protoflight Test Program. The Protoflight end item or system is designated in advance
to serve both qualification and flight purposes. It is subjected to environmental tests which combine
the requirements of both qualification and flight acceptance testing. Protoflight tests are conducted
at qualification test levels utilizing flight acceptance durations. Protoflight equipment can then be
used for flight without refurbishment.

The Spacecraft veri.flcation process, shown in Figure 78, begins at the component qualillcation level
and extends through Spacecraft ground system end-t~nd verification. Individual components,
equipment modules, major assemblies, and instruments are qualifkd prior to Spacecraft integration.
Subsystem and system–level intetiace verification and performance verification are accomplished
at the Spacecraft level, aided by the modular design of the EOS–AM Spacecraft.

15.2 I&T Overview

The I&T organization has the responsibility for all aspects of assembly, integration and test of flight
hardware above the component level. This includes test planning and scheduling, definition of
requirements for MGSE and EGSE, facilities planning, review of designs for producibility and
testability, support of test plan generation, generation of test procedures and performing hardware
assembly, integration and test.
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15.2.1 I&T Planning

Planning of I&T activities begins in the early phases of the Spacecraft design process. I&T is an
integral member of the concurrent engineering product teams. Product teams provide a systematic
and concurrent approach to the development of the design, manufacture, test and integration of the
EOS-AM hardware. I&T support of product teams and design reviews promotes incorporation of
producibility and testability within the flight hardwzm designs. Development of test requirements
and test plans, in the beginning phases of the program, is another significant benefit of the concurrent
engineering effort.

Early involvement with the instrument providers is one of the primary focuses of the early I&T
effort. Establishing a mutual understanding of the requirements for delivery of the instruments,
integration to the Spacecraft and testing at the Spacecraft level is essential for a timely, successful
completion of these tasks. Instrument accommodation colloquiums will be held on a regular basis
to develop the requirements. Development of the mechanical integration requirements will identify,
among other things, alignment procedures, facility requirements, contamination control procedures
and special constraints. Similarly, electrical requirements development will establish test
philosophies and formats, EGSE and IGSE requirements, and any special test constraints.

Assembly planning is a significant part of the pre-hardware I&T effort. This effort concentrates
on the development of an assembly flow plan for the Spacecraft and its major assemblies. These
plans are developed with consideration for ease of assembly, facility constraints, optical alignment
requirements, accessibility, cost effectiveness and operator safety. I&T will also develop
requirements for the MGSE necessaxy to support the assembly and testing processes. This is
followed by detailed assembly planning and procedure development. Details of Spacecraft
assembly are documented in the EOS–AM Spacecraft Assembly Plan and Integration Procedures
and Records (IPR).

Test planning is another large part of the pre–hardware I&T effort. The test requirements developed
through the product teams and instrument accommodation colloquiums are the foundation for the
test plans. Through the development of the test plans, facility and ground support equipment
requirements are identified. I&T is actively involved in the generation of the support equipment
speci.llcations to assure proper form, fit and function. Timely, accurate definition of support
equipment requirements is critical as test and integration procedures are dependent on them.
Consequent y, the test and integration procedures are developed after support equipment definition.
Details of Spacecraft testing are documented in the EOS–AM Subsystem and Spacecraft Test Plan.

15.2.2 Levels of Testing

The flight hardware test verification program incorporates test activities at the three major levels
of assembly: Component, Equipment Module and Spacecraft. Collectively, the test results from
each level provides vetilcation, to the extent possible by testing, that the flight hardware meets
design and performance requirements.
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The most extensive performance and environmental testing is performed at the component level.
This is due mainly to the greater testability afforded by the direct access to box interfaces and test
connectors. Performance is evaluated while exercising the component through its entire elecrncal
and environmental test ranges. Component testing provides the earliest risk retirement. Detailed
definition of component testing is described in the component test plans and procedures.

Equipment mcxiule testing focuses primarily on the integration of the components within an EM and
the functional vetilcation of the fully assembled EM. Interface compatibility is vetiled throughout
the build up of the EM. A series of open circuit and mated circuit electrical tests are performed,
during the integration of each component, to verify each intetiace. After the EM is fully assembled,
a performance test is performed to demonstmte functionality and self compatibility of the
components within the EM. Detailed definition of EM testing is described in the EM test plans and
procedures.

Spacecraft testing vefiles the interface compatibility of the EMs and instruments, evaluates the
functional performance of each of the Spacecraft subsystems and instruments, demonstrates
subsystem.hstrument self<ompatibility, and veriiles Spacecraft performance in simulated mission
environments. Detailed definition of subsystem and Spacecraft testis described in the EOS-AM
Subsystem and Spacecraft Test Plan, Figure 79 shows how the assembly and vetilcation processes
and their related documentation overlap during the I&T program.

15.3 Equipment Module Integration and Test

Equipment module integration and test will be performed by the I&T organization. EM I&T
provides risk mitigation through parallel activities and interface vertilcation prior to Spacecraft
integration. Additional benefits of the EM I&T approach is the validation of the command and
telemetry database and data displays, and the familiarization with EM hardware and test routines
prior to Spacecraft testing.

Figure 80 illustrates the typical equipment module assembly and test flow. Assembly and test of
the EMs will be performed in parallel and independent of each other. Each EM will have a dedicated
equipment module special test equipment (EM STE) test station to perform all of its electrical
testing.

The assembly of the EMs will begin with the installation of flight equipment onto the individual
panels which make up a medule. Powered and unpowered open circuit tests will be performed to
verify a safe to mate condition before any mating occurs. When all of the equipment panels for a
particular EM have been assembled, the electrical integration of the EM will begin. The individual
EM panels will be connected to each other with test harnesses if the flight harness does not allow
this connection with the panels disassembled. A functional test will be performed with the panels
electrically connected. After completion of the functional test, the EM panels will be assembled
together to create the module assembly.

Performance and environmental testing is performed with the EM in the fully assembled
cotilgumtion. Performance tests will be performed before and after environmental testing.
Environmental testing is performed to verify workmanship and consists of three-axis sine vibration,
acoustics and thermal cycling. Mass properties measurements will be made just prior to Spacecraft
integration.
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15.4 Spacecraft. Integration

15.4.1 Mechanical Integration

Integration of the Spacecraft will begin with the delivery of the core structure assembly to I&T. The
assembly of the Spacecraft is a multi-phased activity where groups of related hardware are
integrated with the core structure assembly. This hardware consists mainly of the Electrical
Accommodation Subsystem (harnesses), Propulsion Module, Solar Amy, HGA boom and
deployment equipment, Equipment Modules, Thermal Control Subsystem and structure mounted
components. The Spacecraft integration flow is shown in Figu~ 81.

The fust group of components to be integrated with the core structure is associated with the EAS.
Following the assembly of the EAS hardware on the core smucture, the quali.tied Propulsion Module
will.@ integrated. The Equipment Modules will be integrated to the Spacecraft next. As each EM
is installed any related structure mounted components will also be installed and electrically
integrated to simplify the electrical integration of each subsystem. This is depicted in the Spacecraft
integration flow. Installation and checkout of the CPHTS assemblies will be performed next. The
HGA assembly and the solar array assembly will be installed for a fit check to verify all mechanical
interfaces and then will be removed. Final installation of these assemblies is accomplished during
the Spacecraft test flow just prior to the Spacecraft acoustics test. At this point, the instruments will
be installed. This completes the assembly activities associated with the Spacecraft integration flow.

There are several mechanical integration activities which will take place as part of the Spacecraft
test flow shown in Figure 82. The first activity will be the installation of MM (thermal blankets)
and other flight thermal control hardware prior to the Spacecraft thermal vacuum test. The HGA
and Solar Array assemblies will be installed prior to the Spacecraft acoustics test. The final
mechanical assembly activity during the test flow will be the installation of the flight batteries prior
to the last Spacecraft comprehensive performance test and the shipment of the Spacecraft.

15.4.2 Electrical Integration

Spacecraft electrical integration is an iterative process in which individual EMs are electrically
veri.tied immediately following their mechanical integration to the Spacecraft structure. The EM
integration sequence provides for development of the critical bus resources necessary for the
integration of the subsequent EMs, Electrical integration will verify performance of the Spacecraft
bus, including flight software, prior to instrument integration.

Following mechanical integration of an EM, a series of open circuit tests will be performed to verify
a safe to mate condition before mating the core harnesses to the EM. A functional test is then
performed to demonstrate proper operation of the EM. The Power and C&DH/COMM EMs will
be the fwst integrated to provide the necessary power, command and telemetry functions required
for integration and operation of the remaining EMs. The Flight Software Interface Veritlcat.ion test
will be performed after all the EMs have been integrated and vetiled. This test verifies flight
software interfaces with the flight hardware. A comprehensive performance testis performed as the
final evaluation of the Spacecraft bus prior to instrument integration. Electrical testing during

DCC061093 156



DN-SE&I-010
10June 1993

=S STE

r%

Scs

FROM ~~ INSTALL AND
STRUCTURE + EASfSMS ● PROPULSION
TEST FLOW

r.
HARDWARE r .

MODULE POWER EQUIF

EPRIMARY STRUCTUR@ L PROPULSION
t

PMAD EM
HARNESS MODULE BAITERY PANEL
ASSORTED HARDWARE

Scs

D-L INSTALL AND
CHECK OUT
C&DH/COMM

EM, BDUS

C&DH/COMM EM

.=~-~

REC EM
L BDUS

Scs 1 Scsl Scs 1
-1

INSTALL AND INSTALL AND INSTALL AND

CHECK OUT CHECK OUT . ~ CHECK OUT

— GN&C, RWA EM DAS PANEL CPHTS 7

- GN&C SENSOR EM DAS PANEL CPHTS
- RWA E?vf
- MTRs
— ESA

Scs

CT ~s : ‘J

Scs

ELECTRICALLY SPACECRA~ BU
FIT CHECK

INTEGRATE FUNCTIONAL
AND

HIGH GAIN ANT TEST
FUNCTIONAL

TEST
HGA

Scs ALIGNMENT HGA ASSEMBLY S/A
MAGNETICS _ ASSEMBLY

FLIGHT SOFIWARE
CHECK

FROM INSTRUMENT
DELIVERED TO l&T

I

PRE-INTEGRATION
ACTIVl~ FLOW

*

FLIGHT SPACECRAFT BUS

“D

INSTRUMENT
SO FIWARE ~ COMPREHENSIVE MECHANICAL &
INTERFACE PERFORMANCE ELECTRICAL

TEST INTEGRATION

Scs FSW l/F VERIF Scs

EOC DATA FLOW ‘“ lGSE

*

**

INSTRUMENT INSTRUMENT SPACECRAFT

FUNCTIONAL j AMBlENT COMPREHENSIVE
TO

TEST TCS PERF PERFORMANCE
+ SPACECRAFT

TEST TEST
TEST FLOW

Scs
IGSE Scs Scs — FSW l/F VERIFICATION

PRIMARY STRUCTURE MODAL IGSE IGSE — MAGNETICS CHECK

AND STATIC TESTED — EOC DATA FLOW””

VIA ECOM

Figure 81. Spacecraft Integration Flow

157 DCCO61O93



FROM
SPACECRA17
INTEGRATION

FLOW

SPACECRAFT THERMAL
● ●

THERMAL
MOVE TO

COMPATIBILITY BIANKET EMC TEST ~ VAC PREP ~
35 TN

TEST rlNST1 CHAMBER
7

Scs — — POWER PROFILE
TAP Scs — ALIVENESS

IGSE — — RADIATED EMISSIONS
METS

— TRANSIENT TOLERANCE IGSE
CTV — — SIMUIATED ORBITS — RF COMPATIBILITY

TDRSS —
— S/C-CTV RF COMPAT TEST
~ TDRSS DATA FLOW

THERMAL VACUUM,
BALANCE,

m

MOVE TO
CYCLING BAY 8

METS

r 1

-mINSTALL SPACECRAFT ALIGNMENT
DEPLOYMENT

HGA AND FUNCTIONAL + VERIFICATION -
VERIFICATION

SIA ASSEMBLY TEST (GAS FIRED)

TAP
TAP ROTARY TAP

HGA ASSEMBLYI::: TABLE Scs

t
S/A ASSEMBLY ‘--k
SIA CSS

# 4 t f -1

L INSTALL ELV
MOVE TO

ACOUSTIC b
MOVE TO

SPACECRAFT

ADAPTER
ACOUSTIC

TEST BAY 8
FUNCTIONAL

CHAMBER TEST

TEST FIXTURE
TEST FIXTURE - ALIVENESS (PRE & POST) TE~T FIXTURE TAP-
FLTADAPTOR- IAUNCH MODE scs—

--- lf2cc-%[~..-

L
IUUL

PYRO SHOCK PYRO SHOCK
TEST TEST

DEPLOYMENT REMOVE

PART 1 PART 2
- VERIFICATION 4 SIA

+=7
TEST FIXTURE— TAP— TAP
FLT ADAPTOR—

TAP ROTARY

scs-
TABLE

Crcd
““”

f

Figure 82. Spacecraft Test Flow



DN-SE8LI41O
10June 1993

Spacecraft integration is performed using the Spacecraft Checkout Station. Testing during
Spacecraftintegrationprovides,in additionto increasedcotildence in the bushardware,validation
of the proceduresand databaseto be used during Spacecraft testing.

15.4.3 Instrument Integration

The instrument integration process is divided into three phases of activities: pre-delivery,
pre-integration and integration. Each phase will be planned in detail through the Instrument
Accommodation Colloquiums. These working group meetings will be attended by MMC, GSFC
and instrument provider representatives.

The pre~elivery activities focus primarily on the fabrication and deliveg (to the instrument
providers) of the instrument drill/alignment fixtms, test coldplate drill templates, test coldplates,
test kinematic mounts and test harnesses. MMC will fabricate and deliver a drillh.lignment f~tu~
to iristrument providers for instruments that are optically aligned. This future will provide a
common tool for high accuracy placement of mounting holes on both the instrument and Spacecraft
sides of the interface. The IPs will use the f~ture to establish the hole pattern on the instrument.

MMC will fabricate and deliver a coldplate drill template to the ASTER and MOPITT IPs. This
template will provide a common tool for the coordination and placement of a hole pattern on both
the instrument and Spacecraft sides of the interface for the CPHTS coldplate. The IPs will use the
template to establish the hole pattern on their instrument baseplate. MMC will also deliver test
coldplate assemblies to these IPs for thermal control purposes during instrument testing.

MMC will deliver test kinematic mounts to the IPs for use during instrument testing. Finally,
flight-like test harnesses will be delivered to ASTER to support pre-integration instrument testing.

Pre-integration activities include receipt and inspection of the instrument and IGSE, acceptance
testing and preparation for Spacecraft integration. The receiving and inspection process officially
records the arrival of the hardware at MMC and verilles that the instrument and IGSE were not
visibly damaged during shipment. Bench Acceptance Testing (BAT) verfles the instrument is
performing properly and is ready for integration. Preparations for integration include any
mod~lcations to the instrument configuration that are required to prepare it for installation on the
Spacecraft.

All Spacecraft accommodation equipment speci.tlc to an instrument will be installed prior to the
mechanical integration of that instrument. Following mechanical integration, the instrument will
be aligned to the Spacecraft. This is followed by coldplate integration for MOPI’IT and ASTER.

Electrical integration will immediately follow the mechanical integration of an inslmment.
Electrical integration consists of a series of tests that ensure compatibility of all electrical
Spacecraft-to-instrument interfaces and to demonstrate the proper operation of the instrument once
it has been fully integmted. Electrical integration is performed in three steps. The fmt step is an
open circuit vertilcation to ensure a safe to mate condition. The second step is a mated test to verify
proper response to power and commands. The third step is a functional test to verify proper
operation of all command, data and power paths for both primary and redundant hardware.
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15.5 Spacecraft Test

Spacecraft testing demonstrates interface compatibility, veriiles functional performance of
subsystems and instruments, characterizes Spacecraft self compatibility, demonstrates
compatibility with ground and space networks, and evaluates Spacecraft performance in simulated
mission environments.

The Spacecraft CompmhensivePerformance Test (CPT) is a detailed vetilcation that the Spacecraft
and subsystems meet performance requirements, in all operational and contingency modes, to the
extent these requirements are testable. The CPT is repeated throughout I&T and will be the primary
means by which the Spacecraft’s performance is trended during I&T. At a minimum, the CPT will
be performed after instrument integration, during thermal vacuum testing, after environmental
testing, just prior to shipment to the launch site, and at the launch site.

Compatibility testing includes self compatibility and Spacecraft-t-network compatibility tests.
Self compatibility is characterized through conducted emissions tests, radiated emissions and orbital
simulation tests. Conducted emissions tests characterize the effects, on Spacecraft performance, of
power bus transients and component “noisy modes”. Radiated emissions tests measure worst case
unintentional electromagnetic radiation emanating from the Spacecraft. Orbit simulations
demonstrate the ability of all Spacecraft elements to operate in science mode during a simulated
mission orbit. Spacecraft-to-network compatibility tests, utilizing the Compatibility Test Van
(CTV), verify RF compatibility between the EOS-AM Spacecraft, space network, and the ground
network.

Spacecraft level environmental testing includes thermal vacuum, acoustic, and pyro shock
environments. Thermal vacuum testing verifies the capability of the Spacecraft to meet
performance specillcations while subjected to predicted nominal and worst case operating
conditions. The CPT will be performed during the thermal vacuum test to evaluate Spacecraft
performance. Further self compatibility characterization, through orbital simulations, will occur
during this test. Performance of the thermal control hardware ahd accuracy of analytical models will
be evaluated during the thermal balance test which is performed as part of the thermal vacuum test.

The acoustic test exposes the Spacecraft to the predicted dynamic launch environment. With the
Spacecraft in the launch conilguration, telemetry is monitomd throughout the test for any
unexpected occurrences. An aliveness test will be performed before and after the test to verify no
degradation to the Spacecraft has oecumxi.

Flight like pyro assemblies will be installed and f~ed for pyro shock testing. Shock response will
be recorded and telemetry monitored for unexpected occurrences during the ftigs. Solar Array
and HGA deployments will be performed before and after environmental testing to verify no
degradation of performance has occurred due to the induced environments. Alignment vefilcation
will also occur before and tier environmental testing to characterize environmental effects.

After environmental testing and prior to shipping, flight batteries installation, a pre-ship CPT, and
final mass properties will be performed.
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15.6 Environmental Test Facilities

Integration and environmental exposure facilities, shown in Figure 83, are conveniently collocated
to enhance the veri.tlcation process without excessive handling of the flight equipment. The
Spacecraft hardware will be integrated and tested in Integration Bay 8. The SCS and IGSE will be
lccated on the fourth floor, which overlooks Bay 8. The instrument Bench Acceptance Test (BAT)
area is located next to the thermal vacuum chamber.

15.7 Spacecraft Transportation

The Spacecraft will be shipped to the launch site in the GRO (Gamma Ray Observatory) shipping
container

a. The container (with its environmental control system and transport trailer) will be flown
to McGuire Air Force Base, and driven overland to East Windsor, New Jersey.

b. In a clean and protected area, the Spacecraft will be loaded into the GRO container, and
p~pared for transpcm.

c. The loaded container and support equipment will be driven overland to McGuire Air
Force Base, and loaded into a NASA provided aircraft.

d. The Spacecraft and equipment will be flown to Vandenberg Air Force Base, and
transported by land to the NASA Building 1610 for post-ship processing.

e. After completion of post–ship processing, the Spacecraft will be encapsulated in the
Launch Vehicle fairing and transported to the SLC–3 for pm–launch processing. The
encapsulated Spacecraft will be transported to the SLC-3 MST by a ground transport
vehicle to be provided by the Launch Vehicle Contractor.

15.8 Launch Site Operations

Launch site activities include post shipment processing, fueling and final preparations and
veriilcation for launch. The SCS will be located in Building 836. The Spacecraft will be tested,
fueled, and encapsulated in a new Building1610 facility. Figure 84 illustrates the launch site flow.

Upon arrival at the launch site, the Spacecraft will be inspected and a propulsion system leak check
will be performed.

Flight battery charging will commence following the leak check. After completion of battery
charging, a comprehensive performance test will be performed to verify the Spacecraft survived
transportation. The test will be a repeat of the CPT performed during Spacecraft I&T except where
restricted by Spacecraft configuration. Review and analysis of the test data will occur, at the launch
site, immediate y following testing.

After performance testing is completed, the Spacecraft will undergo a final inspection and any
mechanical closeouts that may be required (e.g., final arrangement of blankets, removal of
red-tagged items, etc.). All non–flight items on the Spacecraft will be red-tagged to ensure removal
prior to launch. The propulsion module will then be serviced with propellant and the Spacecraft will
be installed into the launch vehicle fairing. The encapsulated Spacecraft will then be transported to
the SLC-3 facility and mated to the booster.
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Following the mate to the launch vehicle, the batteries will be charged. A composite electrical
readiness test is petiormed to verify the Spacecraft and launch vehicle common interfaces and self
compatibility between the two systems. A Spacecraft bus functional test and instrument aliveness
test will then be performed to validate the command and telemetry links and to verify no damage
to the Spacecraft occumed during the move to the pad. A launch day dress rehearsal will be
performed to demonstrate launch readiness of the flight vehicle system and launch support
organizations.
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16 OPERATIONS

16.1 Mission Operations Phases

A wide variety of operations are required during various stages of the EOS–AM mission. The
oprations can also be described in terms of four operations phases, which are:

Operations Preparation: Includes concept development, operations plan development,
operations requirements development, procedure development,
and facilities capability development.

Ope~tions Readiness: Includes staffiig of facilities, operator training, readiness tests,
launch simulations, and other prelaunch operations.

Operational Initialization: Covers post-launch activation and checkout of Spacecraft
systems and instruments.

Mature Operations: Covers continuous Spacecraft control, Spacecraft engineering,
and instruments operation.

16.2 Launch Ascent

Table XXVIII summarizes the timeline of significant events in the launch/ascent and orbit
acquisition initialization phases.

The entry into Launch/Ascent Mission Phase is marked by the transition of Spacecraft systems from
the Ground Test Mode to the Launch/Ascent Mode. The Launch/Ascent Mode is a lower power
mode used to monitor the launch/ascent, and to ready Spacecraft systems for orbit injection. The
Spacecraft operates on internal battery power and only those components essential for monitoring
and transmitting Spacecraft health data, maintaining Spacecraft survival, and required for Earth
acquisition maneuver, are powered at this time. ~pically, instruments will be configured “OFF,”
with survival heaters enabled.

Entry into the Launch/Ascent Mode (from Ground Test Mode) will beat approximately five minutes
prior to liftoff. Should the launch be aborted or delayed, the Spacecraft will be commanded back
to Ground Test Mode, and power switched to external ground supplies.

A series of pre–programmed Spacecraft activities will occur, with no ground commanding, prior to
the transition of the Spacecraft from the Launch/Ascent to the Orbit Acquisition Initialization Phase
in which the Launch/Ascent Mode remains the primary system mode. Under normal circumstances,
the Spacecmft will autonomously transition following separation of the Spacecraft from the launch
vehicle.
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Table XXVIII. EOS-AM Launch Ascent/Acquisition Timeline

EVENT TIME REFERENCE

Go to Internal Power b5 G

Disconnect T-O Umbilical bTBD G+TBD

Ignite Stage Oand Liftoff (L) L G+5 min

Separate Solid Rocket Motors L+3 G+8 min

Separate Fairing L+4 G+9 min

Separate LV/Spacecraft L+15 G+20 tin s

Begin Attitude Rate Null G+20 s
Complete Attitude Rate Null G+30 S+lo

Begin Solar Array Deployment G+30 S+lo

Complete Solar Array Deployment G+50 S+30

Begin Earth Acquisition (roll, pitch & yaw) G+50 S+30

Enter Eclipse G+55 S+35

Pass First Apogee G+65 S+45

Complete Earth Acquisition (roll, pitch and yaw) G+65 S+45

Begin Slewing Solar Array G+65 S+45

Exit Eclipse G+80 S+60

Solar Array Tracks the Sun G+80 S+60

Automatic Heater Turn On Various various

Pass First Perigee (300 km) G+11O S+90

Receive Coarse Orbit Determination from Ground G+11O S+90

First Delta–V Bum at Third Apogee G+245 S+225

Note: This timeline will be updated to reflect a separation
altitude of 550 km.
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16.3 EOS Flight Operations

The activities for performing various operational functions in support of EOS-AM flight operations
are as follows:

16.3.1 Planning and Scheduling

Planning and scheduling has the objective of producing a detailed schedule for the activities of the
EOS–AM Spacecraft (Spacecraft Bus and AM Instrument Set). The Flight Planning and Scheduling
Group (FPSG), a segment of the Flight Operations Team (FOT), will produce the integrated
Spacecraft detailed activity schedule. The planning and scheduling process includes the following
three steps:

a.

b.

c.

A long-term mission planning phase

Long-term mission planning for the Spacecraft begins up to five years before the
activities being planned, and produces or updates the Long-Term Science Plan (LTSP)
and Long-Term Instrument Plans (I-TIPs)

An initial scheduling phase

Initial scheduling, whose primary objective is to secure the Space Network TDRSS
contacts for flight operations for the target week, begins about three weeks before the
target week.

A final scheduling phase

Final scheduling produces a detailed activity schedule for the Spacecraft Bus and the
instruments. This schedule forms a basis for building the stored command load and for
real-time commanding of the Spacecraft. Targets of Opportunity or anomalies may
interrupt the scheduled operations, requiring rapid rescheduling or the generation of
commands for unscheduled activities.

The science community and the FOT will integrate science and Spacecraft information in the
planning and scheduling process.

x IENCE COMMUNITY I
I

1 1

InvestigatorWorkingGroup I
ProjectScientist 4 ●

I

Flight (%erations Team

FlightPlanningandSchedulingGroup I

On-lineOperationsTeams(s)

Off-lineEngineeringGroup

The Planning and Scheduling flow is depicted in Figure 85, and Flight Operations Manning is
shown in Figure 86.
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16.3.2 Long Term Planning

The project scientist produces, working with the Investigator Working Group (IWG), a long–term
science plan (LTSP) for the Spacecraft. The PI#I’Ls or ICC/TL produce long term instrument plans
(HIRs) for their respective instruments. The FOT uses these long–term plans to develop a
long-term Spacecmft operations plan.

The IWG recommends guidelines, and overall science objectives for the Spacecraft to the Project
Scientist, who defines policy. The IWG has representatives from each of the instruments. The IWG
meets regularly, at least every six months (usually every three months). The LTSP presents science
objectives for the Spacecraft, establishes science mission priorities to be used in later scheduling,
and recommends approaches for satisfying scientilc objectives. The LTSP also defines special
events and specfles requirements for coordination between instruments.

The Instrument PI/TL or ICC/TL will produce the Instrument LTIP. The LTIP includes information
on science priorities and long term goals for data collection. The Instrument LTIP also contains
planned routine background operations for ongoing observations or operations that are related to
routine calibration and maintenance activities.

The FPSG will provide Spacecraft planning and scheduling. The FPSG formulates long-term
Spacecraft operations plans and keeps the IWG and the Instrument PI/TL or ICC informed of
changes in Spacecraft operations, including predictions as to which, and how often, science
operations will be affected by maintenance.

The long term planning information in the EOC is available to all Instrument PI/TLs and ICC to
support pkmning and scheduling. This information includes the LTSP, the LTIPs of all of the
instruments, predicted orbit information, planned Spacecraft events, and the operations plans of
other instruments.

16.3.3 Initial Scheduling

Initial scheduling has the objectives of securing the required Space Network (SN) resources from
the NCC. The FPSG identiiles the SN resources required for Spacecraft Bus subsystem operations
(e.g., TONS operations, orbit adjustment operations). Based on the baseline activity profdes,
instrument activity lists, the initial schedule of ASTER activities, and activity deviation lists (if any)
for the instruments, and the SN resource needs for the Spacecraft Bus subsystems, the EOC FPSG
estimates on–board Solid State Recorder usage and SN resource needs and develops a TDRSS
schedule request. The FPSG sends the schedule request to the NCC and negotiates with the NCC
as necessary to secure the best possible SN resource allocations.

On the basis of the TDRSS schedule, the Spacecraft Bus and instrument activities required, the
FPSG develops a preliminary Spacecmft activity schedule, which it makes available to all
instruments. The Instrument Pm (via the ISTS)and ICC will have access to available scheduling
information. This global information includes the plans (e.g., LTSP, LTIPs, and long–term
Spacecmft operations plan), orbit information (e.g., scheduling aids from the 13DF), a TDRSS
schedule for the target week, and the preliminruy Spacecraft activity schedule.
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The Instrument PI/TL expresses changes of scheduling needs with operations requests, which
contain activity deviation lists (ASTER ICC), and provides them to the FPSG. The Spacecraft Bus
subsystems will undergo initial scheduling. From the long-term Spacecraft operations plan, the
FPSG identiiles the activities that the subsystems must perform during the target week. Based on
these activities, the FPSG generates an initial activity profde. The FPSG uses the activity profde
to identify the Spacecraft Bus subsystems SN resource needs.

After validation of the activity profde, the FPSG generates a TDRSS schedule request and sends it
to the NCC, about two weeks before the target week. For about a week after the submission of this
TDRSS schedule request, the FPSG can negotiate with the NCC for the best SN resource allocations.
A week before the target week, the NCC provides the active TDRSS schedule to the FPSG. Based
on the TDRSS schedule and other resource profdes, the FPSG builds a preliminary Spacecraft
activity schedule for the target week.

16.314 Daily Planning and Scheduling

The FPSG will provide overall coordination of daily Spacecraft operations planning and scheduling
activities. The Instrument PI/TL and ICC will review the daily Spacecraft operations plan. The
ASTER ICC will schedule the ASTER activities consistent with the Spacecraft schedule.

Final scheduling has the objective of producing a detailed activity schedule on which commanding
will be based. Final scheduling is based on the preliminary activity schedule and any new input that
has been accepted since the preliminary activity schedule was developed.

The ASTER ICC may modify the initial ASTER activity schedule as long as the new schedule of
activities fits within the data storage capacity allocated by the FPSG during initial scheduling. The
ASTER ICC submits the final activity schedule to the FPSG for each day about three days ahead
of the execution of the scheduled activities.

For other instruments, the FPSG combines the activity deviation lists, if any, with corresponding
baseline activity profiles to produce instrument activity lists. The FPSG develops the Spacecraft
subsystem activity list. The FPSG combines the Spacecraft subsystem activity list, and all of the
instrument activity lists into a detailed activity schedule.

The FPSG can normally perfoxm final scheduling without any input from the Instrument 1ST. As
in initial scheduling, the Instrument PI/TL or ICC can access scheduling information.

16.3.5 Planning Aids

Planning aids (such as predicted orbit data and TDRS risibilities) which pertain to long-term and
daily flight planning activities will be generated by the EOC and FDF, and will be available to the
FPSG, the Instrument PUTLS, and the ASTER ICC.

16.4 Uplink Generation

The uplink generation process translates the Spacecraft detailed activity schedule, instrument
microprocessor loads, and other information to be stored onboard into Spacecraft command loads
ready for uplink transmission. The Instrument PUTLS or ICC are responsible for specifying
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commands which are used to implement planned instrument operations. The ASTER ICC submits
commands in mnemonic form to the FPSG about two days ahead of their execution. The FPSG
will generate all Instrument control sequences which are used to implement planned instrument
operations. The FPSG will also generate control sequences which are used to implement planned
Spacecraft Bus operations. The Instrument PI/TLs and ICC will ensure that the Instrument
commands in the command database are current and comet.

The Instmment PI/TLs and ICC will define Instrument constraint checks, constraint violation
resolution ground rules, and perform checks on any necessary Instrument microprocessor load
sequences.

The FPSG will coordinate the processing of Spacecraft and instrument operating schedules into
uplink loads. Normally, commands for a day’s operation are loaded once per day. In the event that
the load of stored commands exceeds the onboard capacity, the days commands will be split into two
or more loads.

Spacecraft commanding (real-time uplink commands, realtime microprocessor loads to the
instruments, real-time commands to the SCC, and stored SCC commands) has the purpose of
directing the Spacecraft and instruments to perform the activities as scheduled or as needed. This
function has the following three major activities:

a. Normal commanding, which implements the Spacecraft Bus and instrument activities
that have been speci.tied in the Spacecraft detailed activity schedule.

b. Implementation of late changes to the scheduled course of activities as necessitated by
late changes to the Spacecraft detailed activity schedule.

c. Emergency/contingency commanding required for safe operations of the Spacecraft Bus
and instruments

Command associated activities also involve command data validation, command veri.iication,
onboard memory management, and command history maintenance.

Stored SCC commands generated for Instruments are typically composed of absolute time
commands and Relative Command Sequence (RTS) commands. An absolute time command has
associated with it a well-defined execution time. An RTS is a group of commands that can be
initiated by an absolute time command, onboard fault management, or a real-time command. The
use of RTSS can reduce the amount of stored command memory required for normal operations.

The FOT will uplink scheduled command loads and provide conflation (if necessary) that the load
is successful.

The FOT will uplink Instrument commands as part of the Stored Command Table load or as a Table
load to the Instrument. A PI/TL or ICC may aiso request the FOT to initiate real-time commands.
The FOT is responsible for generating, validating, and maintaining the command data for the
Spacecraft Bus subsystems. The SCC softwwe is the responsibility of the Spacecraft Bus contractor.
The FDF provides the FPSG with required parameters for TONS operations and orbit adjustment
operations. The FTSG incorporates the appropriate parameters into SCC-stored commands and
SCC–stored Spacecraft tables.
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16.5 Real-Time Operations

The Flight Operations Team is responsible for all aspects of ~al-time contact with the Spacecraft.
The FOT, using EOC resources, will perform processing real-time telemeuy data to:

a. Determine the status of various Spacecraft systems.

b. Monitor the health and safety of Spacecraft Bus subsystems and the Instruments (except
ASTER).

c. Generate displays for use by the FOT

The ASTER ICC will monitor the health, safety, and performance of the ASTER Instrument. The
ICC will receive ml–time housekeeping data directly from EDOS and selected quick-look of
recorded housekeeping data. Data quality and accounting information is provided with both data
ty~”s. The ASTER ICC works with EDOS to coordinate data delivery and resolve data
communication problems.

The FOT is also responsible for generating and transmitting all real-time commands, for
transmitting the stored command loads, and for verifying all uplink transmissions. Some
commands, that are defined by the databases as critical, require authorization by the FOT prior to
uplink.

The FOT will implement the daily Spacecraft operations schedule under normal circumstances, and
take appropriate action to preserve Spacecraft health and safety. The FOT may initiate a predefine
safiig command sequence in the event that it detects a problem which requires the sequence. The
Instrument PI/TLs and ICC will define health and safety monitoring and reaction procedures for the
instruments, and the Flight Operations Team is responsible for implementing these procedures.

Each Instrument PI/TL and ICC is also responsible for advising the FOT of any changes in
Instrument operating characteristics, capability, or in plans for Instrument utilization which should
be factored into any aspect’ of real-time operations. The FOT is responsible for advising the
Instrument PI/TL and ICC (directly, or indirectly via the FPSG) of any departure from planned
operation of the instrument.

16.6 Performance Verification

Veri.tication of operational performance is requi.md for all Spacecraft Bus subsystems and
Instruments in order to maintain an up-tcAate knowledge of Spacecraft operating characteristics,
capabilities, and limitations.

Performance veri.tlcation results will be used in science data analysis/evaluation and as an input to
ongoing science and operational planning activities. The Instrument PKI’Ls and ICC will verify all
aspects of Instrument performance, and the FOT will verify the performance of Spacecraft Bus
subsystems throughout the Spacecraft mission. The Software Development Facility (SDF), at the
Spacecraft contractors facility, will support the FOT in verifying Spacecraft bus flight software
performance relating to on-board operation. The Instrument PI/TL or ICC is responsible for
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Instrument performance verification requirements. The FOT and Instrument PI/TLs or ICC will
advise the EOS-AM Science Team of performance verification results which are pertinent to the
planning of future mission operations.

The FOT will maintain a log of all uplink activities, which includes for each uplink activity the
command data uplinked, the start and end times, and its receipt by the C&DH. The FOT, using EOC
resources, will also maintain infoxrnation on whether stoti command data am correctly stored in
the SCC memory and information on whether the SCC-stored commands are dispatched
successfully to the intended destination entities. For real-time commands, the FOT will maintain
information regarding command execution by the Spacecraft Bus subsystems. The FOT will verify
Instrument microprocessor loads via check–sum.

Similarly, the Instrument PI/TL or ICC will maintain information on whether the stored orreal-time
instrument commands are successfully executed by the instruments. The Instrument PI/TL is also
responsible for maintaining information on whether the instrument microprocessor loads are
correctly loaded and executed.

Command histones will be maintained by the FOT and Instrument PUTLS or ICC.

16.7 Database and Software Maintenance

The Spacecraft SCC and Instrument microprocessors will contain software and table information
which MEsubject to in-orbit maintenance. The EOC computer system will contain a &tabase which
supports command genemtion, telemetry processing operations. The configuration of each software
system and database will be controlled with update procedures coordinated to maintain consistency
between the EOS–AM Spacecraft and ground system and between various ground system facilities.

The FOT will coordinate software and database maintenance activities to insure system–wide
consistency. The SDF will have responsibility for maintaining the Spacecraft Bus flight software.

The FOT will define and verify variable-parameter modifications for the allocation of command
storage memory within the SCC, and will implement SCC flight software and database
modiilcations.

The Instrument PUTL will maintain all microprocessor software and database contents for the
Instrument.

The FOT will maintain Spacecraft Bus subsystem parameters within the EOC database and the core
definitions of all individual commands within the EOC systems. The FOT will also maintain the
core definition of all downlink telemetry functions within the EOC database for which EOC
processing of any type is required. The Instrument PI/TL and ICC will provide the parameter values
which define all Instrument commands and telemetry functions (e.g., serial magnitude commands
having specitlc bit patterns or variable sub-fields; telemetry functions contained within an
instrument-controlled format structure). The Instrument PVI’LSor ICC will also define all other
ground system database information updates which relate to the instruments (i.e., command
sequences, resource usage, safing sequences, activity definitions, telemetry calibmion data,
limit-check threshold levels, derived function definitions, display fotmats).
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The EOSDIS COE System contractor will implement the associated database moditlcat.ions. The
FOT is required to remain cognizant of database content and status within the EOC. The FOT will
interact with the Instrument PI/TLs and ICC to implement any database updates which are pertinent
to the instruments. The ECS contractor will provide the database manager software for the EOC
database

16.8 Early Orbit Flight Operations

The early orbit operations activities for performing various operational functions in support of flight
operations are understood to be as follows:

16.8.1 Launch Ascent – Orbit Acquisition Mission Phases

The .PUTLS and ICC will define any command sequences, EOC displays, and contingency
procedures which should be are needed to assure the health of all Instruments during Launch Ascent
and through the Orbit Acquisition phase. The launch vehicle places the Spacecraft into the injection
orbit, and the Spacecraft will sense separation from the Launch vehicle. Telemetry data will be
relayed from the Vandenberg Tracking Facility and the Advanced Range Instrumented Aircraft
(ARIA) to the EOS Operations Center throughout the launch. The Flight Operations Team will
perform the following Launch Ascent Phase activities:

a. Monitor Spacecraft Bus housekeeping telemetry (Launch/Ascent specific display sets).

b. Monitor and verify Spacecraft Bus operating mode.

c. Monitor and verify Spacecraft Bus resources.

d. Verify stored commands execution.

e. Spacecraft scheduling and planning.

During the Orbit Acquisition Initialization phase, a positive Spacecraft energy balance and an
S–Band communications link is established. A stable earth-oriented attitude is attained and an
onboard orbit estimate is obtained.

The Flight Operations Team will control the Spacecraft and will pexform the following Orbit
Acquisition Phase activities:

a. Monitor Spacecraft Bus housekeeping telemetry (phase spectilc display sets).

b. Monitor and verify Spacecraft Bus operating mode.

c. Monitor and verify Spacecraft Bus resources.

d. Verify stored commands execution.

e. Verify Earth acquisition.

f. Verify Solar Amay deployment and solar tracking.
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g. Verify High Gti Antenna deployment.

h. Verify command and control capability.

i. Spacecraft scheduling and planning.

During the Orbit Acquisition phase, the Spacecraft will perform a series of delta-V maneuvers
(significant change in velocity vector). The FDF andFPSG will calculate bum parameters, plan the
delta-V maneuvers, calculate the required ftigs, schedule, and perform the maneuvers. Figure 87
shows an activity flow.

Up to 8 Hours of tracking
between burns.

Plan and Calculate

t

FDF/EOC
Maneuver Commands

Schedule and Perform
Orbit Adjust EOC

~

Figure 87. Delta-V Activity Flow

16.8.2 Activation

S~acecraft activation follows the launch through Orbit Acquisition phases, and leads into orbital.
mission operations. Most activation events will occur over a period of several weeks during the
Operational Initialization phase. The Instrument PVTLS and ICC will develop the Instrument
activation plans, and provide the Instrument contribution to the initial Spacecraft activation plan.
The FOT will provide the Spacecraft Bus activation plans and procedures. The Instrument PI/TLs
or designated representative(s) will be present in the EOC during each Instrument activation event
and will have direct responsibility for Instrument activation procedures within the EOC. The FOT

DCCO61O93 176



DN-SIWI41O
10June 1993

=

will support the Instrument PI/TL or designated representative(s) in implementing instrument
activation procedures, and will coordinate initial Instrument operations with other Spacecraft Bus
and AM instruments activation events throughout this phase of operation. The Flight Operations
Team will be responsible for the activation and checkout of the Spacecraft subsystems and the
following activities:

a.

b.

co

d.

e.

f.

g.

h.

i.

j.

k.

1.

m.

n.

Monitor Spacecraft Bus housekeeping telemetry.

Monitor and verify Spacecraft Bus operating mode.

Monitor and verify Instrument health and safety data.

Coordinate the Instrument operations with the Instrument Team or ICC.

Monitor and verify Spacecraft Bus resources.

Spacecraft scheduling and planning.

Stored command table loads.

TDRS and EOS-AM Spacecraft ephemerides load.

Instrument microprocessor loads (if required).

Memory dump verification (if required).

Verify stored commands execution.

Coordinate the Flight Dynamics Facility data inputs to the EOC for required Delta–V
operations and TDRSS On–board Navigation System (TONS).

Verify SSR status and management initialization (normal operation).

Spacecraft and Ground Systems operational phase readiness verification and turn-over
to the Spacecraft mature operations.

16.8.3 Transition to Orbital Operations

After the EOS-AM Spacecraft Bus and instruments are fully activated, Spacecraft operations will
transition into the Operational mission phase. When this occurs, the normal daily flight operations
planning and scheduling process will begin along with normal ground system operations.

The FPSG will use the Instruments baseline activity profde and the initial ASTER activity schedule,
unless an operations request containing an activity deviation list is received, to generate instrument
activity lists.

16.9 Spacecraft Maneuvers

Several types of maneuvem will be executed by the Spacecraft at predefine points throughout the
EOS–AM mission. A nominal long-term schedule of maneuver events will be available prior to
launch, and will be maintained cummt along with other long–term planning information. The
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EOS-AM Science Team will be responsible for factoring the maneuver schedule into the long term
science plan, and for establishing overall compatibility between this schedule and planned science
operations. The FOT will maintain maneuver schedule cumency, and for notify the EOS-AM
Science Team (via the Project Scientist) of maneuver schedule changes.

The FOT has responsibility for all maneuver operations. The FOT and FDF are jointly responsible
for the detailed planning of each Spacecraft maneuver and the FOT is responsible for maneuver
execution. For orbit adjust maneuvers, the FDF will develop plans for comctive ftigs of the orbit
adjust system and provide planning aid and operational data updates to reflect maneuver results.
The FPSG will coordinate with the FDF to schedule specific maneuver events consistent with long
term science plan intent and will scheduling instrument operations to accommodate maneuver
implementation. The Instrument PI/TLs and ICC are responsible for defining all maneuver
accommodation requirements (including special command sequences, EOC displays, etc.) for the
instruments, for reviewing the maneuver operational plans, and for advising the FOT, as appropriate,
of any concerns regarding these plans.

16.10 Contingencies

In the event that a Spacecraft emergency situation develops, the FOT will be responsible for taking
appropriate action to preserve Spacecraft health and safety. The FOT will request emergency
TDRSS support from the NCC. If TDRSS cannot be used or is not available, the NCC will work
with the DSN, GN, WOTS for support. The FOT will utilize the emergency support, as available,
to establish a safe Spacecraft configuration. First priority will be given to mission critical functions
(i.e., communications, power, attitude control), and then to establishing a safe conjuration for the
EOS-AM instruments and other Spacecraft Bus subsystems.

The Instrument PUl”Ls and ICC are responsible for defining the safehrvival configuration(s) for
the instruments, and the command sequences necessary to establish that conilguration. If the
Spacecraft enters Safe Mode or Survival Mode, the FOT is responsible for verifying/establishing
a safe configuration for each instrument and Spacecraft Bus subsystem. The FOT will notify the
Instrument PUT’LSand the ASTER ICC that the Safe Mode or Survival Mode has intemupted normal
operation, and of the resulting instrument status. Each Instrument PI/TL or ICC is responsible for
advising the FOT of any need for further priority attention to the instrument. The Instrument PIiTL
or ICC will also define any reactivation procedure to be followed in restoring normal instrument
operation. The FOT will implement all Safe Mode or Survival Mode reaction and recovery
operations. These actions will include:

a. Initiate the appropriate contingency procedure.

b. Recover and analyze stored housekeepinghealth and safety data from the on-board
Solid State Recorder (if possible).

c. Notify the Instrument PI/TL or ICC to coordinate actions that may have or will occur
which relate to instrument operation.

d. Notify cognizant engineering and management personnel.
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f.

f?”

h.
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Request appropriate institutional support.

Analyze associated telemetry data available for problem isolation.

Initiate a corrective action plan if applicable.

Continue to monitor real-time telemetry if available, and log all events.

For instruments other than ASTER, the FOT will notify the PI/TL in the event an inst.mment health
or safety incident is discovered by the Flight Operations Team. The FOT will follow predefine
instructions as prescribed by the Instrument PI. The FOT will have available and maintain a set of
safiig commands provided by the PI. The Instrument PVTL will be responsible for evaluating the
incident and advising the FOT of instrument status and plans for resuming operations.

The ASTER ICC monitors the status of that instrument. If an anomaly is discovered, the ASTER
ICC will notify the FOT. The FOT will request any additional institutional and coordinates any
Spacecraft bus operations in support of ASTER anomaly investigation or recovery procedures. The
ICC may specify real-time commands for transmission to the instrument.

The FOT will coordinate with the PUTLS or ICC to reestablish the continuity of planned science
operations, as defined in the Spacecraft activity schedule, once the Spacecraft has been returned to
a normal operating conilgurat.ion.

The Instrument PI/TLs and ICC will define all health and safety telemetry parameters and EOC
monitoring criteria for the instruments, and the procedures to be followed by the FOT should a
Instrument health and safety incident occur. The FOT will perform pmdefmed monitoring and
response procedures, consulting with the Instrument PUTL or ICC regarding instrument status, and
further response actions which might be appropriate.

The FOT will advise the PI/TLs or ICC of Instrument status regarding operational planning
activities which are currently underway and the FOT is responsible for adjusting ongoing plans for
Instrument operations to accommodate the situation at hand (in coordination with the Instrument
PIITLs or ICC). Each Instrument PVI’LorICC is responsible for defining command sequence,EOC
procedure and any other rnodillcations necessary to reflect changes in Instrument operational
capability or status whenever necessary throughout the EOS–AM mission.
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17 0PIW4TIONAL GROUND FACILITIES

These facilities are to be developed for use within the Spacecraft support ground system. The two
ground system facilities are the Spacecraft Analysis System (SAS) and the Spacecraft Simulator
(SSIM).

17.1 Spacecraft Analysis System (SAS) Software

The SAS software is to be used for support of Spacecraft analysis and sustaining engi.neetig. It also
supports updates to the engineering database and collection and organization of processed
Spacecraft housekeeping teleme~. A description of the SAS capabilities is as follows:

a. Operations Analysis- The capability to perform traditional satellite operations support
tasks such as trend analysis, critical parameter evaluation, and accumulation of
pexforrnance statistics.

b. Anomaly Resolution Support – Support to the EOS Opemtion Center (EOC) is provided
for problem detection, fault isolation, and implementation of solutions.

The computer provided by the EOC plays host to the SAS software analysis tools and data.
Operations analysis tools such as statistical analysis, curve fitting and subsystem performance
evaluation are provided.

If an anomaly is diagnose~ the operators may use the analysis tools along with the SSIM simulator
to recreate and analyze the flight events. Potential remedies to the anomaly can be tested on the
Spacecraft Simulator if the failure condition can be simulated.

The EOC provides the SAS with Spacecraft telemetry that is required for processing. Orbit, attitude,
and uplink data are also provided. Both current and historical data may be xetrieved for use in
performance ~alysis. Data required for problem n.xolution can be provided to Spacecraft
specialists located at the contractor plant to support anomaly molution.

A preliminary diagram of the SAS and its intetiaces is shown in Figure 88.

17.2 Spacecraft Simulator (SSIM)

The Spacecraft Simulator (SSIM) is a Spacecraft Ground System element located at the Goddard
Space Flight Center (GSFC). It provides operational support to the EOC. Its functions and
interfaces are illustrated in Figure 89. The capabilities resident in the SSIM are described below:

a. Testing of flight software loads and databases

b. Generation and vetilcation of operational procedures

c. Training of EOC operators

d. Anomaly resolution support.
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The simulator consists of data processing hardware and software. An engineering test version of
the Spacecraft prmessor serves as the host for flight software. Spacecraft simulation software
executes on general purpose computer equipment. The simulation software mimics the flight
environment external to the Spacecraft C&DH system by receiving Spacecraft commands,
modelling sensors, effecters and Spacecraft dynamics, and generating telemetry. A video display
terminal (VDT) is available for simulator control and execution monitoring.

A Local Area Network (LAN_)connects the SSIM with the EOC. Simulator input and output is
exchanged during training sessions. This link may also be used to provide the EOC with software
and data up-load files. Access to the PSCN is provided for exchanging software between the SSIM
and Astro Space Software Development Facilities.

Spacecraft operators may use the SSIM to test Spacecraft commands and software, and execute
integrated training sessions. Trainees use EOC consoles and the actual Spacecraft test and
operations command language utilized by the Spacecraft opcxators, while interacting with the
simulator.
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1 SUMMARY

This document defines system-level operating modes for all mission phases, including Prelaunch,
LauncMAscent, orbit Acquisition Initialization, Orbit Acquisition, Operational Initialization.
Operational, and End-of-Mission Phases. My phases (along with associated modes and activities)
prior to Prelaunch Phase are not considered mission phases and are not addressed herein. This
document defines the following for each mission operating mode: (a) key functional and
performance ~quirements; (b) derived power budgets; (c) established criteria for transitioning
between operating modes; and (d) the provision of system resources to Instruments for each mode.
The objective of this design note is to define and specify each system-level operating mode
suftlciently in order to (1) facilitate design engineers’ ~alysis of ~1 mission sc~~os; (2) Provide
a basis for operations planning and (3) provide to the Instrument Providers information on all
Spacecraft operating scenarios.

The operating modes are defined by the minimum functional and performance capabilities that are
required to satisfy mission conditions and constraints. The modes described in this document are
“’system” modes from which subsystem modes and component modes can be derived. The
requirements derived in this document will be incorporated into the Spacecraft Bus’ hardware and
software design concepts.

This revision (Rev. B) to the System Operating Modes design note defines a new mode called
Launch/Ascent Male. The need for a new mode became evident with the mfmement of power
requirements during the early mission whcn the Spacecraft accomplishes earth acquisition, solar
may deploymen~ high gain antenna deployment, and S-band communication link acquisition.
Because the Spacecraft operational con figuration and power consumption during these early
mission activities are diffexrmtthan the ctmIIguration during Survival Mode,Launch/Ascent Mode
was defined to be the primary mock during the Launch/Ascent and Orbit Acquisition Initialization
Phases. This mode is discussed in more dctiiil in Section 3.2.

I
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2 OPEIL4TING MODES OVERVIEW

2.1 Mission Phases and Operating Modes

The EOS mission can be detlned by seven chronological mission phases: (1) Prelaunch. (2)
Launch/Ascent, (3) Orbit Acquisition Initialization, (4) Orbit Acquisition, (5) Operational
Initialization, (6) Opemtional, and (7) End-of-Mission. Each mission phase represents a
pre<efmed time period during which a set of interrelated operations and activities are performed.
Figure 1 provides a to~level description of the EOS mission phases.

Each mission phase is characterized by the ““system”operating modes used (or available) to support
that mission phase. The system mode is defined by the minimum functional and performance
capabilities that are required to satisfy mission conditions and constraints. System modes include
(1) GrOundTest Mode, (2) Launch/Ascent Mode,(3) Standby Mode,(4) Science Mode,(5) Delta-V
Mode, (6) Survival Mode, and (7) Sate Mcxle.

END OF SCIENCE MISS1ON

\

LAST ORBIT ACQUISITION
MANEUVER COMPLETE

\
BEGIN

NORMAL OPE~TIONS
(FULL RE4WURCEST0 INSTRUMENTS

LAUNCH VEHICL!YSPACECRAFT
SEPARATION

\
BEGLNPREPARATION FOR

G
1= ORBIT ACQU’HWTION MANEUVER

LAuNcm (GROUND DECISION)
I

t

DPRELAUNCH \
00 TO lNTIMtNAL

POWER

F@uw 1. Spacecraft Mission Phases



EOS-DN-SE&1401
21 May 1993 .

s

The system operating modes were defined by combining five state variables (see Table I) which were
chosen to represent system parameters which are essential to defining worst case operational
scenarios for the Spacecraft. The set of all possible combinations of these tlve state variables
consists of 48 permutations; however, not cenain combinations are not applicable, as explained in

~dble 11 , and can be eliminated. Table III lists the complete state derivation (i.e. all 48
permutations) and defiies the system mode corresponding to all applicable combinations of state
variables. Table IV lists only those combinations which comprise valid system states. Science
Mode, Standby Mode, and Survival Mode each have only one combination of state variables which
applies. However, there me more than one combination of state variables for Safe and Delta-V
Modes. Safe Mode has nine possible sub-modes, and Delta-V has three.

Table IV also lists Ground Test Mode and Launch/Ascent Mode, two system modes which are not
defined by state variables in the method explained above. Ground Test Mode is used during the
Pre–Launch Phase when the Spacecraft has no relevant attitude control. Launch/Ascent Mode is
used during the Launch/Ascent and Orbit Acquisition Initialization Phases. When the Spacecraft
enters this mode, it has no relevant attitude control orientation because it is in the launch vehicle
fairing.

A mission phase typically contains more than one system operating mode. The Opemional Mission
phase, for example, includes the Science Mode, Delta-V Mode,StandbyMode, Suwival Mode and
Safe Mode. At any given time during a specific mission phase, only one of the system modes
available to that phase is in effect. In addition, a particular operating mode maybe used during the
different mission phases. The Spacecraft Bus’ Safe Mode can be used in any mission phase with the
exception of Prelaunch and Launch/Ascent. Primary system operating modes are defined as
scheduled or planned operating modes for that mission phase. Back-up system modes ate unplanned
modes that are entered following an anomaly. Examples of primary mission modes include Science
and Delta-V modes, while examples of back-up modes include Survival and Safe modes.

Table V correlates mission phases with system operating modes. The types of system modes used
during a particular mission phase are based on the activities required during that phase. The
functional and performance requirements for system operating modes and criteria for mode
transitions are described in Section 3.

b



State Variable

Power Load

Possible
Conditions

OFF

ON

Computer ACE
ACE/SCC
Scc

A Dcl[a-V NO

YES

Auilude SUN
EARTH

Science Data NO
YES

ACE- AttitudeControl Electronics

SCC - SpacecraftControlsComputer

SHDP = Safe Hold Digital Processor

Table L Definitions of State Variables

Definition

Shed loads to minimum housekeeping and instrument power condition -
(Power Critical Condition)

Housekeeping equipment and instruments are at the full power allocated for the
mode - (Fuli Power Condit ion)

ACE (inciuding SHDP) controls altitude; no SCC control
ACE con[rols attitude: SCC controls all housekeeping functions cxccpt altitude
SCC has full control of all housekeeping functions, including Spacccra(t auimde

No DclIa-V maneuver (Attitude control (ACS) hrustcrs my bc used)
Deita-V maneuver

Sun pointing attitude
Eanh pointing attitude

Spacecraft unabie to collect, distribute, or transmit science data
Spacecraft performs science data collection, distribution, & lransn]issi[m

!



Table IL Mutually Exclusive System State Variable Combinations

System State

AV/SUN

AVIACE

SCC/SUN

LOAD OFF/SCIENCE DATA

(J1

ACE ONLY/SCIENCE DATA

SUN/SCIENCE DATA

Comment

AV maneuvers wilh sun pointing are not feasible (ahhough ACS lhnslcrs my be uwd)

AV maneuvers with auitudc control via the ACE arenotplanned (although ACSthrusicrs will bc COIIMM by (I1c
ACE)*

The SCC dces not contain lhc software for sun pointing. If the FDIR algorilhm.s in the SCC dctcmlinc M a
sun-pointing safe atliwle is required, the SCC will command [he relays in the ACE to set sun-pointing m h default
attitude and will then command IIw Spacecraft inlo s(afemode, aI which point the ACE will assumecontrol of the
altitude processing Iunctions.

In a minimum power cond it ion, science data handling functions are nol suppor[ed by the Sp~cecral[ and inswumcnls
are not collecting science data because only survival equipment is powered.

The ACE does not contain the software to provide for the stored command processing used for science data colhxtion,
distribution, & collection.

Full scienceresources will nol be provided during sun poinling safe mode. Also, instruments will noI hc viewing their
nominal targets while dw Spacecraft is in a sun-pointing imilude.

!

* Not precluded by design but represents major contingency scenario which is not being arrlicipatcd.



Mode

SAFE

SAFE

WA

NfA

NIA

S[lttVIVAI.
*

WA

DELTA-V

SAFE

SAFE

WA

WA

NfA

WA

Power
Load

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

OFF

Table 111. EOS-AM System State Derivation

Compntcr

ACE

ACE

ACE

ACE

Scc

Scc

Scc

Scc

ACE/SCC

ACBSCC

ACEKCC

ACE/SCC

ACE

ACE

Delta-v

NO

N()

YES

YES

N( )

N()

YES

YES

NO

NO

YES

YES

NO

N()

Altitude

SUN

EARTH

SUN

EARTH

S(JN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

Sciuncc
Data

NO

NO

NO

NO

N()

NO

NO

NO

NO

NO

NO

N()

YES

YES

Comment

AVISUN, AVIACE

AVIACE

SCC/SUN

SCC/SUN

AVISUN,AVIACE

AVIACE

ACE ONLY/SCIENCE DATA,
LOAD OFF/SCIENCE DATA,
SUN/SCIENCE DATA

ACE ONLY/SCIENCE DATA,
LOAD OFF/SCIENCE DATA

N/A = Modes nol possibleJplannedto atlain



Table III. EOS-AM System State Derivation (continued)

Mo(Ic Power
Load

Computer I)cltn-v Attitude Sclcncc
Data

Comment

WA OFF ACE

ACE

Scc

Scc

Scc

Scc

ACE/SCC

ACE/SCC

ACWSCC

ACWSCC

ACE

YES SUN YES ACE ONLY/SCIENCE DATA, AV/SUN,
LOAD OFF/SCIENCE DATA, AV/ACE
SUN/SCIENCE DATA

NIA OFF YES

N()

EARTH

SUN

YES ACE ONLY/SCIENCE DATA, AV/ACE
LOAD OFF/SCIENCE DATA

MA OFF YES SCC/SUN, SUN/SCIENCE DATA.
LOAD OFF/SCIENCE DATA

N/A
-1

N/A

OFF

OFF

N( )

YES

EARTH

SUN

YES

YES

LOAD OFF/SCIENCE DATA

SCC/SUN, SUN/SCIENCE DATA,
LOAD OFF/SCIENCE DATA, AV/SUN

WA

N(A

OFF

OFF

YES

NO

EARTH

SUN

EARTH

SUN

YES

YES

LOAD OFF/SCIENCE DATA

LOAD OFF/SCIENCE DATA,
SUN/SCIENCE DATA

!

WA

WA

OFF

OFF

NO

YES

YES

YES

LOAD OFF/SCIENCE DATA

AV/SUN, AVIACE,
LOAD OIWSCIENCE DATA,
SUN/SCIENCE DATA

WA OFF

SAFE ON

#

YES

NO

EARTH

SUN

YES

NO

AVIACE,
LOAD OFF/SCIENCE DATA

N/A = Mtxlcs nol possiblelplanned 10nlmin



Mode

SAFE

N(A

WA

WA

SIANI)IIY

NIA
00

DIH,IA-V

SAFE

SAFE

NIA

NJA

NIA

I WA

I WA

Power
Load

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

Table 111. EOS-AM System State Derivation (continued)

Computer

ACE

ACE

ACE

Scc

Scc

Scc

Scc

ACE/SCC

ACE/SCC

ACE/SCC

ACEISCC

ACE

ACE

ACE

I)clta-v

NO

YES

YES

N()

N( )

YES

YES

N()

NO

YES

YES

NO

NO

YES

Attitude

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

Scicncc
Data

NO

NO

N()

N()

N()

N()

NO

NO

NO

NO

NO

YES

YES

YES

Comment

AVISUN, AVIACE

AVIACE

SCC/SUN

SCC/SUN, AV/SUN

AV/SUN, AVIACE
F

AVIACE

ACE ONLY/SCIENCE DATA,
SUN/SCIENCE DATA

ACE ONLY/SCIENCE DATA

ACE ONLY/SCIENCE DATA, AV/SUN,
SUN/SCIENCE DATA, AV/ACE

I

N/A = Modes not possible/planned 10?Illain



Table III. EOS-AM System State Derivation (continued)

Mode Power Computer
Load

NiA ON ACE

WA ON Scc

SCIENCE ON Scc

NIA ON Scc

I)IIX.TA-V ON Scc

* NIA ON ACE/SCC

SAIW ON ACE/SCC

WA ON ACEISCC

WA ON ACEJSCC

N/A = Modes not possibldplanned 10attain

(A)AWSUN:Avmaneuvem withsurspointingarenot applicable

Dcltn-V

YES

NO

NO

YES

YES

NO

NO

YES

YES

Attitude

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

Science
Data

YES

YES

YES

YES

YEs

YES

YES

YES

YES

Comment

ACE ONLY/SCIENCE DATA, AV/ACE

SCC/SUN. SUN/SCiENCE DATA

SCC/SUN,AV/SUN,
SUN/SCiENCE DATA

SUN/SCiENCE DATA

AV/SUN, AVJACE,
SUN/SCiENCE DATA

AVIACE

(13)AV/AC13AV mmeuvem with attitude control via the ACE arenot applicable

(C)SCCKUN: SCC does notcontain s/w for sun pointing

(D)LOADOFWSCIENCEDATA: Science datarcso-ea cannotbS providedwith Eshed power load, instrumentsme poweredoff

(E)ACE oNLY/SCIENCE DATA ‘riseACE dua not conlnindW 10provideforScience~at~collection, distribution,& collection (i.e., storedcmd processing)
#

(I:)SUN/SCIENCEDATA: Full science m$ourmswill nol be providedwith son pointing, i.e. instrumentswill not be takingscience dnta



Table IV. EOS-AM Operating Mode Definitions

Mode

SCIENCE

STANDBY

SURVIVAL

SAFE

SA1~E

SAFE

SAFE

SAN;

SAFE

SAFE

DELTA-V

DELTA-V

DELTA-V

Power
Load

ON

ON

OFF

OFF

OFF

ON

ON

OFF

OFF

ON

ON

ON

OFF

ON

ON

Computer

Scc

Scc

Scc

ACE

ACE

ACE

ACE

ACEKCC

ACEISCC

ACE/SCC

ACWSCC

ACWSCC

Scc

Scc

Scc

Delta-V

NO

NO

NO

NO

NO

NO

N()

NO

N()

N()

NO

N()

YES

YES

YES

Attitude

EARTH

EARTH

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

SUN

EARTH

EARTH

EARTH

EARTH

EARTH

Scicncc
Data

YES

NO

NO

NO

NO

NO

NO

N()

N()

NO

NO

YES

NO

NO

YES

Sub-Mode
Nurnbcr

N/A

N/A

N/A

o

I

2

3

4

5

6

7

II

o

1

2

The followingtwo systemoperatingmodes(GroundTestModeand l-auncMAscentMode)havebeendefined independently of Ihc analysis of sImc
variablesin Table111.GroundTest Modeand LauncWAscentModeare usedduringmissionphases whenIheSfx~cecraftis integratedwith lhe hunch
vehicle, In these phases, the GN&C subsystemis not controlling~hespacecr~l atti~udetso that [he stale variable“al~i~ude”iSi~elevanl.

GROUND TEST ON Scc NO Not Relevant NO N/A

LAUNCWASCENT OFF ● Scc YES NOIRckvanl NO NIA

,,
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Table V. Spacecraft System Modes

I Spacecraft Mission Phase 1

Orbit End
Launcld Acquisition Orbit Operational of

System Mock
Prelaunch .Ascent Initialization Aquisi- Initialization Operational XIission

tion

Ground Test Mode P II

Launch/Ascent Mcxle P P

Standby Mode P P P B

Science Mode P P

Delta-V Mode P P P

Survival Mode B B B B B P

Safe Mode B 11 B B B B

Legend: P Primary mode
B Backup mode

2.2 Mode Architecture

A system mode is an operational configumtion with a set of minimum requirements and resources
that can be allocated to the subsystems. Higher functionality than the minimum within a given mode
is possible, up to the minimum levels of [hc next higher mode. The system mode is not a predeilned
combination of “subsystem modes” or hwxlware configurations. In general, there are multiple
combinations of Spacecraft Bus hardw;irc ;Ind subsystem modes that can be chosen to meet system
mode requirements.

2.3 Mode Transition Overview

Transition between operating modes WI I I k initiated by either (1) ground command (stored or
real-time) or (2) on-board failure detect 1(m logic. Non-time+xitical faults will be handled by
ground command. The on-board tidilure detection logic is the Spacecraft Failure Detection,
Isolation and Recovery (FDIR) system which is capable of recotilguring hardware and software in
response to time+ritical Spacecraft faults. The state diagrams and entry/exit criteria provided in
this report stme as the initial definition for FDIR functionality; further defmit.ion is given in
Eos-DN-sE&1427.

~pically a sequence of commands must be executed in order to effect the transition from one m’&k

to another. Also, the point of transition is not explicitly defined as a particular event. Rather, the
transition will be considered complete when the Spacecraft performance has been verified as
capable of providing the resourees and performing the functions required by the mode that was
entered.

The transition between primary modes will typically be initiated by ground command. For example,
during the Operational Mission Phase, ground command will be required to initiate a transition from
the Science Mode to the Delta-V Mode. In ccniiin cases, transition between two primary modes

II
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may be accomplished autonomously by on-board logic. For example, in the Operational
Initialization Phase, both Standby and Science Modes are primary modes, used for subsystem am!
Instrument checkout, respectively. If a high rate data system failure occurs during Instmnwm
checkout, an autonomous transition may occur from Science Mode to Standby Mode.

The transition between a primary mode and a back-up mode can be initiated by ground command
or may be autonomously initiated by on-board logic. Following violation of pre-selectecl criteria
the FDIR system will autonomously initiate a transition from a primary mode (e.g.. Science Mode)
to a back-up mode (e.g., Safe Mode). In the event of SCC failure, loss of the “’I’mOK’ signal from
the SCC will cause the attitude control electronics (ACE) to take control of the Spacecraft attitude
and thereby mnsition into the Safe Mode. In this type of Safe Mode enuy, equipment operating
during the Safe Mode will be preselected to retlect the most cument equipment availability. The
other autonomous transition into Safe Mode occurs upon detection by GN&C FDIR of an attitude
error txyond a pm-detlned threshold. In this case. the ACE again controls the attitude, but the SCC
continues to control other Spacecraft functions.

When the SCC is operational, it is also possible to have autonomous transitions from higher mode
sublevels to lower sublevels within the same mode. An example of this is Safe Mode, in which the
SCC can control the autonomous transition from earth pointing to sun pointing.

Exit from a back-up mode to a functionally more capable mode will be by ground command only.

Figures 2 to 8 illustrate the allowable mode transitions for each of the mission phases. The criteria
to perform the mode transitions are established in the mode descriptions in Section 3.
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Prelaunch Phase Launch/Ascent Phase

Ground Command
Launch/Ascent Mode

Figure 2. Prelaunch Mission Phase
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3 SYSTEM MODE REQUIREMENTS

The system mode requirements section contains functional and ptxformance requirements, resource
allocations, and transition criteria for the operming modes. Sections 3.1 to 3.7 provide functional
descriptions, transition criteria, subsystem requirements, and operations requirements for the
system modes. Instrument specific information. such as available resourcesand mode transition
notitlcations, along with appropriate Instrument response to these conditions, is covered in Section
3.8. Key performance requirements and power allocations are provided in Seetion 3.9.

3.1 Ground Test Mode

3.1.1 Functional Overview

The Spacecraft will be in Ground Test Mode during the Prelaunch Phase of the mission, which starts
with the integration of the Spacecraft with the launch vehicle and ends with the transition to internal
power in preparation for launch. In this mode the Spacecraft is essentially in a “check*t” state,
receiving power via the launch vehicle ..T-minus-zero” (T41) umbilical. The readiness of the
Spacecraft for launch is established by verifying the aliveness of redundant subsystem hardware
aliveness and demonstrating redundant power and signal paths to major components (although not
by using every possible command for a given path). During this mode, the battexics arecontimtously
charged, and equipment is powered as requ ircd for low-rate commandingandtelemetry. Telemetry
is provided to the GSE via the T-O umbilicid.

3.1.2 Entry/Exit

Entry: Nominal entry into the Ground 72N .Modeoccurs following integration of the Spacecraft
with the launch vehicle. After integration jvlth the launch vehicle, the Spacecraft will be poweted
ON and housekeeping subsystems will init iiilize to default conditions. The Spacecraft Checkout
Station (SCS) will load the SCC software :mtl stored command sequences. Comman ds to configure
the Spacecraft for launch will be sent from the SCS via the umbdical.

Entry intoGrcnmdTa Mo& can also occur from bunch/Ascent Mode in thecontingency situation
where the launch is aborted or delayed due to a major anomaly after going to internal power and prior
to liftoff. In this unique situation, theT+ umbilical maybe reconnectedto the Spacecra@in wQich
case the misaim phaae would transition from bwnch/&wnt back to PrtManch, and the
Spacecraft would again receive commands and power through the umbikal.

Kxiti Exit from this mode will occur upon tmnsition to internal power (resulting in the transition
to the Launch Phase), approximately five minurcs before lift-off.

The allowable mode transitions to enter or exit Ground Test Mode ate illustrated in Figwes 2 and
3. Table VI summarizes criteria for transition to the Ground Test Mode from an initial mode
(allowableentry point) and exit from the Ground Test Modeto anothermode (allowableexit point).

u)
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Table VI. Ground Test Mode Transition

Allowable Entry Points

Begin Prelaunch

Launch/Ascent Mode

Allowable Exit Points

Initiation

Ground Command

Ground Command

Criteria

- Integration to launch vehicle is
complete
–All systems ready to commence
ground testing

-Abort or delay launch

Launch/Ascent Mode Ground Command –Transition to internal power

-All systems nominal

3.1.3 Minimum Subsystem Requirements

GN&CS: All GN&C components will be powered on to support limited testing of the Guidance
Navigation & Control Subsystem and for launch readiness.

C&DHS: The Command & Data Handling Subsystem will monitor Spacecraft equipment and
instrument telemetry to ensure health and safety. Commands received via the umbilical will be
distributed to equipment and instruments as necessary. Health and safety telemetry will be
distributed for transmission via the umbilical. The Spacecraft Bus data processing and distribution
will be SCC/CTIU based. Limited testing of the C&DHS will be suppofied.

TCS: The Thermal Control Subsystem will maintain operational housekeeping equipment within
operating temperature limits and non-operating housekeeping equipment and instruments with in
survival temperature limits. Limited tcstlng of the TCS will be suppated.

El%: The Electrical Power Subsystem will interface with the launch vehicle T-O power umbilical
via the EAS. The EPS will distribute the power from the umbilical to operating and suxvival
equipment. The EPS will support battery charging. Limited testing of the EPS will be supported.

COMMS: The CommunicationSubsystem will accommodate ahardline telemetry link through the
launch vehicle T-O umbilical. Limited testing will include an RF test of the omni antennas and an
end-to-end test of the launchhcent link (i.e., a direct connection to the Launch Vehicle telemetry
stream).

PROPS: ‘I%epropulsion subsystem will be initialized to provide thntster operations as neces~
for post-separation maneuvers. Ttte Propulsion Module Electronics Assembly (PMEA) wiIl be
operational, and engine catbed heaters for six l-lb thrusters will be enabled. Telemetry will be
provided to indicate propellant-feed pressures and temperatures, valve temperatures, and latching
valve position indication. Limited testing of the Propulsion Subsystem will be suppoxted.

SMS: Limited testing of the Structure and Mechanisms Subsystem will be supported. This involves
monitoring of telemetry to verify operational readiness of deployment mechanisms and drive
motors.
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EAS: TheEAS will provide power and data distribution for the Spacecraft via harnessing. Limited
testing of the Electrical Accommodateion Subsystem will be supported. This involves verification
of pc-wer and signal distribution paths to major components, especially those needed for
post-separation activities. Testing will also involve monitoring of telemetry to verify operational
readiness of arming plugs.

3.1.4 Ground Test Mcde Operations

While in Ground Test Mode during the Prelaunch Mission Phase, the Spacecraft will be undergoing
prelaunch test at the Vandenberg Air Force Base. The Martin Marietta Integration& Test (I&T)
group will be responsible for Spacecraft testing and control, and the FOT will be provided with the
capability to monitor Spacecmft telemetry from the launch site. All bus housekeeping equipment
will undergo a short form vefilcation during the Ground Test Mede to verify subsystem integrity
and functionality. External stimuli will not be used. Health and safety telemetry will be verified
to be within allowable ranges, and nonoperating equipment may be powered ON for aliveness
checks. Instrument science will not be tested during this mode, but the integrity of insaument
interfaces will be vetiled. (More extensive physical checks and Spacecraftperformancetests will
be performed at the launch site prior to integration of the Spacecraft with the launch vehicle.) The
software and data tables will be loaded with the appropriate parameters for Orbit Acquisition
Ini-tion and Orbit Acquisition Phase activities.

In theevent that the launchispostponed after having gone to internal pver, I&Twill be responsible
for reconfiguring the Spacecraft back to the Ground Test ModefkomLaunch/AscentMode, and the
Launch Vehiclecontractor wiIl be responsible for reconnecting the T- umbilical.

3.2 Launch/Ascent Mode

3.2.1 Functional Overview

The LauncWAscentMode is the Spacecraft’s operational conf@raticm during and immediately
following the boost to the injection orbit on the launch vehicle. Once sepamt.ionfrom the launch
vehicle is detected by on-board logic and telemetry monitoring, the Spacecraft will use on-board
logic to perform f~r early mission activities, including: (1) an attitude maneuver to obtain an
eartlwriented attitude, (2) deploymentof the solar army to support the bus load and begin battery
recharge, (3) establishment of an S-band communication link prharily with TIXWSvia the omni
antennas,and (4) deploymentof the high gain antema. AUof these prcprogmmmed activities sliall,
asa backup,accept groundcommandedinitiation, providedthat a communicationlink to the ground
has been established.

Launch/Ascent Mode is a primary mode in both the Launch/ACent and Orbit Acquisition
Initialization Phases. This period begins with the transition to internal power on the launch pad
andendswhen the Spacecraftis groundcommanded intoStandbyModeafter theHighGainAntenna
(HGA) is deployed in the injection orbit. All instruments am powered off with survival heater
enabled. Housekeepingequipment is pwered as required toaccomplishthe early mission activities
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and for low-me telemeq commanding and telemetry, with survival and operational heaters
enabled.

During Launch/Ascent Phase, the Spacecrti’t operates on internal battery power (i.e., batteries are
continually discharging), and only those components essential for monitoring and transmitting
Spacecraft health data, maintaining Spacecraft survival, and required for the earth acquisition
maneuver are powered at this time. During the Orbit Acquisition Initialization Phase, a stable and
operational Spacecraft configuration following separation from the launch vehicle will be
established. Upon detection of separation from the launch vehicle, on-board logic will be activated
to perform the four major early mission activities described above.

Inaddition to triggering the execution of the four early mission activities, the detection of separation
from the launch vehicle will also enable the FDIR algorithms necessay for the autonomous
transition to Sunival Mode or Safe Mode in the event of certain failures. These algorithms will
remain enabled throughout all subsequent mission phases.

Launch/Ascent Mode is a new mode which was defined because Sumival Mode did not adequately
represent the operational configuration and power consumption of the Spacecraft during the early
mission phases (Launch/Ascent and Orbit Acquisition Initialization Phases). Although the
Spacecmft power level in Launch/Ascent Mode is near the minimum power level of Sumival Mode,
it is possible to transition to Sunival Mcde by shedding some n~ssential housekeeping loads
such as the solid state star trackers and all propulsionsubsystemequipmentexcept for the pressure
transducer.

3.2.2 Entry/Exit

Entry: Ground operators will switch the Spacecraft to the Launch/Ascent Mode when they
disconnect the T-O umbilical, causing the Spacecraft to switch to internal power. If an anomaly
occurs after separationfrom the launch vehicle that causes the Spacecraft to enter Sumival or Safe
Mode, Launch/&jCentMode maybe recentered by ground command.

Exit: Nominally, exit from Launch/Ascent Mode to Standby Mode will be ground commanded
when all of the major early mission events (e.g. earth acquisition, S-band communication link
acquisition,energybalance,andHGA deployment) have been successfully completed. In the event
that the launch is abortedor delayed due to a major anomaly prior to liftoff, ground operatcxs~ill
reconnect thcT=Oumbilical (to switchbacktoexternalpowersupplies)and transitionthe Spacecraft
from Launch/Acent Mode to Ground Test Mode. In this even~ the mission phase will transition
from Launch/&cent backto Pre-Launch. If an anomaly occurs after the Spacemdl has separated
from the launch vehicle, the transition from Launch/Ascent Mode to either Stuviva.1Mode or Safe
Mode may be comrnamid either by autonomous on-board logic or by ground command.

Figures 3 and 4 illustrate the allowable mode transitions to enter or exit Launch/Ascent Mode. Table
VII summarizes the criteria for transition to the Launch/Ascent Mode ffom the allowable entty
points and for exit from the Launch/Ascent Mode to another mode (the allowable exit points).
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Table VII. Launch/Ascent Mode Transition

Allowable Entry Points Initiation Criteria

Ground Test Mode Ground Command -Transition to internal power

-All systems nominal

Survival Mode Ground Command -Ground criteria
Sate Mode

Allowable Exit Points

Ground Test Mode Ground Command -Abort or delay launch

Survival Mode On-Board Logic -Separation from launch vehicle
(Autonomous) complete

-TMON Load Shed Criteria

Sate Mode On-Board Logic -Separation from launch vehicle
(Autonomous) complete

-Loss of SCC “I’m OK
and/or
<N&C FDIR (attitude error)

Smival Mode Ground Command -round criteria
Safe Mode
Standby Mode

3.23 Minimum Subsystem Requirements

GN&CS:

*

●

C&DHS:

●

Launch/AscentPhase-The GN&CSwill provideattitude lmowledgeduring
launchascent. The GN&CSwill be preparedfor earthacquisitionmaneuvers
immediately following separation from the launch vehicle.

Ortit Acquisition Initialization Phase - The GN&CS will provide attitude
determination and navigation. The GN&CS will provide coarse earth
pointing control that is sufficient for allowing comrnunicaticmlinks to be
established between the HGA and TDRSS. The GN&CS navigation %
functions will be supported via either uplinked ephemeris or a
TDRSS~NS link as available.

Launch/AscentPhase- The C&DHSwillmonitorSpacaraft equipmentand
instrument telemetry to ensure health and safety. Commands will be
distributedto equipment. Data will be distributed for S-band transmission
and for storage on a single operationalSSR datacontrol uni~ The Spacecmft
Bus data processing and disrnbution will be SCC/~U based.
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Orbit Acquisition Initialization Phase - The Spacecraft Bus data processing
and distribution will be SCC/CTIU based. The SCC will distribute the stored
commands necesszuy to perform the earth acquisition maneuver, acquire a
TDRSS/TONS link, deploy the solar army, and deploy the high gain antenna.
Commands will be distributed to instruments and equipment. The C&DHS
will monitor Spacecraft equipment and instrument telemetry to ensure health
and safety. Data will be distributed for both S-band transmission and storage
on a single operational SSR data control unit.

The TCS will maintain operating temperatures on operational housekeeping
equipment and sumival temperatures for non-operational housekeeping
equipment and instruments.

Launch/Ascent Phase - The EPS will provide the necessay power to
operating and survival equipment via batteries.

Orbit Acquisition Initialization Phase – The EPS will provide the necessary
power to operating and suwival equipment (via batteries until solar may
deployment and attainment of Spacecraft energy balance). The EPS will
support solar array deployment and slew/rotation to track the sun. The EPS
will begin recharging the batteries as soon as possible after solar array
deployment. In the anomalous condition that sun-@ntirtg Safe Male is
ente~d from Launch/Ascent Ylode, the EPS will suppoxtacquisition of a
solar array sun pointing attiludc from an arbitraryorientation.

COMMS:

● Launch/Ascent Phase - The COMM subsystem
communication link via direct connection to the launch
stream.

will support a
vehicle telemetxy

. Orbit Acquisition Initialization Phase - The establishment of low-rate
S-band communicationslinks wa the omnis with TDRSSanWrGN will be
suppated. The maintenance of these links will also be sup- The
establishment of an S-band communication link via the HGA with TDRSS
will be sttppmted (after successful HGA deployment), as well as the

.
mamtmumce of these links. The COMM subsystem will supprt the uplink
of bckup ephemeris for orbit determination. The COMMsubsystem will
also provide for the acquisition of the TONS link via the omnis andbr the
HGA and maintenanceof the link, to support ortit determinationvia’IONS.

PROPS:

. Launch/Ascent Phase - The propulsion subsystem will be initialhd to
provide thruster operations as necessary for tip-off correction maneuvem,
earth acquisition, and attitude control. ThePMEA and enginecatbed heater
for six l-lb thrusters will be enabled.
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EAS:
s .

. The EAS wiIl provide power and data distribution for the Spacecraft via
harnessing.

3.2.4 Launch/Ascent Mode Operations

The FOT willfully monitor Spacecraft opexation during Launch/Ascent Mode because of the critical
nature of the early mission activities. The FOT will review the Spacecraft telemetry received via
the Launch Vehicle when it becomes available. Spacecraft detection of separation from the Launch
Vehicle will initiate the autonomous execution of preprogrammed Orbit Acquisition Initialization
activities. After establishment of an S-Band link (using omni antennas) with the ground via
TDRSS, the FOT will monitor these Spacecraft activities. The FOT will send ground commands
as necessary to establish a stable Spacecraft on-orbit configuration with an earth-oriented attitude.

3.3

3.3.1

Standby Mode

Functional Overview

The Standby Mode is a “non-science” mode that is used during subsystem check+ut, durkg
quiescent periods, or as back-up to the Science Mode.

Standby Mode is a primary mode during the Orbit Acquisition Initialization, Orbit Acquisition, and
Operational Initialization Phases. During the Orbit Acquisition Initialtition Phase, the Spacecraft
will be in Launch/Ascent Mode until it receives ground commands to enter Standby Mode,
nominally after deployment of the HGA. During the Orbit Acquisition Phase, both Standby and
Deha-V Modes are primary system modes. Typically, the system will be in Standby Mode, except
during propulsive maneuvers, when It will be in Delta-V mode. During the Operational
Initialization Phase, the Spacecraft wiil normally be in Standby Mode except during propulsive
maneuvers and during checkout of instrument science data downlink.

As a backup mode in the Operational Phase, Standby Mode is used when a problem arises with the
ability to collector transmit instrument science data.

Instrument sciemx data collection and transmission is not supported in Standby mode. Standby
ModehasfuUpower~ so that housekeeping and instrumentloads WWnot be ShedUfm
entering this male. As requiredduring subsystem checkout both primary and redundant units of
components may be powered me combination of state variables for this maie is defined as Power
Load (on), Computer (SCC), Delta-V (no), Attitude (earth), and Science Data (no).

3.32 Entry/Exit

Entry:

During the Orbit Acquisition Initialization Phase, the Spacecraft will be ground commanded into
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Standby Mode once all of the major early mission of events within Launch/Ascent Mode have been
accomplished.

DuMg the Orbit Acquisition Phase, the transition from Delra-V Mode to Standby Mode will be
ground commanded after propulsive maneuvers.

During the Operational Initialization phase, the Spacecraft will be ground commanded into the
Standby Mode and will remain in this mode during system/ subsystem check+ut.

During the Operational Phase, the Spacecraft may be ground commanded into the Standby Mode
for quiescent periods or for ground recove~ from a non-time+ritical fault in the high rate data
system. The Standby Mode may be utilized during the ground commanded transition from Survival
Mode or Safe Mode back to a higher operating state. Autonomous entry into Standby Mode may
be made following a system type failure that prevents or hinders science opemtion, but does not
require signiilcant shedding of Spacecraft loads. Failures which would cause autonomous enuy
include: 1) HGA FDIR algorithm stops SCC commanding of the HGA if the gimbal motion is
grossly inconsistent with commands, 2) TMON disables SCC commanding to the HGA if the HGA
gimbal becomes too hot, and 3) TMON detects other problems with the high rate data system that
could possibly be critical to associated equipment, such as the solid state recorder.

Exit: Exit from the Standby Mode, to a higher or same level mode, (e.g., to the Science Mode or
Delta-V Mode) will be initiated by ground command. In event of a severe power fault, autonomous
transition into Swvival Mode will be made. Autonomous transition to Safe Mode will occur upon
loss of the SCC “I’m OK or by GN&C FDIR.

Figures 4,5,6, and 7 illustrate the allowable mode transitions to enterandexit Standby Mode. Table
VIII summarizes criteria for transition to the Standby Mode from an initial mode (allowable entry
point) and exit frnm the Standby Mode to another mode (allowable exit point).

Table VIII. Standby Mode ‘Ihnsition

Allowable Entry Points Initiation Criteria

Any Mode Ground Command <round Clitefi

Science Mode On-Board Logic -HGA FDIR or TMON
(Autonomous-SCC) -High Rate Data Spun TMON
Non-Tne<ritical High (TBD) b
Rate System Fault (TBD)

1 I

Allowable Exit Points I
Any Mode Ground Command ~mund criteria

Survival Mode On-Board Logic -TMON Load Shed Criteria
(Autonomous-SCC)

Safe Mode On-Board Logic -Loss of SCC “I’m OK”
(Autonomous) -GN&C FDIR (attitude error)
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3.33 Minimum Subsystem Requirement

GN&CS:

c Orbit Acquisition Initialization and Orbit Acquisition Phases - The GN&CS
will provide attitude determination and navigation. The GN&CS will
provide coarse ean.h pointing control that is sutilcient for allowing
communication links to be established between the HGA and TDRSS. The
GN&CS primary navigation functions will be supported via either uplinked
ephemeris or a TDRS!WT’ONSlink, as available. GN&CS checkout activities
will be supported.

● Operational Phase - The GN&CS will provide attitude determination and
navigation. Earth-oriented pointing will be maintained. The GN&CS
primary navigation functions will be supported via the use of TONS, or as
a backup, via uplinked ephemeris, as applicable. GN&CS checkout activities
will be supported.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to ensure
health and safety. Commands will be distributed to instruments and equipment. Data will be
distributed for both S-band transmission and storage on the solid state recorder (SSR). The
Spacecraft Bus data processing and distribution will be SCCKTIU based. Low-rate data handling
will be provided. C&DHS checkout activities will be supported.

TCS: The TCS will maintain operating temperatures on all opemional housekeeping equipment
and instruments and sulvival temperatunx on all non-operational housekeeping equipment and
instruments. In the Operational Phase, the TCS may provide limited heat rejection for instntments
requiring centralized thermal control. TCS checkout activities will be supported.

Em:

. Orbit Acquisitiat Initiaiizaticn and Orbit Acquisition Phases- The EPS will
provide necessary power to operating and survivai equipment while
maintaining a positive energy balance. Essential power for instruments in
non+mational survival will be provided. Solar may slew and rotation (sun
tracking) will be provided. EPS checkout activities will be suppmed.

● Operational Phase-The EPS will provide necessary power to operating and
survival equipment while maintaining a positive energy balance. Essential
power for instruments in operational standby will be provided. Solar-y
slew and rotation (sun tmcking) will be provided. EPS checkout activities b

will besUppWd.

COW: The maintenance of S-band communications links with TDRSS and/or GN via the
omnis will be supported as a minimum. Alrhough not a minimum requirement, the acquisition and
maintenance of a TDRSS HGA S-band link will be accommodated as capable once the HGA is
deployed during the OrM Acquisition Initialization Phase. ‘Ile COMM subsystem will provide
for the maintenance of the TONS link to suppott coarse orbit determination via TONS, and it will
also suppoxt the uplink of backup ephemeris for orbit determinaticm, as applicable. COMM
subsystem checkout activities will be supported.

3s



EOS-DN-SE&I-001
21 May 1993

=

PROPS: The propulsion subsystem will suppcxt l-lb thmster operations to provide impulsive
torques foron-orbit three-axis attitude control and reaction wheel unloading. Propulsion subsystem
checkout activities will be supported.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

3.3.4 Standby Mode Operations

The Standby Mode is one of the primary modes of the Orbit Acquisition Initialization, Orbit
Acquisition, and Operational Initialization Phases. It is also a back up mode of the Operational
Phase.

During the Orbit Acquisition Initialization Phase, the main function of the FOT will be to perform
subsystem checkout. The subsystem checkout will include the following tests:

. HGA pointing and control

. RF communication configuration tests

. Solid State Recorder control

● C&DHS and COMMS vetilcation

During the Orbit Acquisition Phase, the main function of the FOT will to be make necessary
preparations for Delta-V Mode related activities. When the Spacecraft is in Standby Mode between
maneuvers, the FOT will verify successful completion of the previous maneuver and will prepare
for the next planned maneuver.

During the Operational Initialization Phase, the FOT uses the Standby Mode as a means to perform
subsystem checkout. The subsystem checkout will include the following tes~

. Direct Access System (DAS) startup and checkout

● Capil.laxyPumped Heat Transport System (CPHTS) startup and checkout

During the Operational Mission Phase, the FOT may use the Standby Mode to perform subsystem
checkouts when anomalous conditions occur on-board the Spacecraft The FOT will monitor
Spacecraft health and safety data and will track function parameters in support of trend analy.=.
Based on these Iindings, the F~ may decide to command the Spacemft into the Standby Mode.
During such times S@fiC fUUCtiOtld tests and recotilgurations Will be done.

There is a limited number of failures which would cause the m—board Fault Detection, Isolation,
and Recovery (FDIR) functions to yield an autonomous transition into the Standby Mode. Table
Ix summarize s some of the possible functional failures which can yield an autonomous transition
to Standby Mode. When other anomalies which are non-time critical (or types which do not impact
resou~e accommodations for science activities) are detected by the FOT, it may decide to perform
investigations or caiibmtions using the Standby Mode.
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Table IX. Standby Mode Tmnsition Elements

Spacecraft Functional Failure FDIR Function Comments

Science Data Formatting, None to date (area understudy) Reaching capacity limit of
Storage, and Transmission SSR could cause transition

Command Reception and None, System is configured Command uplink is required to
Disrnbution with hot back-up upload the SCC with

commands for SSR and
resource management.

High Gain Antenna Pointing High Gain htenna Hardware components are
Algorithm to turn off pointing contained in the COMS and the
if temperature goes outside SMS.
allowable limits or if errors
are too high

In the event of an anomaly, the FOT will perform tests to isolate the failure per pre-approved
procedures, where possible. Once the anomaly has been effectively isolated, a recovery strategy will
be exercisecL and the impacted Spacecraft function will be verifkd to be within specifications. The
Spacecraft can then be reconfigured back to the primaty mode (Science Mode).

3.4 Delta-V Mode

3.4.1 Functional Overview

The Delta-V mode is a .’propulsive” m{dc used to either raise altitude from the injection orbit to
mission operational altitude, to circularize the mission orbit, or to provide periodic correction to the
mission orbit (e.g., drag makeup). The (rbltal comections will either be in-plane maneuvers or
out+f-plane maneuvers. This mode N used during the Orbit Acquisition, Opemtional
Initialization, and Operational mission phases.

There are three possible sub-mode or sub-level definitions for Delta-V according to Table IV. The
constant state variables are the computer (SCC), Delta-V (yes), and Attitude (earth). The state
variables that vary are Power Load (offYon)and Science Data (yes/no). This would give four
possibilities, except that the combination of Power Load (ofO and Science Data (yes) is not
applicable. ‘Ilwa, at a min.imm in Delta-V Mode, the Spacemft can be at stuvival power le~els
and not supporting science, and at a maximum, it can be at full power, capable of providing science.
The combinations of state variables which define these sub-modes areas follows Delta-V level-O
has Load (oO and Science (no), level--l has Load (on) and Science (no), and level-2 has Load (on)
and Science (yes). The paxticukir Delta-V sub-mode used depends on mission phase and type of
maneuver. The performance requirements discussed in Section NO TAG addxess the minimum
state. For all levels of Delta-V Mode the Spacecraft will be required to supply the power for
propulsion system initializatkm, warm-up, and operation. As the mode level is increased, the
Spacecmft’s functional capability and perfommnce will also increase correspondingly.
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Orbit Acquisition Maneuvers: The Spacecraft will perform these maneuvers during the Orbit
Acquisition Phase, while in Delta-v mode, level-O. The maneuvers are a combination of
out+f-plane inclination comections and in-plane large delta-V bums. This is the minimum
Delta–V mode in terms of Spacecraft capability. Instruments and some high rate data equipment
will be in a sumival state, and the Spacecraft will be providing only essential services, although the
HGA may be available for S-band communication and TONS navigation links.

Ofiit Trim Maneuvers: The Spacecraft will pexform these maneuvers during the Operational
Initialization Phase, nominally while in Delta-V mode level-l. If necessary, the maneuvers could
be accomplished while in Delta-V Mode level-O. These maneuvers are a combination of
out-of-plane inclination comections and in-plane altitude adjustment delta-V bums.

Out+f-Plane Mission Orbit Adjust: The Spacecraft will perform inclination correction maneuvers
during the Operational Phase while in either Delta-V mode level-l or level~, depending on
Spacectit capability. The Spacecraft will reorient to the required out-of-plane maneuver attitude
(e.g., 90 degree slew) before performing the delta-V maneuver. Spacecraft systems such as power,
thermal, communications will not be operating in the nominal flight attitude and significant
performance degradation is possible. Nonessential housekeeping and instrument functions may
be powered down if necessary.

In-Plane Mission Orbit Adjust: The Spacecraft will perform drag make-p adjustments to mission
altitude or retro-grade altitude comections during the Operational Phase while in either Delta-V
Mode level-2 or level-l, depending on Spacecraft capability. Although instrument science mayor
may be not supported, all Spacecmft housekeeping functions can remain operational.

3.4.2 Entry/Exit

Entry: Entry into the Delta-V Mode will be made by ground command. In the Orbit Acquisition
Phase, it will fmt occur following successful execution of all Orbit Acquisition Initialization Phase
activities (i.e., appendage deployments, establishment of communication and TONS links).
Thereafter, in successive mission phases, entry into the Delta-V mode will be ground commanded
as necessary.

~lt: Nominal exit from the Delta-V Mode will be made by ground commancL following
completion of the delta-V maneuver. A loss of the SCC “I’m OK” or detection by the GN&C FDIR
of an attitude ezrw beyond a given threshold would cause autonomous entry into Safe Mode and
would therefore autonomously abort the maneuver. In the event of a severe power fault whi~ in
Delta-V level-2 orlevel-1, autonomous transition into Delta-V Mode level-0, rather than Survival
Mode, will be made. This cumnt operational concept assumes that the TMON load shed does not
include turning off thrusters. Also, them will be no autonomous transition from Delta-V level-2
to Standby Mode due to a loss of science data handling capability. In this event, autonomous
transition would occur ffom Delta-V level-2 to Delta-V level-l.

Figures 5,6, and 7 illustrate the allowable mode transiticms to enter or exit Del*V Mode. Table
X summarizes criteria for transition to the Delta-V Mode from an initial mode (allowable entry
point) and exit from the Deha-V Mode to another mode (allowable exit point).
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Table X. Delta-V Mode Transition

Allowable Entry Points

Standby Mode

Science Mode

Allowable Exit Points

Standby Mode

Science Mode

Survival Mode

Safe Mode

Sate Mode

Initiation ICriteria

Ground Command ]-Successful completion of earth

I acquisition and attainment of
energy balance

-Ground Criteria

Ground Command -Ground Criteria

Ground Command -Ground Criteria

On-Board Logic -Loss of SCC ‘-I’mOK”
(Autonomous) -GN&C FDIR (attitude emor)

3.43 Minimum Subsystem Requimnents

GN&CS: The GN&CS will provide coarse attitude determination and navigation. Coarse
eartkxiented pointing will be maintained. For higher Delta-V submode levels, additional
capability (e.g. fme attitude control and pointing) may be provided as applicable. The GN&CS
primary navigation functions will be supported via the use of TONS, or as a backup, via uplinked
ephemeris, as applicable.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemeay to ensure
health and safety. Limited commands will be distributed to instruments and quipment as necessary.
Data will be distributed for both S-band transmission and storage on the solid state recorder. The
Spacecraft Bus data processing and distribution will be SCC/CI’TU based. For higher Delta-V
su~mode levels, additional capability (e.g., high rate data handling and science data handling) may
be provided as applicable.

TCS: The TCS will maintain operating temperatures on operating quipment and instruments and
sumival temperatma for ncm+perating equipment and instruments. (It is assumed that any OU{of
plane maneuvers to adjust orbit inclination will be performed during the eclipse portion of the orbit.
Otherwise, the ‘KS may not be able to maintain tempmtures within allowable limits.) For higher
Delta-V submode levels, additiond capability maybe provided as applicable.

EPS: TheEPS will provi& necessaty powerto operating andsunivalequiprnent while maintaining
a positive energy balance. Essential power for instrument smival and/or science, as applicable, will
be provided. ‘l’heEPS will supply the required electrical power for propulsion system initialization,
warm-up and operation. For higher Deha-V sub-mode levels, additional capability (e.g., full
power) may be provided as applicable.
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COMMS: The COMM subsystem will maintain and reacquire (as necessary) HGA Ku-band and
S-band forward and return links with TDRSS ancVorGN. It will also maintain and reacquire S-band
links through the omnis. The COMM subsystem will provide for the maintenance of the TONS link
m support coarse orbit determination via TONS, and it will also support the uplink of backup
ephemeris for orbit determination, as applicable. For higher Delta-V suhmxie levels, additional
capability (e.g., high rate data link) may be provided as applicable.

PROPS: The Propulsion subsystem will provide impulse for monopropellant delta-V and
inclination correction operations to support orbit acquisition and maintenance. The subsystem will
also provide impulsive torques for on+xbit three-axis attitude control, three-axis inertial attitude
slews, three-axis Earth and sun acquisitions, and reaction wheel unloading.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.

3.4.4 Delta-V Mode Operations

The Delta-V Mode is not a contingency or back-up mode. The FOT normally schedules Spacecraft
activities well in advance, approximately 28 days before the maneuver date. All Spacecraft delta-V
maneuvers will be petformed during scheduled TDRSS contacts.

3.4.4.1 Orbit Acquisition Phase Delta-V Mode Operations

During the Orbit Acquisition Mission Phase, the FOT will perform the fmt propulsive maneuvers
to place the Spacecraft in the operational altitude. The following is a description of the sequence
of tasks the FOT will suppotiperform to achieve this goal:

. During the Pm-Launch Phase, the FOT will have performed the following
with Flight Dynamics Facility (FDF) support:

- Perform orbit maneuver prediction and orbit maneuver planning

– Compute and uplink orbit maneuver start time, required Delta-V,
estimated stop time, and attitude

- Compute and uplink yaw anitude slew start and estimated stop times.

● The FOT will notify the Flight Dynamics Facility of their intentions to
commence the planned maneuver.

● The FCYI’will command the Spacecraft SCC to begin executing the
apprqu’iate Stored Command Table (S~ and Relative Tkne Sequence b
m) commands for Delta-V activities.

. Upon receipt of ground command to commence delta-V activities, the
Spacecraft will rectilgure out of the Standby Mode and into the Delu+V
Mode.

. The FOT will verify Spacecraft reconfiguration (per XT) to the Delta-V
Mode Level O Configuration. The Spacecraft Power Load is already at a
minimum from the previous Standby Mode configuration in which
instruments and some housekeeping equipment am powered OFF. The SCC
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3.4.4.2

K

will be in control of Spacecraft activities and will be issuing stored
commands from its stored command table (SCT).

Verify that SCC has commanded power to the propulsion subsystem for
initialization and warm-up.

Verify that the appropriate parameters have been distributed to the propulsion
subsystem so that the appropriate algorithm can be implemented. Verify
re-pressurization of tanks has occurred if requited.

Verify rate nulling on all axes.

Verify that Gyro errors are within specflcation.

Verify that filter parameters have converged to specklcation before the
Spacecraft reaches the third apogee.

Verify that ACS thruster bums achieved the appropriate Spacecraft attitude
for Spacecti”t boost maneuver.

Verify that the latch valves are open.

Verify that engine valves open on command.

Initialize and verify that apogee bums are starting within 30° to 60° before
and ending within 30° to 60° after apogee.

Command Spacecraft mode transition from Delta-V to Standby Mode.

Verify the delta-v’s for each of the thruster bums.

Verify coarse earth pointing.

Verify attitude parameter convergence.

Verify orbit circularization upon completion of the last thruster bum.

Verify final orbit altitude (705Km).

Ver@ that the latch valves are closed.

Operational Initialization Phase Delta-V Mode Operations

Spacecraft Delt+V operations will continue into the Operational Initialization Mission Phase. The
Delta-V Modcwillbe usedtoperform a drag make-up, and orbit adjustments. Fine attitude poiruing
and orbit correction will be performed in this phase as described below

● Aquite and verify appropriate navigation and inclination bum data from the
Flight Dynamics Facility (e.g. Spacecraft Latitude, Longitude, Pointing,
bum magnitudes and direction, etc).

● Uplink inclination bum commands to Spacecraft Sm.

“ Initiate and ver@ Spacecraft inclination bum activities.

- Verify Spacecraft acceleration vs. time during 90° yaw rotation.
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Verify Spacecraft acceleration vs. time during inclination bums.

Verify Spacecraft acceleration vs. time during -90° yaw rotation.

. Verify that the appropriate Spacecraft inclination (98.2° ) has been achieved.

. Command GN&C mcde change from Coarse Pointing to Stellar Mode.

s Upload appropriate Telemetry Monitor table parameters.

. Enable Telemetry Monitor monitoring on new table parameters.

c Enable Spacecraft System Operating Mode transition into Standby Mode.

● Command Spacecraft mode transition from Delta-V to another Operational
Initialization primary mode (Standby Mode or Science Mode) based on
current Delta-V mode level. Nominally, for this phase, the transition will be
between Delta-V Mode level-l and Standby Mode.

. Verify that the appropriate data has been recorded for trend analysis.

● Compute fuel remaining, Spacecrd-t mass, and center of mass.

. Determine maneuver execution accuracy.

. Determine propulsion system efficiency.

3.4.4.3 Operational Phase Delta-V Mode Operations

The Delta-V Mode will be used periodical] y to perform occasional inclination bums, drag make-up,
and momentum unloading during the Opcr;uional Mission Phase. The Spacecraft will be configured
to Delta-V Mode Level 2, or lower level m required, prior to commencement of inclination or drag
make-up maneuvers. Typically the ground commanded transition will occur from Science Mode
into the appropriate Deha-V Mode levcI tor [he particular maneuver. Delta-V maneuvers may also
be ground commanded from any backup mcde during the Operational Phase if necessary.

For occasional inclination bums the FOT will support/perform the following tasks:

. The FDF will perform the following:

Perform orbit maneuver prediction and orbit maneuver planning

- Compute orbit maneuver start time, required Delta-V, estimated stop
time, and attitude

- Compute yaw attitude slew start and estimated stop times.

. ‘Rte FOT will upload S~ commands for the maneuver.

● The FOT will notify the Flight Dynamics Facility of their intentions to
commence the planned maneuver.

. The FOT will command the Spacecraft SCC to begin executing the
appropriate Stored Command Tabie (SCT) commands.

● The Spacecraft will autonomously reconfigure out of the Science Mode and
into the commanded Delta-V Mode. typically level-l for this type of
maneuver in this phase.
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● The FOT will verify Spacecraft recotilguration (per SCT) to the Delta-V
Mode Level 1Conf@ration. The Spacecraft Power Load is already on from
the previous Mde (Science) configuration. The SCC will be in control of
Spacecraft activities and will be issuing stored commands from its stored
command table (SCT). Science dara will not be supported during the
inclination maneuver due to the Spacecraft orientation.

. Verify that SCC has commanded power to the propulsion subsystem for
initialization and warm-up.

. Verify GN&C mode change from Stellar Mode to Coarse Pointing Mode.

. Verify that the latch valves are open.

. Verify that engine valves open on command during maneuver.

. Verify that the latch valves close on command during maneuver.

.● Initiate and verify Spacecraft inclination bum activities.

- Verify Spacecraft acceleration vs. time during 90 yaw rotation

- Verify Spacecraft acceleration vs. time during inclination bums

- Verify Spacecraft acceleration vs. time dwing -90° yaw rotation

. Command Spacecraft mode transition from Delta-V to another Operational
mode (Survival Mode, Standby Mode, or Science Mode) based on current
Delta-V mode level. Nominally, for this type of maneuver, the transition will
be between Delta-V Mode level-l and Standby Mode.

. Ver@ that the appropriate Spacecraft inclination (98.2°) has ken achieved.

. Command GN&C mode change from Coarse Pointing to Stellar Mode.

. Verify that the appropriate data has been recorded for trend analysis.

● Compute fuel remaining, Spacecrat”t mass, and center of mass.

. Determine maneuver execution accuracy.

. Determine propulsion system efficiency.

Depending on the propulsion bum magnitude and frequency and the associated impact to Spacecraft
attitude and pointing performance, science operations may be suppmed during drag make-up
maneuvers. If the drag make-up maneuvers are performed frequently, low magnitude thruster bums
can be used which has less impact on pointing performance. Nominally, the Spacecraft will be
cor@ured to Delta-V Mode Level 2 [Science data (yes)] from Science Mode for the drag make+up
rnaneuvem, so that science operations will be supported continuously throughout the maneuver.
Ground commanded transitions into lower Delta-V levels for these maneuvers will be
accornmdmed as necessary, whether they originate from Science Mode or other backup modes,
exclusive of Safe Mode. These maneuvem will be performed per standard operating procedures.

The FOT will perform all Delta-V maneuvem by standard operating prtxedums. Contingency
maneuvers will be perfotmed per contingency procedtms (ckboost and contingency retrograde
orbit), which will be determined at a later date. All maneuvers will be scheduled and approved prior
to actual procedure implementation.
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3.5.1 Functional Overview

The Science Mode is the primary mode used during the Operational Mission phase. During the
Operational Initialization Phase, it is one of several pnmmy modes. While in Science Mode, the
Spacecraft will provide the full complement of resources necessary to meet science mission
objectives during this mode. These resources include fine attitude control; high-rate data handling,
stoxage and transfer full electrical powe~ and thermal control. Science Male is used for instrument
check-out activities during the latter ~rtion of the Operational Initialization Phase because fuH
resources, including high-rate data handling, are required for this activity. (Subsystem check+ut
activities are handled from Standby Mcde in the same mission phase, prior to Instrument
check-out.) The combination of state variables are defined for this mode as Power Load (on),
Computer (SCC), Delta-V (no), Attitude (earth), and Science Data (yes).

3.5.2 Entry/Exit

Entry: Initial entry into the Science Mode will be by ground command from Standby Mode,
following successful systemhubsystem checkout during the Opemional Initialization Phase.
TYpically,during the Operational Phase, entxy into the Science ModefromDelta-V Mode or backup
modes will be by ground command following acceptable attitude and environmental conditions,
along with the necessary science data processing and communications functions.

Exit: Exit into either the Standby Mode (i.e., for quiescent/checkout operations) or Deita-V Mode
will be by ground command. Depending on the type of Spacecmft anomaly, autonomous entry into
either the Standby Mode, Sumival Mode or Sale Mode is possible. In geneml a failure which impacts
resources requtid for instrument science will put the Spacecraft into a Standby Mode; a failure
which requires signitlcam shedding of both science and housekeeping loads will put the Spacecraft
into the Survival Mode; and either a failure which renders either Spacecraft Bus computer (SCC)
inoperable or a problem (i.e., attitude emor) detected by GN&C FDIR will put the Spacecraft into
the Safe Mode. It is also possible to exit into either Survival or Safe Modes by ground command.
Ground command will initiate the transition from Operational Initialization Phase to Operational
Phase, although the Spacecraft will remain in Science Mode thratghout the transition.

Figures 6,7, and 8 illustrate the allowable mode transitions to enter or exit Science Mode. Table
xi Swmmizes criteria for transition to the Science Mode tim an initial mode (allowable e~try
point) and exit ~ the Science Mode to another mode (allowable exit point).
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Table XI. Science Mode Transition

Allowable Entry Points Initiation Criteria

Standby Mode Ground Command –Science can be supported
SuwivaJ Mode
Safe Mode
Delta-V Mode

Allowable Exit Points

Standby Mode Ground Command –Ground Criteria
Sumival Mode
Safe Mode
Delta-V Mode

Standby On–Board Logic -HGA FDIR
(Autonomous-SCC) -High Rate Sptem FDIR
Non-Time-Critical High (T13D)
Rate System Fault (TBD)

Safe Mode On-Board Logic -Loss of SCC “I’m OK”
(Autonomous) -GN&C FDIR (attitude error)

survival On-Board Logic -TMON Load Shed Criteria
(Autonomous-SCC)

3.53 Minimum Subsystem Requirements

GN&CS: The GN&CS will maintain precision earth-oriented pointing. Fine attitude
determination and navigation will be provided. The GN&CS primary navigation functions will be
supported via the use of TONS. Instrument check-out activities will be supported.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to ensure
health and safety. Full commands will be disuibuted insauments and equipment. Data will be
dist.xibuted for both Ku-band transmission and storage on the solid state recordtm (SSR). The
Spacecraft Bus data processing and distribution will be SCC/CI’IU based High-rate data handling
will be providat Ancillary data and time-tagged navigation data will be provided to sthe
instmments. Instmment check+ut activities will be supported

TCS: The TCS will maintain operating temperatures on all housekeeping equipment and
instrument-to+ pacecraft interfaces. The CPHTS will be fully operational, providing full heat
rejection for ASTER and MOPITI’. Instrument check-out activities will be supported.

EPS: The EPS will provide necessay power to operating equipment while maintaining a positive
energy balance. Essential power for operational instruments will be provided. Solar array rotation
(sun tracking) will be provided. Inst~ment check-out activities will be supported.

a
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COMMS: The COMM subsystem will maintain and reacquire (as necessary) HGA Ku-band and
S-band forward and return links with TDRSS andorGN. Both high-rate and low-rate S–band links
will be supported. The COMM subsystem will provide for the maintenance of the TONS link to
suppon fme orbit determination via TONS, and it will also support the uplink of backup ephemeris
for orbit determination, as applicable. Instrument check-out activities will be supported.

PROPS: The propulsion subsystem will support l–lb thruster operations to provide impulsive
torques for on-orbit three-axis attitude control and reaction wheel unloading. Engine valve heaters
will be enabled. Instrument check-out activities will be supported.

EAS: The EAS will provide power and data distribution for the Spacecraft via harnessing.
Instrument check-out activities will be supported.

3.5.4 Science Mode Operations

In the latter portion of the Operational Initialization Phase, the Science Mode will be used for
Instrument check-out activities.

During the Operational Phase, the FOT will perform numerous routine tasks in support of the
Science Mode. The routine FOT support tasks include:

. Spacecraft Stored Command Table Management

● Conflict Free Scheduling

● Trend Analyses

● Health & Safety Monitoring

. Real-Time Commanding

● Solid State Recorder Management

● Resource Management

● Planning& Scheduling

. Petiomumce Monitoring and Assessment

● High Rate Data System Management

3.6 !hrwival Mode

3.6.1 Functional Overview

The Sfival Mock is a minimal power or power critical mode in which only essential Spacec~t
functions (e.g., low-rote mn.rnanding/telemetry, survival heatem) will be supported. For the
End-of-Mission Phase, Survival Mode is a primary mti, in all other mission phases except
Pre-Launch, Survival Mode is a backup mode that is entered upon a power critical situation which
requires that non-essential loads be shed. Transition into the survival mode will cause non-essential
housekeeping equipment and instruments functions to power-down. The SCC will maintain full
control of the Spacecraft while in the Survival Mode. The combination of state variables for this
mode is defined as Power bad (ofI), Computer (SCC), Delta-V (no), Attitude (earth), and Science
Data (no).
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3.6.2 Entry/Exit

Entry: Autonomous transition into the Survival Mode should only occur under an extreme
circumstance that puts the Spacecraft in a power critical situation. The autonomous transition is
triggered by TMON, based on load shed criteria, including, but not restricted to, the loss of solar
array pointing or 10SSof energy balance (batteiy DOD exceeds 40%). In general, autonomous
transition into this mode will be from higher functional states such as the Science and Standby modes
and will only occur for those mission phases where Suxvival is a backup, not a primmy mode.
Ground commanded entry into the Survival Mode is possible from any system mode. The Stnwival
Mode may be entered during the transition from Safe Mode back to a higher operating state.

Exit: Exit from the Sumival Mode to a higher level or same level mode will be ground commanded.
However, autonomous exit from Sunival Mode to Safe Mode will be accomplished by on-board
loglc in tie event of ei~er a f~lum of tie SCC or an attitude control emor that exceeds FDm

thresholds.

Figures 4,5,6,7, and 8 illustrate allowable mode transitions to enter or exit Survival Mode. Table
Xl summarizes criteria for transition to the Survival Mode from an initial mode (allowable enhy
point) and exit from the Survival Mode to another mode (allowable exit point).

Table XII. Survival Mode Transitions

Allowable Entry Points Initiation Criteria

Science Mode Ground Clmmand ~round criteria
Standby Mode
Safe Mode
Delta-V Mode
Launch/Ascent Mode

Science Mode On-Board b~IC -TMON Load Shed Criteria

Standby Mode (Autonomous-SCC)

Launch/Ascent Mode

Allowable Exit Points I

Safe Mode On-Board Logic -Loss of SCC “I’m OK”
(Autonomous) -GN&C FDIR (attitude error)

b

Science Mode Ground Command -Ground criteria

Standby Mode

Safe Mode

Delta-V

Launch/Ascent Mode I
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3.63 Minimum Subsystem Requirements

GN&CS: The GN&CS will provide attitude determination and navigation. Coarse earth-oriented
pointing will be maintained andlor (reacquired as necessay. The GN&CS primary navigation
functions will tx supported via the use of TONS, or as a backup, via uplinked ephemeris. as
applicable.

C&DHS: The C&DHS will monitor Spacecraft equipment and instrument telemetry to ensure
health and sa.tety. Commands will be distributed to instruments and equipment. Housekeeping
telemetry will be distributed for both S-band transmission and storage on the solid state recorders.
The Spacecraft Bus data processing and distibutiort will be SCCK’IILJ based. Stored commands
will be distributed to initiate load shedding upon entxy to Survival Mode.

TCS: The TCS will maintain operating temperatures on operating housekeeping equipment and
survival temperatures for non-operating housekeeping equipment and instruments.

EPS: The EPS will provide necessary power to operating and survival equipment while maintaining
a positive energy balance. Essential power for instrument.. in sumival will be provided. Load
shedding will be used where necessaxy. Solar array slew and rotation (sun tracking) will be provided,
as available.

COMMS: The maintenance and reacquisition of S-band communications links with TDRSS
and/or GN will be supported through the omni antenna. The COMM subsystem will provide for the
maintenance of the TONS link to support coarse orbit determination via TONS, and it will also
support the uplink of backup ephemeris for orlit determination, as applicable.

PROPS: The propulsion system will survive in a quiescent mode, providing tank pressure and
subsystem temperature status telemetry. As necessiuy, the propulsion subsystem will support l-lb
thruster operations to provide impulsive torques foron-orbit three-axis attitude control and reaction
wheel unloading. Engine valve heaters will be enabled.

EAS: The EAS will provide power and data distribution for the Spacecmft via harnessing.

3.6.4 Survival Mode Operations

3.6.4.1 Sumhl Mode as Primary Mode

Sumiva.1Mode is the prinq mode during the End-Of-Mission Phase. Lhnited direct involve~ent
by the FOT is nemssary, assuming nominal conditions.

3.6.4.2 Survival Mode as Backup Mode

The Survival Mode is a backup mode in the event of critical power failures during the
Launch/Ascent, Orbit Acquisition Initialization, Orbit Acquisition, Operational Initialization and
Opcmional Phases. During these phases, the transition into the Survival Mode will be due to an
anomalous power condition. Table XIII lists some of the possible functional failures which can yield
a transition into Sumival Mode.
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Table XJII. Survival Mode Transition Elements

Spacecraft Functional Failure FDIR Function Comments

Power Generation and Regula- Telemetry Monitor TMON should monitor Bus
tion Failure voltage, Battery state of

charge, Bus Iodd cument, Bat-
te~ V/T level, etc.

Energy Storage Failure Telemeuy Monitor TMON should act on a Battery
Depth of Discharge of greater
than 40%

Solar Array Rotation Failure Solar Amy Algorithm Solar Army Algorithm will do
a slew of up to 180°

When an anomalous power condition signals the need to transition to Survival Mode, the on-board
Telemetry Monitor will initiate a predefmed load shed Spacecraft configuration. The SCC will
recot@ure the Elecrncal Power Subsystem for the Battery Power Conditioner (BPC) to use the
maximum charge rate and will reset the battety Voltage-Temperatum (V-T) limits.

The FOT will begin performing failure analysis (contingency) procedures to identify and isolate the
failure on-board the Spacecraft upon realization that the Spacecraft is in the Sutwival Mode. After
isolation of the failed component, the FOT will execute a recovery strategy and verify Solar Amy
auto sun tracking and normal EPS operating conditions (i.e., Bus voltage regulation at 120 Volts
_*$Zo,and proper battery energy management). Successful verifkation of these functions implies
that the EPS is capable of performing its power generation and regulation functions autonomously
and that ground initiated exit from Survival Mode may begin. To accomplish this transition properly
the FOT will:

. Monitor and verify that the SCC bdttety state of charge parameter values are
correct as compared to the EPS values

. Verify/command the SCC Power Subsystem Monitoring Algorithm to
recotilgum to the appropriate V-T cutve and suppcxt battery charging

● Verify 100% battexy state of charge before entering Spacecraft eclipse

“ Sequentially power up and initialize the loads which were shed

● Verify energy management and successful load power management

. Command the Spacecraft out of the Sutvival Mode

Off-line failure analysis will be performed during the execution of these procedures wits toexpe?dite
exit from the Swival Mode and support necessary in-depth analyses and tests where applicable.

3.7 Safe Mode

3.7.1 Functional Overview

The Safe Mode is a state in which the Spacecraft is capable of operating partially or completely
independent of the SCC depending on the problem which caused the entry into Safe Mode.
Specillcally, the Spacecraft will be considered operating in the Safe Mode as long as the attitude
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control electronics (ACE) petiorms the attitude conuol processing functions (i.e., the state variable
Computer is either ACE or ACE6CC). The other constant state variable is Delta-V (no), since it
is assumed that no maneuvers will occur while in Sate Mode (although ACS thrusters maybe used).
The possibility of performing ground commanded maneuvers in Safe Mode is not precluded by
design; however, this situation represents a major contingency scenario which is not anticipated.

The state variables which may vary are Load Power (on/oft), Attitude (earth/sun) and Science Data
(yes/no). After eliminating all possible combinations which are not applicable, nine sub-modes
exist, as summarized in Table IV. The lowest level of these (level~) is Power Load (o~, Computer
(ACE), Delta-V (no), Attitude (sun), and Science Data (no). The highest level (level-8) is Power
Load (on), Computer (ACWSCC), Delta-V (no), Attitude (earth) and Science Data (yes). The
sub-mode which the Spacecraft will autonomously enter depends upon the fault and the previous
Spacecraft mode. Once the Spacecraft is in Safe Mode, autonomous transition from levels with
higher functionality to levels with lower functionality can only occurforthose levels where the SCC
is operational (sublevels 4 through 8). The ACE aione will not contain the necessary FDIR software
to initiate the transition. When the SCC is operational, TMON and the GN&C FDIR algorithm will
trigger the necessary level transitions within Safe Mode.

The minimum functional state is called “level-O.” The SCC is not functional in this level and only
those housekeeping components connected to the Safe Hold Digital Processor (SHDP) within the
ACE, such as the attitude control actuators, will utilize ACE processing. The power, thermal, and
communications subsystems will operate without ACE support. The next higher level. “level-1”,
differs only in that ACE attitude control is earth-pointing, rather than sun-pointing. Level-2 has
sun pointing and a full power load. Level-3 has earth pointing and a full power load. Level-4 is
similar to level-O (i.e., shed load and sun pointing); however, there is now partial SCC control.
Level-5 differs from level-4 in that attitude control is earth oriented. Level- has partial SCC
control, a full power load, and sun pointing. Level-7 has partial SCC control, a full power load, and
earth pointing. Level-8, the highest level of Sate Mode, has the same configuration as level-7, but
with tie capability to suppcm science operations.

The performance requirements discussed in Section 3.7.3 address the level-O state. As the level is
increased, the Spacecraft’s functional capability and performance will also inc~ase
correspondingly. A more detailed description of the different levels of Safe Mode is given in
EOS-DN-SE&I-012, Rev. A.

The Safe Mode is a back-up mode that maybe used dutig the Orbit Aquisitkm Initialization, Orbit
Aquisiticm, Opational Initialization, Operational, and End-of-Mission phases. h

3.702“ Entry/Exit

Entry Autonomous enhy into Safe Mode can only occur under two circumstances. The fmt is the
loss of the SCC “I’m OK” signal and the second is the detection by GN&C FIXR of attitude control
parametm which are not within limits.

Autonomous Spacecraft entrance into the Safe Mode due to the fmt circumstance will only occur
if the CT’fUand/or the ACE senses the loss of “I’m OK” signal from the SCC during two consecutive
major cycles. The SCC operation is monitored by the Software FDIR, and upon failure of any one
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of the following checks, it withholds the SCC “I’m OK’: (1) Memory Check, (2) Execution llrne
Check, and (3) Command Path Test. In addition, the SCC “I’m OK will be withheld in the event
that the SCC cmshes, which might occur if (1) a software fault causes an SCC to go down, (2) an
unforeseen system fault causes an SCC to go down, (3) an operations error places the Spacecraft in
a state that the SCCS cannot control, or (4) an SCC VO semice failure occurs. Even if the SCC has
not failed, transition to Safe Mode will occur due to a failure of other C&DHS equipment (e.g. the
CTIU) or the ACE in such a manner that the SCC “I’m OK delivery to the ACE is inhibited. When
enuy into Safe Mode has occumed due to 10SSof the SCC “I’m OK”, certain sublevels of Safe Mode
then become inaccessible upon further failure. In this case, unless there was already a shed load
power condition (e.g., previous mode was Survival), it isnot possible to enter subsequent Safe Mode
levels involving a shed loa~ because the nece~ TMON functions reside in the SCC, which is
no longer functional. Similar restrictions apply to the transition, within Safe Mode, from
earth-pointing to sun-pointing. Without SCC fimctionality, autonomous entrance into subsequent
levels involving sun-pointing is impossible because the necessaryTMON functions are unavailable.
These restrictions based on SCC operability do not preclude ground commanded transition to any
level.

Autonomous entrance into Safe Mode due to the second circumstance will occur if the SCC switches
attitude control to the ACE because the GN&C FDIR detects an attitude error beyond a given
threshold. The SCC would switch attitude control to the ACE via a BDU command message if (1)
either earth sensor reports a 10ss of the earth, or (2) the dWrence between the Wo earth sensor
signals exceeds an allowable limit The thresholds which initiate autonomous transitions will vary
according to system mode, since tierent modes have diHerent minimum requirements with respect
to attitude control. Depending on the reason for the attitude emor, the ACE will switch to either
backup earth pointing or to sun pointing. The SCC will continue to petfonrt all other fimctions,
excluding attitude control, as it did prior to the transition. As long as the SCC remains functional,
TMON will be capable of initiating, as necessary, further autonomous transitions (e.g.
earth-pointing to sun-pointing or full power load to shedpowerload) within Safe Mode. The details
of the GN&C FDIR algorithm which causes entry into Safe Mode and the thmholds which trigger
it will depend on which mission phase the Spacecraft is in andlor the previous system mode in which
the Spacecraft was prior to the transition to Safe Mode. This detail is given in both
EOS-DN-SE&I-027 and EOS-DN-SE&I-012, Rev. A

The Spacecraft can be ground commanded into Safe Mode during all post-separation mission
phases.

Exk Exit ffom the Safe Mode into another mode is made by ground command folJm$mg
verification that the SCC is fictional and capable of controlling the Spacecraft adorthat the ACE
is no longer needed for attitude controL The speciilc higher level mode (nominally either Sumival,
Standby, or Science Mode) into which the Spacecraft is comrnandedwill depend not ady on ground
decision and full SCC functionality but also on the functkxtality of other Spacecraft resomes. In
other words, Spacecraft functionality at the time of the transition depends on which Safe Mode level
is cumently in effec~ In the case of a Safe Mode with a load sh~ exit can occur to Suxvival by
ground command with the load still shed, given that all other of the above conditions m met (full
SCC, no ACE).

M
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Table XIV. Safe Mode (Level O)

Allowable Entry Points Initiation

Any Mode Ground Command
1

Science Mode On-Board bgic
Standby Mode
Delta-V Mode
Swvival Mde
Launch/Ascent Mode

Allowable Exit Points

Criteria i

+round criteria

-Loss of SCC “I’m OK’”
or

-GN&C FDIR (attitude error)

1
Survival Mode Ground Command 4hund criteria
Standby Mode
Science Mode

Table XIV summarizes criteria for transition to the Safe Mode from an initial mode (allowable entry
point) and exit from the Safe Mode to another mde (allowable exit point).

3.73 Minimum Subsystem Requirements

GN&CS: ‘Ile GN&CS will provide coarse earth-oriented or suwoxiented pointing, which will
be maintained andhr reaquired horn an unknown attitude as necessagt The ACE will provide
attitude control processing. The GN&CS will be capable of performing these minimum functions
without SCC software suppofi

C&DHS: The C&DHS will provide a rmdc entry indication to each instrument. The C&DHS will
allow ground monitoring of Spacecraft equipment to ensure health and safety. Ground commanding
will be acammmdated. Data will be dismbuted for both S-band transmission and storage on the
solid state recorders. ‘he C&DHS will provide command& telemetry senices to all instruments
and subsystems, although ground commanded reconfiguration may b required to reestablish this
capability after certain ftiures.

TCS: The TCS will maintain operating temperatures on operating housekeeping equipment and
instruments, ad sumival temperatures for non+peming housekeeping equipment and
instruments. l%e ‘ICS will be capable of performing these necesary minimum functions without
SCC software cx ACE supporL At higher levels, the TCS will provide heat rejection for the
instruments using CPHI’S.

EPS: TheEPS will provide necessary power to operating and survivalquipment while maintaining
a positive energy balance. Essential power for instruments in suwival will be provided. Load
shedding will be used where necessary to transition fkom higher Safe Mode levels to lower levels.
Solar array slew and rotation (sun tracking) will be provided. ‘Ihe EPS will support reacquisition
of the solar army sun pointing horn an arbitrary orientation of the solar array. The EPS will be
capable of performing these minimum functions without SCC software or ACE support.



EOS-DN-SE&141
21.May 1993

=

COMMS: The maintenance and reacquisition of low-rate S-band communications links through
the omni antenna with TDRSS andor GN will be supported. When the SCC is non-o~rational,
the TONS link will not be supported. The COMS will be capable of performing these minimum
functions without SCC software or ACE support.

PROPS: The Propulsion subsystem will provide impulsive torques for on+xbit three-axis attitude
control, three-axis inertial attitude slews, three-axis Earth and sun acquisitions, and reaction wheel
unloading. Engine valve heaters will be enabled. The propulsion system will provide tank pressure
and subsystem temperature status telemetry. The PROPS will be capable of performing these
minimum functions without SCC software or ACE support.

EAS: The EAS will provide power and data disrnbution for the Spacecraft via harnessing.

3.7.4 - Safe Mode Operations

Table XV lists some of the possible functional failures which can yield a transitkm into Safe Mode.
These failures, among others, will yield a transition to one of nine Safe Mode levels. The FOT has
the task of supporting Spacecraft functions, resolving the anomaly, and getting the Spacecraft out
of Safe Mode. The Spacecraft state variables governing the Spacemtft modes and Safe Mode levels
are prioritized

● Attitude
Of primaryimportance, the FOT will perform tasks to get the Spaeemft in
an earth pointing attitude.

. Computer
The FOT will get the redundant (or primary) SCC on-line in order to
facilitate operations, make use of SCC functions, and have stilcient support
to perform Delta-V maneuvers if necessary.

● Power Load
The FOT will verify Power Subsystem functionality and accommodate
power to the loads which were shed.

● Sciena Data
‘W WI’ will conf@ue the Spacecraft to provide all of the resources
required to support full science dataformatting, storage, and transxnissicm. b

‘Ihble XV. Safe Mode Transition Elements

Spacecraft Functional FDIR Function Comments
Failure

Software =tXUtiOfl and Software Algorithm, ud Sccanotiy,Scc m con~l
Hardware I/O Services Hardware “I’m OKWinhibit anomaly

IAttitude Determination GN&C Algorithm IAttitudeenur, basedon mode de-
and Control pendent thresholds I
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3.8 Instrument Accommodation

This section describes the resources and commands provided to Instruments in each Spwxcrafl
system mode. Instrument operating modes are described in general terms in order 10describe how
Instrument operation modes correspond to the various Spacecraft system modes.

3.8.1 Instrument Operating Modes

In general, Instruments will have three different types of operating modes – operational mode,
survival mode, and safe mode. These three modes atE explained below:

a. The Instrument operational mode will be used during the Spacecraft Science mode, when
the Spacecraft and Instruments are performing all of the functions to fulfill the science
mission. The Instmment opmtional mode may be comprised of several operational
states (e.g. imaging, skmdby, calibration, etc.) which together comprise its full scope of
science operations.

b. The Instrument survival mode is a non-operational state in which only survival
equipment is powered. Survival mode is the Instrument’s minimal power consumption
state. It is recommended that the Instrument reconfigure itself when it transitions to
survival mode so that itwill be insensitive to possibly high incident energy levels in the
event that the Spacecraft assumes some non-nominal attitude. Such reconf@uration
might include actions such as shutting aperture doors and covers or rotating apertures
into the instrument assembly for protection.

c. The Instrument safe mode is an operational state in which the Instrument is configured
to be insensitive to non–nominal Spacecraft attitudes (as described in b above) and to
sumive a sudden loss of power without damage. Although Instrument safe mode is
essentially a non-science mcde, the Instrument may elect to continue operation of
cen.ain components (e.g. Stirling cycle coolers) in order to minimize the time required
to resume science opemtion once the Spacecti mnsitions out of Safe Mode. However,
continued power to operate these components cannot be guaranteed in the event that the
Spacecraft must transition to a lower level of Safe Mode.

3.82 Instrument Mode lkansitions

Instrument mode transitions will typically be accomplished by executing a series of RTS commands.
The command sequence may be sent by ground comman~ and in certain pnxlefined contingency
situations, the Spacemft FDIR system will autonomously send canmands to switch the Instru~ent
modes.

Three autonomous methods are available to switch the instruments to the Instrument safe mode:

c When the GN&C FDLR detects the existence of a Spacecraft attitude
condition that meets the criteria to enter Spacecraft Safe Mode, theSCC will
send an affirmative “goto safe mode” command to the Instruments.

. When the CI’IU detects the loss of the SCC “I’m OK” signal for two
consecutive major cycles, it will automatically send an affumative “goto safe
mode” command to the Instruments.
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. The Instruments will control their own transition to safe mode when they
detect the loss of the SCC “I-nl OK” signal for five consecutive major cycles.

Since the SCC retains control of the Spacecraft during Spacecraft Sumival Mode, the only
autonomous method to transition Instmments to survival mode is for the SCC to send an at-firmative
“goto survival mode” command.

In Spacecraft Suxvival Mode and in the levels of Safe Mode which require load shed, the SCC will
send commands to switch the power relays that distribute power within the Instrument, thereby
shedding all Instruments loads except survival equipment.

Instruments are required to complete the transition to safe mode or survival mode within 30 seconds
of receiving the appropriate command or detecting the loss of the SCC “I’m OK” signal. The
Spacecraft will wait for at least 30 seconds after sending these commands before shedding
instrument power loads or proceeding with safe mcxie attitude maneuvers.

3.8S Correspondence Between Instrument and Spaceerafl Operating Modes

Table XVI maps Instrument operating modes into Spacecraft operating modes.

Instruments will be in their operational mode when the Spacecraft is capable of maintaining an
earth+riented attitude and of suppl ying the tqinimum power and thermal resources to support safe
Instrument operation. The Spacecraft operating modes which meet these criteria for Instrument
operational mode are Science Mode, Standby Mode, and the highest levels of Delta-V Mode (level
2) and Safe Mode (level 8). Except for Science Mode, these Spacecraft operating modes will
probably not allow useful science data generation to continue. Science data transmission is not
suppotid during Spacecraft Standby Mode. In Delta-V Mode and Safe Mode, the Spacecraft does
not support fine pointing control, so that Instrument observation data may not meet the resolution
required for science objectives. Also, if Instruments have reconfigured to be insensitive to plume
contamination ornon-nom.inal Spacecraft attitudes on entering Delta-V or Safe Mode, science dara
collection may not be possible.

Instrument survival mode is the nominal operating mode during all phases fromPrelaunch until the
Spacecraft housekeeping subsystems have been checked out in the Operational Initialization Phase;
therefore, it is the only Instrument mode during Spacecraft Ground Test andLatmcMAscent Modes.
This mode is also the nominal instrument operating mode whenever the Spacecraft is in Sunival
Mode or when load shedding occurs in a lower level of Spacecraft Safe or Delta-V Modes. b

Instrument safe mode will only occur when the Spacecraft is in Safe Mode.
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Table XVL Instrument Operating Modes Mapped Into Spacecraft Operating Modes

Instru- Spacm-atl Operating Modes
ment Ground

Operating
Launch/ Standby Science Delta-V Survival Safe

Test Ascent
Modes

Mode Mode Mwie Mode Mode
Mode Mode

Opera-
tional X[l] x X[2] X12]

Mode

Survival
Mode x x x x x X[3]

Safe x
Mode

1]- Sciencedata transmissionis na suppmed in SpacecraftSkmdbyMode.but the Spacecraftmaintainsan
earth-aiented attitudeand providesthe powerand thermalresotucesfor safe Instrumentoperation.

2] -In the highest levelsof Delta-V Mode(level2) and Safe Mode(level8). the Spacecraftprovidesthe
resourcesfor Insuument qmation, but fine pointingcontrol is na suppcrted.

3] -in certainlevelsof SpacecraftSafe Mode,non-essential powerloadsam shed. This table assumesthat the
InstrumentsurvivalmodeconfigurationKidenucal to its safe modeccxttlgumticnafter the Spacecraft
hascommandedits power switchesto shed all loadsexceptsurvivalequipmenL

3.8.4 Rescmmes Provided to Instruments in Each Spacecraft Operating Mode

Table XVII summarizes the status of Instruments and the resourees provided to Instruments in each
Spacecti operating mode.

In all on+dit modes in which the SCC is operating, the Spacecraft FDIR system, including T’MON,
is available to monitor certain Instrument health and salety telemetry and to switch Insmtment
hardware as required for Instrument safety. (FDIR may be disabled by ground command.) The
number of Inshument parameters to be monitored by TMON will be limited and will be defined in
the C&DH Intefiaee Control Document (ICD) for each Instrument. Generally, the telemeuy
monitored by TMON should be time-critical pammeters which, if they exceed of a predefine range,
would require an autonomous response to ensure Instrument safety.

3.8.4.1 Gmmd Tkst Mode

The FOT will monitor Instrument telemetxy to verify health and safety status. Instruments wiQ be
in their sulvival mode with @y survival heaters enabled. The Spacecraft TCS will maintain all
instrument interfaces within survival temperaturelimits.

3.8.4.2 LauncMAscent Mode

Instruments will be in their survival mode with only survival heaters enabled. The Spacecmft TCS
will maintain all instrument interfaces within survival temperature limits.

During the Launch/Ascent mission phase, the FOT will monitor Instrument telemetry as it is
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received via the launch vehicle communication link to verify health and safety status. After the
Spacecraft separates from the launch vehicle, Instrument telemetry will be transmitted to the ground
via the Spacecraft S-band communication link. Once separation from the launch vehicle occurs,
TMON will monitor certain Instrument health and safety telemetry as defined in the C&DH ICD,
and the FDIR system will be capable of autonomously switching Spacecraft and Instrument
hardware to protect against time critical failures.

3.8.4.3 Standby Mode

In Standby Mode during the Orbit Acquisition Initialization and Orbit Acquisition Phases,
Instruments will be in their suwival mode with survival heaters enabled. The Spacecraft TCS will
maintain all Instrument interfaces within survival temperature ranges.

In Standby Mode during the Operational Initialization and Operational Phases, Instruments will be
in their operational mode, with the Spacecraft supplying full power and thermal nxources. Science
data handling capability (collection, distribution, or transmission) will not be provided.

At all times in Standby Mode, Instrument health and sate~ telemeuy will be transmitted via the
Spacecraft S-band communications link. As defined in the C&DH ICD, the Spacecraft FDIR
system, including TMON, will monitor certain Instrument health and safety telemetry and will
switch Instrument hardware as required for Instrument safety.

There is currently no plan to notify Instruments of transition to Standby Mode by sending a
command via the normal command pmh. Instruments will be transitioned horn sumival to
operational modes via ground command.

3.8.4.4 Delta-V Mode

There are three levels of Delta-V Mode. During all Delta-V Mode sublevels, Instrument health and
safety telemetry will be transmitted via the Spacecraft S-band communications link. % defined in
the C&DH ICD: the Spacecraft FDIR sysicm. including TMON, will monitor certain Instrument
health and safety telemetry and will switch Instrument hardware as required for Instrument safety.
The Spacecraft will enter Delta-V Mode by ground command, and Instruments may receive “goto
Survival Mode” or “goto Safe Mode” command sequences as described in sections 3.8.4.6 and
3.8.4.7, tlXptXtiVCIJf.

During Delta-V level+ Instrumentsare in theu survival mode, being powered off with covers &mt
and survival heaters enabled The Spacecraft TCS will maintain all insttutnent interfaces within
sumival temperature limits. This is the nominal mode for the orbit acquisition burns and a
contingency mode at other times.

During Delta-V level-l, Instruments are in their operational mode but the Spacecraft will not
transmit any science data. This is the nominal mode for orbit adjust maneuvers. Instruments may
reconfigure to close aperture doors or to rotate their apemwes in order to protect against
contamination. The Spacecraft will provide fu II power and thermal resources.
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During Delra-V level-2, Instruments are in their operational mode. and the Spacecraft will continue
to transmit any science data which is generdted. (’Theusefulness of the data will depend on the
Instrument’s sensitivity to pointing disturbances.) Instruments may reconfigure to close aperture
doors or to rotate their apertures in order to protect against contamination. The Spacecraft will
provide till power and thermal resources. This sublevel of Delta-V may be used during shorn
in-plane maneuvers.

3.8.4.5 Science Mode

Entry into Science Mode will be via ground command. Instruments will be configured appropriately
as part of normal ground command uploads. Full power, data, and thermal resources will be supplied
to Instruments as required for science data generation or calibration, as applicable. Instrument
health and safety telemetry will be transmitted via the Spacecraft S-band communications link. As
def@ed in the C&DH ICD, the Spacecraft FDIR system, includ@ TMON: will monitor cefiain
Instrument health and safety telemetry and will switch Instrument hardware as required for
Instrument safety. Science data handling capability (collection, distribution, or transmission) will
be provided. Spacecraft ancillary data will be provided to all Instruments. Instruments will receive
an ‘.1‘m OK” signal from the SCC once every major cycle while in Science Mode. Instrument
aperture covers will remain open, unless already closed for other reasons.

3.8.4.6 Survival Mode

Instruments will receive a command sequence, via the normal command path, to go to their survival
mode. Instruments are expected to shut down so that only sutvival equipment temains operational.
It is also recommended that instruments close aperture doors and covers or othetwise reconfigure
in order(a) to protect themselves in the event that Safe Mode (possibly sun-pointing) is enteted from
Survival Mode, and (b) to minimize heater power consumption by reducing heat 10SSthrough
apetture openings.

Instrument health and safety telemetry will be transmitted via the Spacecraft S-band
communications link. As defined in the C&DH ICD, the Spacecraft FDIR system, including
TMON, will monitor certain Instrument health and safety telemetry and will switch Instmment
hardware as required for Instrument safety. The Spacecraft TCS will maintain all instrument
interfaces within sutvival temperature limits.

3.8.4.7 Sak Mode %
Resources available to Instruments will depend on the Spacecraft Bus capability, which is reflected
by the Safe Mode sublevel in effec~ The nature of the anomaly and the actions of the FDIR system
will determine the sublevel of Safe Mode. From a housekeeping perspective, there are several
possible safe mode configurations depending upon the attitude, the statusof the SCC, and the status
of the power load. These configurations are denoted levels 0-8 and are summarized in Table IV.

One “goto Safe Mode” command will be sent to the Instruments, regardless of the sublevel of Safe
Mode which the Spacecraft enters. As an additional precaution, Instruments are required to monitor
the SCC “I’m OK” si~al and autonomously reconfigure for Safe Mode whenever this signal is
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missed for five consecutive major cycles. During Sat-eMode sublevels 4 through 8, the instrument
will continue to receive the SCC “I‘m OK” signal despite having received the “goto Safe lMode”
command.

Because neither the “goto Safe Mode” command nor the timeout of the SCC “I’m OK’ signal will
convey any infommtion about the sublevel of Safe Mode to be entered it is recommended that [he
Instruments assume the same conilguration for either indication. The Instrument safe mode
cotilguration must have survival heaters enabled and must have components contlgured such that
no damage will occur if operational power is pulled abruptly. (Survival equipment will continue
to be powered in the event that non-essential Instrument loads are shed.) It is recommended that
the Instruments reconfigure to protect themselves against the possibility that the Spacecti-t will
assume a sun–pointing or non-nominal attitude. This type of reconfiguration that protects sensors
also helps to minimize Instrument heater power consumption.

The sequence of events leading to Safe Mode will vary depending on the nature of the anomaly:

● xc Failum If the SCC fails, then the ACE assumes responsibility for
maintaining an earth-pointing Spacecraft attitude. Sensing the timeout of
the SCC “I’m OK” signal, the CTIU will send an affirmative “goto Safe
Mode” command to the Instruments. The Instruments will no longer receive
the SCC “I’m OK” signal. Without an operational SCC, further autonomous
Spacecraft reconfiguration is not possible. so that ground commands are
necessary to shed nonessential power loads or to transition to a sun pointing
Spacecraft attitude. Unless ground commands am executed, Spacecraft
attitude nnd the power and thermal resources provided to the Instruments will
remain the same as before the SCC failure. (This sequence describes Safe
Mode levels O, 1,2, and 3.)

● GN&C FIXR t~rs Earth Pointinz Safe Mod%- If the GN&C FDIR
rnggers an earth pointing Safe Mode, the SCC will send a relative time
sequence (R’IS) to the Instrument which include-san afllrmative “goto Safe
Mode” command. The SCC “I’m OK” signal will continue to go to the
Instruments because the SCC is still operating. (This sequence describes
Safe Mode levels 5,7, and 8.) b

&C~ M
. .

● ~ If the GN&C FDJR triggers
a sun-pointing Safe Mode, then the SCC sends an RI’S to the Instrument
which includes an afhtnative “goto Safe Mode” command. This RTS would
also command the ACE to sun pointing mode with the appropriate
housekeeping equipment reconfiguration, and it may include a delay
sufficient for Instrument reconfiguration. The SCC “I’m OK” signal
continues to go to the Instrument because the SCC is still operating. (This
sequence describes Safe Mode levels 4 and 6.)
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In all levels of Sti”eMode, Instrument health and safety telemetry will be relayed to the ground for
direct ground monitoring. Instruments will accept commands as available from the ground through
the CTIU and/or from on-board software via the C&DHS (SCC). Because the SCC may be
inoperational during Safe Mode, TMON and the Spacecraft FDIR system may not be available to
monitor Instmment time+ritical health and safety telemetry.

Instrument survival equipment will be powered in ail levels of Safe Mode. Although Instruments
may choose to continue to operate components other than survival equipment in their safe mode
configuration, the Spacecraft may abruptly cut off power to non-survival equipment. Due to
potentially hazardous environments (e.g., Spacecraft sun-pointing attitude), Instrument health
cannot be guaranteed if it has not reconllgured to protect its apertures.

At the highest level of Safe Mode (level-8), Instruments will be supplied full thermal and power
resources. In addition to transmitting Instrument health and safety telemetry via the S–band
communication link, TMON will be available to monitor Instrument telemetry as defined in the
C&DH ICD. Science data handling capability (collection, distribution, or transmission) will be
provided. If Safe Mode is entered autonomously, the Instruments will have reconfigured to protect
their apern.ues and will have gone to safe mode power levels. In this event, Instruments may be
ground commanded to resume their operational mode when the Spacecraft is in this highest level
of Safe Mode.

3.9 System Performance Requirements

The resources, services, and entry conditions for each Spacecraft system mode are summarized in
Table XVTII.

Key system performance requirements for each mission operating mode are provided in Table XIX.
Minimum capability for communication link utilization is summarized in Table XX. These
requirements, which include power generation, data, pointing, heat ~jection, and communication
link utilization, represent a “minimum” system capability that must be provided in a given mode.
These minimum requirements do not preclude utilizing additional Spacecraft Bus capability, if
system conditions and constraints ~rmit. This especially applies to Delta-V and Safe Mode which
have been defined as having various levels of capability, or su~modes. It also applies to Standby
Mode, which has different functional capability depending on mission phase. These requirements
may be revised as the design process continues.

Power resource budgets are shown in Table XXI. The allocations have been made at the subsystem
level and are based on Spacecmft Bus power allocations found in the April 1993 rtlease of the
Contract End Item Speci.ilcation, PS200053%. For the rationale used in deriving subsystem
allocations, refer to Appendix A.
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Table XVII. Resources Provided tothe Instruments in Each Spacecraft Operating Mode

Spacecraft Mode Instrument Status Resources Provided to Instruments

hound Test Mode ● Only survival equipment is powered ON . Ground monitorsinstrumenthctilthandsafety
Q Survival heatersenabled telemetry via T-O umbilical or Launch Vehicle
. Configured as for survival mode communictitionslink

s All instrumentinterfacesmaintnincdwithin no
operatingtemperaturelimits

.aunch/AscentMode . Only survival equipment is poweredON . Ground monitorsinstrumenthealth andsafety
“ Survival heatersenabled telemetry via Launch Vchiclc communicationslink
● Configured as for survival mode ● All instrumentinterfacesmaintainedwithin no

operatingtemperaturelimits

;tandbyMode ● Only survival equipmentduring OAI ● instrumenthealth and safety tclcmctry relayed to
Phase; otherwise, full power Icvcls ground;TMON monitorsinstrumenttclcmctry as

● Configured as for survivtil mo(.tcduring spccificclin the C&DH ICD
OAI; otherwise contigurcdas for ● All instrumentintcrfhccsmaintainc(.1within
operational mode opemting temperaturelimits

● Survival heatersenabled

lcience Mode ● Powered ON ● Instrumenthealth and safety telemetry relayed to
. Configured as for operationalmode ground;TMON monitors Instrumenttelemetry as
. Survival heatersenabled specified in the C&DH lCD

● Sciencedata handlingcapability will be provided
● All instrument interfaces maintained within

operating temperature limits

lurvival Mode c Only survival equipment is poweredON ● Affirmative “goto Survival Mode” commandwill
● Survival heatersenabled be sentto instrumentsto signal entranceto
● Configured to withstandincidentenergy Survival Mode

due to non-nominal Spacecraftattitude ● Instrumenthealth and safety telemetry rclttycdto
ground;TMON monitors tnstrumcnttclcmctry tis
specified in the C&DH ICD

● All instrumentintcrliccs maintainedwithin non-
●

operating tcmpcraturclimits



Table XVII. Resources Provided tothe Instruments in Each Spacecraft Operating Mode (cent’d)

Spacecraft Mode Instrument Status Resources Provided to Instruments

Delta-V Mode ● Only survival equipmentis . Affirmative “goto Survival Mode” command may bc
Level O poweredON sentto instrumentsto enter Delta–V Icvcl O mode

Q Survival heatersenabled ● ]nstrumcnthcidthandsafety telemetry reltiycclto
● Configured to withstandincident ground;TMON monitorsInstrument tclcmctryas

energy due to non-nominal specified in the C&DH ICD
Spacecraftattitude ● All instrument interfaces maintained within

non-operating temperature limits
Level 1 “ Full power levels . Instrument health and safety telemetry relayed (o

● Survival heatersenabled ground;TMON monitorsInstrumenttelemetryas
‘ Maybe configuredfor either spccificd in the C&DH lCD

Opcrilti(mal (w Wrviv ill mode ● All instrumentinterfacesmaintainedwithin opcriithg

Level 2
It?lllpcliiturc limits

● Full power ICVCIS s Instrument health and safety telemetry rclnyed to
● Configured as for operational ground; TMON monitorsInstrumenttelemetryas

mode specified in the C&DH ICD
“ Survival heatersenabled ● !lcicnce data hitndling capability will bc provided

● All instrumentinterfacesmaintainc(twithin opcriiting
temperaturelimits

We Mode s Configured to survive suddenloss . All instrument interfiices maintained within
of power; it may be the casethat non-operating temperatureIimits

(Levels O, 1,2, & 3) only survival equip is poweredlll s Affirmative “gotoSafe Mode” commandsentto
● Survival heatersenabled instrumentson entranceto (his rnodc,
s Configured to withstandincident “ SCC “1’m OK” signalceases.

energy due to non-nominal
Spacecraftattitude

:1] WhentheSpacecraftentersSafeMode,theInstrurnenl’sPowerSwhchcsremainin the samepositionas in [he previousmode. WhCII IhCSCC is

failed,noautonomousloadsheddingcanoccur.



Table XVIl. Resources Provided tothe Instruments in Each Spacecraft Operating Mode (cent’d)

Spacecraft Mode Instrument Status Resources Provided to Instruments

;afe Mode (continued) ● Configured to survive sudden loss . All instrumentinterfaces maintained within

Ulll
.

of power; it may be the casethat non-operating temperature limits
arth Pointin& only survival equip is powered121 “ Affirmative “goto Safe Mode” command sent

‘ Survival heatersenabled to instrumentson entranceto this mode
(Levels 5 and 7) ● Configured to withstandincident ● SCC “1’nl OK” signalcontinues10bc sent.

energy in non-nominal WC attitude

. Maybe configured for either safe . Full power resourcesare available to the lnstrumcn[s
(Level 8) mode or operationalmode ● Affirmative “gotoSafe Mode” commandsentto

● Full Power Icvets ill instruments on cntrancc to this mode. Ground
● Survival heaters enabled commands may be sent to transition the Instrument

back to opcrittional mode.
● SCC “1’m OK” signal will continue to bc sent.
● Low fidelity pointing control is maintained.
c Sciencedata handlingcapability will bc provided
● All instrumentintcrfidcesmaintained within operating

temperaturelimits

. Configured to survive suddenloss ● All instrumentinterfacesmaintained within

c lm~
. of powe~ it may be the casethat non-operating temperaturelimits

Sun Pomtmg
. . only survival equip is powered121 ● Affirmative “gotoSafe Mode” commandsent

● Survival heatersenabled to instrumentson entranceto this mode

(Levels 4&6) . Configured to withstandincident ● SCC “I’m OK” signal continues to be sent.
energy in non-nominal S/C attitude

:2] When the SpacecraftentersSafeMode,thelnsuument’spowerswitchesremainin the sameposition as in the previous mode. In Icvels of Sole
Mode in which the SCC remains operational, autonomousload sheddingmay occur as required. ~



Table XVIII. System Modes, Resources, Entry Conditions, ml Services

Mode I State Variables I sul)- I Entry Notlfieation Scrvicw 1

--fF
Load Cmssp
Shed

hound Test Yes SCC

I 1

Launch I Yes I Scx

=--L-L-, ,
Standby I No I S~

I I
Silrc No ACE

!We I
‘“e I ‘esI:%1 k

Safe I No I ACW

-=-k-E-
1 I S(X2

=Fl=

Delta- Attitude
I

Science
Mode

v Drrta I
NO WA NO N/A Nomlal Ground commnml

NO WA NO NIA Normal Ground command

NO EARTH YES NIA Normal Ground cornrnnnd

NO EARTH NO NIA Normai Ground commnod

NO EARTII NO N/A Survival Mode RTS Se{iucncc

NO SUN NO () Ground Command

N() flARTli NO I l~lck of I’m Ok henrllrcd

NO I SUN I N() I 2 I Ground Comrnnnd

NO I flARTll I NO I 3 I Lackof I’mOk hcnrttreir[

NO I SUN

I

N()

I

4 RTS (SUII poiming) nod %1’c
Mode Command

NO EARTH NO 5 RTS (EmttI pointing) Md Silf~
Mode Command

NO SUN NO 6 RTS (Sun pointing) crrd Snfc

ModeCommnnd

NO EARTH NO 7 RTS (Earslt pointing) nnd Snfe
Mode Command

NO EARTH YES 8 RTS (Eeslh pointing) cnd Snfe
Mode Gxssmaud

YES EARTH NO o Normal Ground command

YES EAR~ NO i Normal Ground command

YES EARTH YES 2 NormalGroundcommand

Verify reiidincss fnr lnunch. Power sui@icd Ihrough
T-fl umbiiical. Communicnlion Ihrough ilil~(litil~

iink.

Compiele early mission nclivilies (cnrlh ncquisilion,
S/A deployment, HGA dcpkrymenl, Nd S- imnd
communication iink acquisition)

Ali requirements

All requirements, but no scicncc dilt~ Xmission

Survivrd Icvel power nnly

Survival power ievcis, suI) pointing

Survivnl prrwer Icvels, low prvcisinn L!illlll pig.

Fuli power, sun poinling

I:ull power, low prccisinn ciulh poinling

Survivnl power ievcls, sun poinling. SCC ol)Clillil)g

M ACE controls al[itucic

Survivni power levels, low precision c;ulh poinling,
SCC opcrnting but ACi3 contrwls nlliludc

WI power nvailidsic, sun poinlinu. !-XC OIXI:II ink
but ACE conirois ir!litudc’ ‘“ “ -

FuII power nvnilnblc, low precision tmIIh puinling,
SCC operirling but ACE conwuis n!liludc

Full power irvniinble, low precisiun ~itlilt pointing.
SCC operating but ACE controls nllitudc, rnny
conlimse 10 take science dilt~

Survivni power icvcls, Iuw plucisioil IMI(II pig.

Fuli f%wer nvaihrble, low precision crrnil pointing

Full Power nvailoble, low Prccisiwl callh pointing,
continue to trike science dnhr



Table XIX. EOS-AM Key Performance Requirements I
Mm
:0

Ground ‘Launch/ Standby I)c[ta-v Mode Sclcncc Mo(1c Survival StIfc M()(lc @g

IkSt Ascent Mode
Icvcl 2 level o 1101. I?OL Mo(1c

Mode Mode
ltnrth- sun- 5Z

Pointiug Pointing
Icvd 8

“K
level o -

Power Gencratlon TBDIII TBD 2666 W 2i317W TBD 2650 W 2529 W TBD 2650 W TB D ~

(Average)

Data Storage 384 Mbits 384 Mbits 384 Mbits i 40 Gbhs 384 Mbits 140 Gbits i 40 Gbi[s 384 Mbils i 40 Gbi!s 384 Mbits

Science Data NIA NIA WA 150Mbps N/A I 50 Mbps 150 Mbps NIA 150 Mbps N/A
Throughput

C&DH Data Pro. Yes Yes NIA Yes Yes Yes Yes Yes Yes Y(X
cesslngCapabilky

Polntlng Accuracy NIA WA NIA TBD Nltl 150arc- i 50 mc- iWA TBD N/A
at Instrument In- set zero- scc7.ero-

tcrfacc t-peak, lo-peak,
30 30

Polntlng Knowl- NIA NIA NIA TBD N/A 90 arc-see 90 arc-see N/A TBD NIA

edge at Mstrumcnt zcro-to- zero-to-
lntcrfacc peak, 3cJ penk, 30

HGA Polntlng Er- NIA NIA 0.4 deg. 0.4 deg, NIA 0.4 deg, 0.4 dcg, NIA 0,4 deg. N/A
mr 30/axis 30/axis 3cr/axis 30/axis 30/axis

CPHTS Heat Re- NIA N/A Yes Yes N/A Yes Yes NIA Yes N/A

Jcctlon

[1] - Power supplied by T-O umbilical ‘f

N/A - NoI applicable to operating mode I



I Table XX Communications Link Utilization (Minimum .Capability) 1
Ground Launctd Standby Delta-V Mode Sclemc Mode !Jhrvivni Snfc Mo(ic

‘m?t Ascent Mode levei 2 kvei O IIOL IIOL Mo(ic
Mode Mode lhrtik Sun-

l’ointing l’ninting
iWCi 8 i(wci o

TONS NIA NIA NR NR NR Yes Yes NR NR NR

TDRSS Forward

SSA NIA N/A 125 bps 10 Kbps 125 bps iO Kbps 10 Kbps i25 bps io Kbps 125 bps

SMA N/A NIA NR I Kbps NR I Kbps I Kbps N/A 1 Kbps NR

TDRSS Return

SSA NIA NIA 1 Kbps12i 272 Kbps 1 Kbpsi2i 272 Kbps 272 Kbps 1 Kbps12i 272 Khps I KiIpS12i

SMA NIA NIA NR i6 Kbpsi21 N/A i6 Kbpsizi i6 i@x12i NIA 16 Kbid21 NR

KSA NIA NIA NR 150 Mbps N/A 150 Mhps 150 Mbps N/A i 50 Mbps N i{

CN (S-band) I
Forward N/A 2 Kbps 2 Kbps 2 Khps 2 Kbps 2 Kbps 2 Kbps 2 Kbps 2 Khps 2 Kbps

Return N/A 528 Kbps 528 Khps 528 i(bps 528 Kbps 528 Kbps 528 Kbps 528 Khps 528 KiIps 528 Kbi)s

HARDLINE (to GSE)

Forward 2 Kbps NIA N/A NIA NIA NIA N/A N/A N/A N/A

Return 16 Kbps NIA NIA NIA N/A NIA NIA NIA N/A N/A

HARDLINE (to LV)

Forward N/A NIA NIA NIA NIA NIA NIA N/A NIA NIA

Return NIA I Kbps NIA NIA NIA N/A NIA NIA NIA N/A

Direct AccessSystem (X-band).

Direct Broadcast NtA NIA NIA 15 Mbps NIA 15 Mbps i5 Mbps N/A i5 Mhps N/A

DB/DDL NIA NIA N/A 105 Mbps NIA io5 Mbps 105 Mbps NIA i 05 Mhps NIA !3

Direct Playback NIA N(A NIA Y’i50 Mbps NIA 150 Mbps 150 Mbps NIA i 50 Mbps N/A a

[i] - PowersuppliedbyT-O umbiiicai

[2] - Oniy We Q channel is required. ii

N/A - Not applicabletooperatingmode; NR - Not rcquirwl as minimunl capability for mode, but my be avaiiddc at higlwl ICVCISof Iunction;lii[y wilhin IIIC nmdc
$&



I Table XXI. Power Resource Allocation [Watts]ill I
Subsystem

GN&CS

C&13HS

TCS[31

EPS

COMM

PROPSldl

SMS

EASISI

Unallocated
Itcscrvc

mud
Housekeeping

Bus

Instruments

Total
Spacecraft

Requirement

II ‘tltese allocation

2) These allocatia

3) The power allm
,ncemode. all TCS

Ground
‘ll?St

Mode[l]

T
211

56(TBR)

180
94

37

0
5

NIA

762

Launch/ Standb
Y

Delta-V Modc[ l] Science Modc121 Survivai !%fcModc12i
Ascent Modci t Icvci 2 level O IIOL Modc[21

Mode! tl EOL Eurth- sun-
(Snax) (rein) Point ing Pointing

icv 8 (nutx) icv O (rein)

220 220 220 220 220 220 i 76 220 176

211 373 360 2il 360 360 211 360 2il

56(TBR) 296(TBR) 296(TBR) 780(TBR) 296(TBR) i 50(TBR) 780(TBR) 296(TBR) 800(TBR)

190 190 i 90 190 i90 190 i90 I90 I 80

I 74 340 340 i 74 340 340 i74 340 i 74

37 5 168 I68 5 5 5 5 .5

0 0 () o 0 0 (1 o ()

5 ~ .5 5 5 5 5 5 5

N/A NIA N/A NIA NIA 65 NIA N/A NIA

893 1429 i579 1748 1416 i335 1541 i416 155i

m m

TBD TBD 1195 i195 TBD 1195 ii95 TBD ii95 TBD

TBD TBD 2624 2774 TBD 261i 2530 TBD 26ii TBD

N/A NtA NIA NIA N/A NIA 2530 N/A N/A NIA

NIA NIA NIA N/A NIA NIA o N/A N/A N/A

arethe maximumatiowabie average powel consurnptions to satisfy subsystem performance requirements for each opernting mode.

are the maximum allowable one oerbh avemge power consumption 10 satisfy subsyslem perfnrmnnce rcqu irements for cnch opcrnl ing mode.

jon forthe‘t’berrnal Controi Subsys!cm inciudes M nliocation for orbit average heater power nt Spncccrnfl dynrrmic steildy stn~c.Except for the Eel. Sci-

>wer atiocations are basedonBOL conditions. ~lese power allocations inciude power 10 opcrntc irlstrumenl tilcrmnl nccommodalion cquipnwnl whicil is

supplied by the Spa&craft Provider.

[4) me PROPS allocationsareforPmpuisionsubsystemconlporrentsIMIiY.me iic~% EpC, BDU, and FIIB in lhc propulsion n~~dllic nrc nttrihulcd IO OIIWI SIIIWICIIIS.. .

(s) The EAS power allocation is for the power requi~d 10convert IhC 120 v primnry power to 28 V powe: This IiIblc nt’ power idkti[hs k tll~iult w spccily Ihc Spwxur:tll

iond which mustbe suppiied by me EpS. power dls~rlbu~l~nharness IOSSM~r~considered tObe SIIInefflclcncy of IhC~)w~r ;uld~ieclri~fll:lccoll~lllollilliollWIINYWMNI;lthcr
umn a power iond.

.
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Appendix A.

This Appendix documents the cument rationale for the power budget in Table XXI. Component
dissipations are based on the values listed in EOS–DN-RES-025, Rev. O.

71



EOS-DN-SE&I~ 1
21 May 1993

c

EOS-SE&I-563 Rev A

To: E. Kohl Mail Stop: Date: 31 March 1993

From: H. Bond MailStop: NP-2G Phone: x-7045

Sub- Rationale for Power Allocations in 4/93 Update to CEI - Revision A

This memo documents the assumptions on which the updated version of the power allocations table
in the CEI (Table IX) is based.

FE VISIONS

The following changes were made to this table since the initial release of this memo:

EAS

The EAS power allocation increased from 1 W to 2 W, becausecumentestimatesof lossesincurred
when primary 120 V power is converted to 28 V are about 1.6 W, including the class 3 contingency
of 10%. The power distribution harness voltage drop is not included in the table of power allocations
because it is considered an inefficiency of the electrical power sybsystem (EPS), not a user load.
The EAS Performance Specification states that the power distribution harness between the PDU and
the load has a maximum loss of 2.0%.

COMM

The power of the S-band transponders has not changed, but the notation on what equipment is
operating equipment has been changed to indicate both units continuously receiving in eve~ mode.

Because COMM operation during standby mode is substantially different in the orbit acquisition
initialization phase than in other phases. maximum and minimum power levels are described. Only
the maximum level is listed in the allocation table for this mode.

C&DH

Standby mode power allocation was increased to allow for the possibility that both SCC’S may be
turned on during subsystem checkout. (Only one unit would be controlling Spacecraft functions.)

PROPS

The PMEA is operational at half of nominal power during the ground test and launch/ascent modes.

Distribution:
s. Carey D. Chalmers J. Lombardo
T. Millboume N. Nasser L. Ratteni
M. Roza c. Scott EOS file
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The TCS power allocations are based on PDR estimates of heater power consumption and HCE
power plus a 10% contingency. These values are listed as TBR because the equipment modules
(EMs) are going to change considerably from the designs analyzed for the themud PDR clue to
numerous changes to the EPS, C&DH, and other subsystems.

Instrument power allocations for ground test, launch/ascent, delta-v, survival,, and safe modes have
also been left as TBD in the table. In these modes, instrument power consumption will primarily
consist of heater power to maintain sumival temperatures. Current estimates of instrument heater
power have a high degree of uncertainty because they are based on instrument models from the
Instrument Providers which do not agree very well with the latest configurations shown in the UIIDS.
The instrument power allocations in every mode will eventually be controlled via the UIIDS, but
cument versions list values for most modes except science as TBD.

ASSUMPTIONS

The following assumptions are organized by Spacecraft mode. Unless specifically stated, assume
that all components within a subsystem are operational except those listed as being off. The EAS
allocation is constant at 2 W, and the SMS has no allccated power. All allocations are based on
cunent estimates with contingency added according to component accuracy class.

GROUND TEST MODE

GN&C:

C&DH:

(C&DH

EPs:

COMM:

PROPS:

- All equipment on. RWASare at low power (6 W each) for caging duting launch.
- Redundant TAM is in cold standby.

(Comesponds to the survival mode as speci.tied in PS20008567)
SSR has only one control unit operational, and no memo~ units are powered.

is not required to record data during ground test mode, but power is

allocated in the event that the SSR is turned on in this mode in
preparation for launch.)

SFE is non-operational.
Redundant SCC is in cold standby.

●

SAD and ADE are non+erational.

HGA is stowed with sumival heaters enabled. (Assume noheaterpowerrequimd.)
DAS is nonoperational.
S-band transponders: 1 continuous transmih 2 continuous receive
KSA modulator is nonoperational

PMEA is operational at 50% duty cycle.
Six l-lb Cat Bed Heaters are operational.
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- Pressure Transducer is on.
– All other PROP equipment is non-operational.

LAUNCI-VASCENT MODE

GN&C: - All equipment on. RWAS are at nominal power (19 W each).
- Redundant TAM is in cold standby.

C&DH: (Comesponds to the survival mode as specfled in PS20008567)

need “

Em: -

COMM: -

PROPS: -

SSR has only one data control unit opemtional, and no memoryunits are powered.
(The DCU is specified to have a minimum storage capability of 384
Mbytes, which is sufficient for storing up to four orbits wotih of
Spacecrti-t housekeeping data. Therefore, the data memory units

not be operational during launctiascent.)
SFE is non-operational.
Redundant SCC is in cold standby.

All equipment on.

HGA is non-operational with survival heaters enabled. (Assume 80 W.)
DAS is nonoperational.
S-band transponders: 1 continuoustransmit, 2 continuous receive
KSA modulator is non-operational

PMEA is operational at 50Ycduty cycle.
Six l-lb Cat Bed Heaters are operational.
Pressure Transducer is on.
All other PROP equipment is nonoperational.

STANDBY MODE

GN&C: - Redundant TAM is in cold standby.
- All tier equipment on.

C8CDH: (Corresponds to the standby mode as specified in PS20008567.) b
- All equipment on.
- Both primary and redundant SCCS are powered ON for checkou~ although only

one
unit is controlling

EPs: - All equipment on.

COMM: MAXIMUM (mission orbit)

Spacecraft functions.

- DAS: 100% duty cycle (During checkout of the direct accesssystem,fill datawill
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be used.)
- HGA 30% transmit duty cycle
- S-band transponders: 1 unit has 307c transmit duty cycle, 2 units continuous

– KSA: 1 unit 30% duty cycle, 1 unit cold standby

MINIMUM (~sfer orbit, during orbit acquisition initialization phase)
– DAS: powered OFF
– HGA: Antenna is continuously tracking, and the embedded controller and gimbal

drives are the only operational components.
S-band transponders: 1 unit has 30% transmit duty cycle, 2 units continuous

receive
- KSA: 1 unit warm standby, 1 unit cold standby

PROPS: - PIwsum Transducer is on, but all other PROP equipment is non-operational.

DELTA-V MODE

MAX

GN&C: - Redundant TAM is in cold standby.
– All other equipment on.

C&DH: (Corresponds to the science mode as specified in PS20008567)

EPs: -

COMM: -

PROPS: -

All equipment on.
Redundant SCC is in cold standby.

All equipment on.

30% HGA transmit duty cycle.
S-band transponders: 1 unit 30% transmit, 2 units continuous receive
KSA: 1 unit 30% transmit duty cycle; 1 unit cold standby
DAS: 100% duty cycle

Assumes PM Inclination Comection Mode (the mode with the greatest power.,...
:. consumption).

GN&C:

Pmsure ‘hausducer is on. b
PMMis on.
Four l-lb REAs are ftig at differentduty cycles.
Four 5-lb REAs are ftig at 100% duty cycles.
Four l-lb Cat Bed Heaters are enabled with difRrent duty cycles.

Redundant TAM is in cold standby.
All other equipment on.
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C&DH: (Comsponds to the sumival mode as specitled in PS20008567)

EPs: -

COMM: -

PROPS: -

SSR has only one control unit and no memoxy units powered.
SFE is non-operational.
Redundant SCC is in cold standby.

All equipment on.

HGA is in suxvival mode. (Assume 80 W.)
DAS is non-operational.
KSA is non-operational
S-band transponders 1 unit continuous transmit, 2 units continuous receive

Assumes PM Inclination Correction Mode (the mode with the greatest power
consumption).

Pressure Transducer is on.
PMEA is on.
Four l-lb REAs are firing at diffenmt duty cycles.
Four 5-lb REAs are fuing at 100% duty cycles.
Four l-lb Cat Bed Heaters are enabled with different duty cycles.

SCIENCEMODE

GN&C: - Redundant TAM is in cold standby.
- All other equipment on.

C&DH: (Corresponds to the science mode as spec~led in PS20008567)
- All equipment on.
- Redundant SCC is in cold standby.

ITS: - AUequipment on.

COMM - 30% HGA transmit duty cycle.
- S-band trarqcmders: 1 unit 30% transmiL 2 units continuous receive
- ~k 1 unit ~ transmit duty CYC~G 1 unit cold S@ItdbY

- DAS: 100% duty cycle
b

PROPS: - Pressure ‘Ihsduccr is on, but all other PROP equipment is n=perationd.

SURVIVALMODE

GN&C: - SSSTS are powered OFF.
- Redundant TAM is in cold standby.

76



EOS-DN-SE&1401
21 May 1993..

s

C&DH: (Corresponds to the sumival mode as specified in PS20008567)

EPs: -

COMM: -

PROPS: -

SSR has only one control unit and no memory units powered.
SFE is non-operational.
Redundant SCC is in cold standby.

All equipment on.

HGA is parked in earth-pointing safe mode orientation. (Assume 80 W.)
DAS is non-operational.
KSA is non+pemtional.
S-band transponder 1 continuous transmit, 2 continuous receive

Pressure Transducer is on, but ail other PROP equipment is non-operational.

SAFE MODE

w (sublevel 8)

GN&C: - Redundant TAM is in cold standby.
- All other equipment on.

C&DH: (Corresponds to the science mode as specified in PS2M108567)

EPs: -

COMM: -

PROPS: -

All equipment on.
Redundant SCC is in cold standby.

All equipment on.

30% HGA transmit duty cycle.
S-band transponchm 1 unit 30% transmit 2 units continuous receive
KSA 1 unit 30% transmitduty cycle; 1 unit cold standby
DAS: 1(X)%duty cycle

Pressure Transducer is on, but all other PROP equipment is ncm-operational.
=

~ (sublevel ~ b

GN&C - Ssm arc powered OFF.
- Redundant TAM is in cold standby.

C&DH: (Corresponds to the survival modeasspecifiedin PS20008567)
.? - SSR hasonly one controlunit andno memory units powered.

- SFE is ncm+prational.
- RedundantSCC is in cold standby.
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EPs: - SAD and ADE are nonoperational.

COMM: - HGA is parked in sun-pointing safe mode orientation. (Assume 80 W.)
- DAS is non-operational.
– KSA is non-operational.
– S-band transponders: 1 continuous transmit, 2 continuous receive

PROPS: - PKssure Transducer is on, but all other PROP equipment is non-operational.

b

78



PS20008567
CAGENO.4%71

28 June 1993

Performance Specification
Command and Data Handling Subsystem

for EOS-AM Spacecraft
(SP-301)

Prepared under:
Contract NAS5-32500

NASA Goddard Space Flight Center
GreenbelQ Maryland 20771

Prepared by:
Martin Marietta Corporation

Astro Space
P.O. Box 800

Princeton, New Jersey 08543-0800

DCC062693



PS20008567
28June1993

(This page intentionally left blank.)



PS20008567
28June 1993

REVISION LOG

This log identiiles those portions of this document which have been revised since the original
issue. Revised portions of each page, for the current revision only, are identiiled by marginal
striping.

Revision Paragraph Number(s) Affected Rev. Date Approval

Initial Issue 06/28/93 CNUGSR

...
m DCC062693



PS20008567
28 June 1993

(This page intentionally left blank.)

DCC062693 iv



PS20008567
28June 1993

=

TABLE OF CONTENTS

SECTION /
PARAGRAPH TITLE PAGE

1

1.1

2

2.1

2.1.1

2.1.2

2.1.3

2.2

2.2.1

2.2.2

2.2.3

3

3.1

3.1.1

3.1.2

3.1.3

3.1.4

3.1.4.1

3.1.4.2

3.1.4.3

3.1.4.4

3.1.4.5

3.1.4.6

3.1.4.7

3.1.4.8

3.1.4.9

3.1.4.10

3.1.5

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APPLICABLE DOCUMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Government Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

NASA Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Military Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other Government Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Non–Govemment Documents.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Martin Marietta Astro Space Documents . . . . . . . . . . . . . . . . . . . . . . . . .

SubcontractorDocuments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Other Non-government Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Command and Data Handling Subsystem (C&DHS)Defmition . . . . . . . .

C&DHSGlossW . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Diagrams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Command DataProcessing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Telemetry Data: Sampling, Gathering, Formatting, and Distribution . .

C&DHS Autonomous Functions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Ancillary Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SCCOKMessage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHSSafe ModeComrnanding . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Time and Synchronization Services . . . . . . . . . . . . . . . . . . . . . . . . . . .

Bus Utilization Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Science Data Handling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interface Definition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1

1

3

3

3

4

4

4

4

5

5

7

7

7

9

10

10

10

13

14

15

15

15

15

15

16

16

17

v DCC062693



ps~()()()g567
28June1993

=

TABLE OF CONTENTS (Continued)

SECTION I
PARAGRAPH TITLE

3.1.5.1

3.1.5.2

3.1.6

3.2

3.2.1

3.2.1.1

3.2.1.2

3.2.1.3

3.2.1.4

3.2.1.5

3.2.1.6

3.2.1.7

3.2.1.8

3.2.1.9

3.2.1.10

3.2.1.11

3.2.1.12

3.2.1.13

3.2.1.14

3.2.2

3.2.3

3.2.3.1

3.2.3.2

3.2.3.3

3.2.3.4

3.2.3.5

3.2.4

3.2.4.1

3.2.4.2

3.2.4.3

DCC062693

Functional Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Physical Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Major ComponentList . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Command andData Handling Subsystem Characteristics . . . . . . . . . . . . .

Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

CommandReception andDistibution . . . . . . . . . . . . . . . . . . . . . . . . .

TelemetryData:S ampling, Gathering ,Formatting and Distribution. .

Ancillary Data . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

H/KTelemetryStorage onthe SIR...... . . . . .

Bus Utilization . . . . . . . . . . . . . . . . . . . . . . . . . . .

Computing Resources . . . . . . . . . . . . . . . . . . . . .

Time Distribution and Synchronization Services

Science DataHandling . . . . . . . . . . . . . . . . . . . .

GN&CSSafe ModeSuppofi . . . . . . . . . . . . . . . .

Failure Tolerance . . . . . . . . . . . . . . . . . . . . . . . . .

Serviceability . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .

Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Orbit-AveragedPower . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .

C&DHS Operational Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTIUServices Available in Any C&DHSOperationd Mode . . . . . . . . .

C&DHS GroundTest Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Survival Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...”...

C&DHSStandby Opemtional Mode . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHSScience Operational Mode . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Initialization . . . . . . . . . . . . . . . . . . . . . . . . ...” . . . . . . . . . .

Physical Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..”......

Durability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maintainability Impact on Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

vi

17

24

25

25

25

25

29

37

37

53

54

59

60

63

69

69

70

70

70

70

72

73

73

74

74

75

75

75

75

75



PS20008567
28 June 1993

c

TABLE OF CONTENTS (Continued)

SECTION /
PARAGRAPH TITLE

3.2.5

3.2.6

3.2.6.1

3.2.6.2

3.2.6.3

3.2.7

3.2.7.1

3.2.7.2

3.2.7.3

3.2.7.4

3.2.7.5

3.2.7.6

3.3

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

3.3.6.1

3.4

3.4.1

3.5

3.5.1

3.5.2

3.6

3.6.1

3.6.2

3.7

3.7.1

Power Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Reliability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Storage Restrictions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Failure Propagation Restrictions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Redundancy Management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Environmental Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Storage, Integration and Test.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Shipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Launch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Critical Pressure Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

On-orbit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Electromagnetic Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Design and Construction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Material, Processes, Parts,andFinishes . . . . . . . . . . . . . . . . . . . . . . . . . .

Nameplates andProductMarking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Workmanship, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interchangeability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Safety . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Electrical ConnectorDesign . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . .

AttachmentofConnectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Software Documentation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Logistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Precedence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Precedence ofDesign Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Documentation Precedence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Major ComponentCharacteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Component Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

76

76

76

76

76

76

77

77

77

77

77

78

78

78

78

78

78

78

79

79

79

79

79

79

79

79

79

80

80

80

vii DCC062693



PS20008567
28June1993

=

TABLE OF CONTENTS (Continued)

SECTION /
PARAGRAPH TITLE

3.7.1.1

3.7.1.2

3.7.2

3.7.2.1

3.7.2.2

3.7.2.3

3.7.2.4

3.7.2.5

3.7.3

3.7.3.1

3.7.3.2

3.7.3.3

3.7.4

3.7.4.1

3.7.4.2

3.7.4.3

3.7.4.4

3.7.4.5

3.7.4,6

3.7.4.7

3.7.4.8

3.7.4.9

3.7.4.10

3.7.5

3.7.5.1

3.7.5.2

3.7.5.3

3.7.5.4

3.7.5.5

3.7.6

Mass, Input Power and Reliability Allocations . . . . . . . . . . . . . . . . . . .

Documents . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . ..”” ””s”””. ”.s

Sec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Memory Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Commendability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. =. . . . . . . . . . . .

Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...” .“.

C’IT U. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ......................

Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

Computing Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Intefiaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..”

Bus Data Unit(BDU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BDUSu&MinorCycleTaskProcessing . . . . . . . . . . . . . . . . . . . . . . .

Commendability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -

BDUEnvironment andI/OQuantities . . . . . . . . . . . . . . . . . . . . . . . . .

Functional Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

TimingFault . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Passive Telemetry Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Science Formatting Equipment (SFE) . . . . . . . . . . . . . . . . . . . . . . . . . . .

General Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Telemetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Solid State Recorder (SSR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

80

81

81

81

85

85

85

85

86

86

97

99

100

100

100

100

101

101

101

105

105

105

105

106

106

107

107

108

108

109

DCC062693
...VIII



PS20008567
28June1993

SECTION /
PARAGRAPH

3.7.6.1

3.7.6.2

3.7.6.3

3.7.6.4

3.7.6.5

3.7.6.6

3.7.6.7

3.7.6.8

3.7.7

3.7.7.1

3.7.7.2

3.7.7.3

3.7.7.4

3.7.7.5

4

4.1

4.1.1

4.1.2

4.2

4.2.1

4.2.2

4.2.3

4.2.4

4.2.5

4.2.6

4.2.7

4.2.8

4.3

4.3.1

=

TABLE OF CONTENTS (Continued)

TITLE

General Requirements . . . . . . . . . . . . . . . . . . . . . .

Commendability . . . . . . . . . . . . . . . . . . . . . . . . . .

Telemetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

mm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BitErrorRate . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Functional Requirements . . . . . . . . . . . . . . . . . . . .

Size . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Flight Software System (FSWS) . . . . . . . . . . . . . . .

SCC–BasedFSWS . . . . . . . . . . . . . . . . . . . . . . . .

mm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

HighSpeedSerialI/OInterfaces. . . . . . . . . . . . . .

SCC’s C&T Bus Embedded RT . . . . . . . . . . . . . .

CTIUFirmware . . . . . . . . . . . . . . . . . . . . . . . . . . .

QUALITY ASSURANCE PROVISIONS . . . . . . . . . . .

CommandandData Handling Subsystem Veritlcation

VeriiZcationPhases . . . . . . . . . . . . . . . . . . . . . . . . . .

Veri.tlcation Methods . . . . . . . . . . . . . . . . . . . . . . . .

Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ReliabilityTesting . . . . . . . . . .. ti. . . . . . . . . . . . . .

EngineeringEvaluation and TestRequirements . . . .

Acceptancetesting . . . . . . . . . . . . . . . . . . . . . . . . . .

Qualification testing . . . . . . . . . . . . . . . . . . . . . . . . .

ProtoflightTesting . . . . . . . . . . . . . . . . . . . . . . . . . .

Installation testing andcheckout . . . . . . . . . . . . . . .

Test Equipment Verification . . . . . . . . . . . . . . . . . . .

Veritlcation Conditions . . . . . . . . . . . . . . . . . . . . . . .

VerKlcation Documentation . . . . . . . . . . . . . . . . . . . . .

Responsibility forVerKlcation . . . . . . . . . . . . . . . . .

ix

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .

109

109

109

109

109

109

110

110

111

111

112

112

115

116

119

119

119

119

119

119

119

120

120

120

120

120

120

120

120



PS20008567
28 June 1993

=

TABLE OF CONTENTS (Continued)

SECTION /
PARAGRAPH TITLE

5

6

6.1

6.2

6.3

6.4

10

10.1

10.1.1

10.2

10.2.1

10.2.2

10.2.3

10.3

10.4

10.5

20

20.1

20.2

20.3

20.4

20.5

30

DCC062693

PREPARA~ON FOR DELIVERY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

PAGE

NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Acronyms and Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exceptions tothe GISand GSFC42W3-02 . . . . . . . . . . . . . . . . . . . . . . .

Requirements Traceability Matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APPENDIX I

COMMAND REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SCCCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Hardware Commands toSCC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTIUCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

cTIutocTIu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

Spacecraft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Instrument . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BDUCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SFECommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SSRCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APPENDIX 11

TELEMET’RY REQUIREMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SCCTelemetry: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CITUTelemetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BDUTelemetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SFETelemetry

SSRTelemetry

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

APPENDIX III

REQUIREMENTS CROSS REFERENCE . . . . . . . . . . . . . . . . . . . . . . . . . .

x

121

123

123

123

127

127

129

129

129

129

129

130

131

131

131

134

135

135

135

136

136

137

139

.



PS20008567
28June 1993

FIGURE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

is

16

17

18

19

20

21

22

23

24

25

c

LIST OF FIGURES

TITLE PAGE

Command and Data Handling Subsystem Blcck Diagram . . . . . . . . . .

C&DHS Functional Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Functional C&T Interfaces with Spacecraft Equipment
(BDU) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Functional C&T Interfaces with Spacecraft Instrument for an
Embedded Remote Terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHS Functional Interfaces with Spacecraft Subsystem with
Embedded Remote Terminal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

C&DHSFunctional Intetiacewith COMS . . . . . . . . . . . . . . . . . . . . . .

C&DHS Functional Interfaces with SCC–based FSWS . . . . . . . . . . . .

Time–line for Delivery of SCC–based FSWS Comman~ Data
Transfers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Relationship Between Gathering, Formatting and Transmission at
16 Kbps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Relationship Between Gathering, Formatting and Transmission at
lKbps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Data Gathered and Virtual Channel Assignment . . . . . . . . . . . . . . . . .

S-Band Tmnsponder to C&DHS Interfaces . . . . . . . . . . . . . . . . . . . . .

CLTU Timing For Input From S–Band Transponder . . . . . . . . . . . . . .

Downlink Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Umbilical Output Timing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Serial I/O Interfaces between SCCand CTIU . . . . . . . . . . . . . . . . . . .

High Speed Serial (HSS)Data Interface Diagram . . . . . . . . . . . . . . . .

High–Speed Serial Interface Timing... . . . . . . . . . . . . . . . . . . . . . . . .

SCCOKMessage and SCCOK Signal . . . . . . . . . . . . . . . . . . . . . . . .

Standard Command and Telemetry 1553BInterface Circuit . . . . . . . .

SSRRecord Interface Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SSRPlayback Interface Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Modulator Interface Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Command and Telemetry Bus Cycles... . . . . . . . . . . . . . . . . . . . . . . .

Top-Level C&DH Science Data Handling Architecture
Block Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11

18

20

20

21

21

23

28

31

31

35

38

39

41

43

43

44

45

47

49

51

51

53

55

64

xi DCC062693



PS20008567
28June1993

FIGURE

26

27

28

29

30

31

32

=

LIST OF FIGURES (Continued)

TITLE PAGE

C&DHSOperational Mode Chages . . . . . . . . . . . . . . . . . . . . . . . . . . 71

CTIU Input Ports with S–Band Transponders . . . . . . . . . . . . . . . . . . . 87

MinorCycleTiming . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...”. 99

BDUSu&MinorCycle Task Processing . . . . . . . . . . . . . . . . . . . . . . . 101

Minor Cycle Synchronization.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Minor Cycle Drift 0ver32 MinorCycles . . . . . . . . . . . . . . . . . . . . . . . 103

TelemetryProcessing Time.... . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 104

DCC062693 xii



PS20008567
28 June 1993

T~LE

I

II

HI

Iv

v

VI

VII

VIII

Ix

x

XI

XII

XIII

XIv

xv

XVI

XVII

XVIII

XIx

xx

XXII

XXIII

XXVI

XXVII

XXVIII

Xx(x

c

LIST OF TABLES

PAGE

Functional Intetiaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Major Components . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Return(Telemetry) Links . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

S–Band Transponder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

High-Speed Serial Interface Modes . . . . . . . . . . . . . . . . . . . . . . . . . . .

MIL-STD-1553B Mode CcdeUtilization . . . . . . . . . . . . . . . . . . . . . .

Minor Cycle Tasks andFrequency ofOccurrence . . . . . . . . . . . . . . . .

C&T RTSubaddress Assignments . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BDUTelemetry Control Word . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

LRSScience Bus Address Assignment . . . . . . . . . . . . . . . . . . . . . . . . .

Science Data Links . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Orbit Average Power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Subsystem Operational Modes vsSpacecraft Operational Modes . . . .

Subsystem Operational Modesvs C&DH ComponentPower State . . .

C&DHS Allocations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Functionality ofSCC ‘s Operational States . . . . . . . . . . . . . . . . . . . . .

Forward Link Service Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

UplinkCommand Data Transfer(CLTU) Processing . . . . . . . . . . . . . .

Command Distribution, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTIUC&T RTSubaddresses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTIUCommandExecution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Veri.tlcation ofElectronic Interfaces . . . . . . . . . . . . . . . . . . . . . . . . . .

Data Sampling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Data Gathering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Data Distribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

BDUEnvironments andUOQuantities . . . . . . . . . . . . . . . . . . . . . . . .

BDUOutputTable . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

CTIURelay Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Spacecraft Relay Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

InstrumentRelay Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

18

25

30

42

44

48

56

57

57

66

68

71

72

72

81

82

87

88

88

89

90

90

96

97

97

102

105

129

130

131

...
XIII DCC062693



PS20008567
28June1993

=

LIST OF TABLES (Continued)

TABLE

XXXII

XXXIII

XxxIv

TITLE PAGE

CTIUIntemal Com.mmA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 131

SCCTelemetry I.ntetiaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

CTIUTelemetry 135. . . . . . . . . . . . . . . . . . . . . . . . ...” -“””” . . . . . . . . .

xiv



PS20008567
28 June 1993

=

TBD LOG

ITEM SECTION PAGE SUBJECT RESP. DUE

TBD-1 2.1.1 3 MISR UIID (not signed) GSFC

TBD-2 2.1.1 3 MOPIT UIID (not signed) GSFC

TBD-3 3.2.1.4.4 45 High Speed Serial I/O Timing C&DHS CTCA
No +1
month

xv DCC062693



PS20008567
28June1993

ITEM SECTION PAGE

TBR-1 3.2.1 .1.3.1 27

TBR-2 3.2.5 76

TBR-3 3.2.6 76

TBRJI Table XV 81

TBR-5 Table XXVII 102

TBR-6 3.7.4.6.1.1 102

TBR-7 3.7.4.8 105

TBR-8 10 129

TBR-9 20 135

TBR LOG

SUBJECT

Restriction on relay drive command
timing

Operational voltage range

P, mission life

Component reliability

BDU Configurations

BDU Synchronization accuracy

Passive telemeuy

Command requirements

Telemetry requirements

RESP.

C&DHS

SEXZI

SE&I

C&DHS

C&DHS

C&DHS

C&DHS

C&DHS

C&DHS

DUE

S/C PDR

S/C PDR

S/C PDR

C&DH
CDR

S/C PDR
+2

months

BDU
CDR

BDU
PDR +5
months

C&DH
CDR

C&DH
CDR

DCC062693 xvi



PS20008567
28June 1993

=

1 INTRODUCTION

1.1 Scope

This specification establishes the performance, design, development, and test requirements for the
Command and Data Handling Subsystem (C&DHS) of the EOS–AM Spacecraft. These
requirements are derived from the Contract End Item Specit3cation (PS20005396) and the
documents it cites.
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2 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown, form a part of this specdlcation to the extent
specilled herein. In the event of conflict between the documents referenced below and the contents
of this specii3cation, the contents of this specitlcation shall take precedent, except as defined in
Section 3.6 herein.

2.1.1 NASA Documents

GsFc-421-l&Ol
30 October 1992

GSFC-420-0542,
Rev. B, Change #1
13 November 1992

GSFC 42&03-02
01 December 1992

GSFC-421-12-11-01
24 March 1993

GSFC42 1-12-04-01
06 November 1992

GSFC-42 1–12-12-02
15 March 1993

GSFC-422-38-05
dated (TBD - 1)

GSFC-422-414)5
dated (TBD-2)

531-TRal
October 1991

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

Requirements Document For EOS-AM Spacecraft

Performance Assurance Requirements for the EOS
Observatories

General Instrument Interface Specification for the
Earth Observing System

Unique Instrument Interface Document for the
Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER)

Unique Instrument Interface Document for the
Moderate-Resolution Imaging Spectrometer (MODIS)

Unique Instrument Interface Document for the Clouds
and the Earth’s Radiant Energy System (CERES)

Unique Instrument Interface Document for the
Multi-Angle Imaging Spectr&Radiometer (MISR)

Unique Instrument Interface Document for the
Measurement of Pollution in the Troposphere
(MOPI1’T)

Users Spacecraft Clock Calibration System
(USCCS) User’s Guide

Requirements for Soldered Electrical Connections,
Change 1

Requirements for Interconnecting Cables,
Harnesses, and Wiring

Requirements for Crimping and Wire Wrap
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NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
hnuary 1986

2.1.2 Military Documents

MIL-STD-1553B

MIL-STD-1750A

AN! WMIL-STD-1 815A
17 February 1983

MIL-STD-490A
04 June 1985

WSMCR-127–1
December 1989

=

Requirements for Printed Wiring Boards

Requirements for Conformal Coating and Making
of Printed Wiring Boards and Electronic
Assemblies

Requirements for Rigid Printed Wiring Boards and
Assemblies

Military Standard, Aircraft Internal Time Division
Command/Response Multiplex Data Bus

Military Standard, Sixteen-Bit Computer Instruction
Set Architecture

Ada Programming Language

Speci.flcation Practices

Western Space and Missile Center Range Safety
Regulations

2.1.3 Other Government Documents

None

2.2 Non-Government Documents

The following documents of the latest issue shown, form a part of this spectilcation to the extent
spectiled herein. In the event of conflict between the documents referenced herein and the contents
of this speci.t7cation,the contents of this specfilcation shall be considered a superseding requirement,
except as defined in Section 3.6 herein.

2.2.1 Martin Marietta Astro Space Documents

PS20005396 Contract End Item (CEI) Specification for the
EOS-AM Spacecraft, (SEP-101 )

1S20008501 General Interface Spec~lcation for the Earth
Observing System, (ICD-101)

1S20008503 EOS–AM Spacecraft To Launch Vehicle ICD
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PS20005404

1S20008658

PN20005869

20039967

20005397

20008655

20008536

20008652

20008648

20008650

8030035

20005404

PN20008664

20043119

Source:

=

Verification Spec~lcation for the Earth Observing
System, (ml 10)

Data Format Control Book, (ICD-106)

Electromagnetic Compatibility (EMC) Control Plan,
(SEP-106)

Flight Sollware Subsystem InterfaceRequirements
Document

Product Assurance Implementation Plan, (PA-1OO)

Software Management Plan, (MD-108)

EOS–AM Spacecraft Speciilcation Tree

Critical Items List, (PA-5 10)

Program Approved Parts List (PA-325)

Program Approved Materials and Processes List
(PA-46(I)

Workmanship Specification

Spacecraft Verification Plan (VRD-1OO)

Comprehensive Test Plan (VRD-105)

Ground Systems Requirements Database

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

2.2.2 Subcontractor Documents

None

2.2.3 Other Non-government Documents

EIA Std. RS–422 Electrical Characteristics of Balanced Voltage Digital
Interface Circuits

CCSDS 701.00-B-1 CCSDS Recommendation for Space Data System
June 1989 Standards. Advanced Orbiting Systems (AOS),

Blue Book, Issue–1

CCSDS 201.&B-l CCSDS Recommendation for Space Data System
January 1987 Standards. Telecommand, Part 1: Channel Service,

Architectural Specification, Blue Book, Issue-1
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CCSDS 202.O-B-1
January 1987

CCSDS 203.O-B-1
January 1987

CCSDS 301 .O-B-1
January 1987

CCSDS Recommendation for Space Data System
Standards. Telecommand, Part 2: Data Routing
Service, Architectural Spectilcation, Blue Book,
Issue-1

CCSDS Recommendation for Space Data System
Standards. Telecommand, Part 3: Data
Management Service, Architectural Specflcation,
Blue Book, Issue-1

CCSDS Recommendation for Space Data System
Standards. Time Code Formats, Blue Book, Issue–1
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3 REQUIREMENTS

3.1 Command and Data Handling Subsystem (C&DHS) Definition

3.1.1 C&DHS Glossary

The following terms are defined to facilitate spectilcation of the C&DHS requirements and is
intended to be consistent with higher level documentation:

Autonomous Function: A decision–making function which is independent of human intervention
performed by hardware, fmware or software.

Command and Data Handling Subsystem (C& DHS): Includes Spacecraft Controls Computer
(SCC) except for SCC-based Flight Software Subsystem (FSWS), Command and Telemetry
Interface Unit (CTIU) (hardware and firmware), Bus Data Unit (BDU), Science Formatting
Equipment(SFE), and Solid State Recorder (SSR)

C&DHS Command: This is a command which a C&DHS component accepts, decodes and
executes.

C&DHS Provided Services: The C&DHS provides several services to Spacecraft equipment such
as synchronization and time sexvices, sampling telemetxy, gathering telemetry, distributing
telemetry, accepting and validating uplink command data transfers, accepting and validating
SCC–based FSWS command data transfers, replicating and distributing ancillary data packets,
accepting the command data containing an SCC OK message then generating and distributing the
IMOK messages, etc.

C&DHS Safe Mode Commanding: The CTIU can issue a series of safe-mode commands to
designated recipients upon command.

Command: A signal or message (series of symbols) when received will cause a predetermined
response such as (a) enabling/disabling an autonomous function by the CTIU fmware or (b)
hardware responding to a signal sent to an active analog interface by the BDU.

Command Data Transfer: This is data tmnsfer from aground controller or from the SCC–based
FSWS. It contains 1553B message to be delivered to some Spacecraft equipment. The message
content could be a command, a memory load, a table load, ancillary data, etc.

CTIU [active]: The active CTIU is powered on, does uplink command data processing and all the
functions associated with the CTIU, including being C&T Bus Controller (BC).

CTIU [standby]: The standby CTIU is powered on, does uplink command data processing, and
a limited subset of functions associated with the CTIU. It is a C&T RT. It is not a hot standby.

Data Acquisition: Data acquisition monitors of the forward link bit stream received from the
S–band transponder after RF-bit and bit lock are asserted and looks for the synchronization marked
in the Command Link Transfer Unit (CLTU).
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Decode: Interpret a data transmission message headerhrailer or a command.

Delivery Time: The time starts when the CTfU receives/accepts the message and ends when the
destination receives it. Start time for a command data transfer is defined to occur when the CTIU
has received the command whether from the forward link service or from the SCC–based FSWS.
End time: (a) for a C&T Remote Terminal (RT) is defined as the end of the minor cycle in which
the message was stored in the RT subaddress (b) for execution by the active CTIU, when the
disrnbution process transfers the command to the CTIU processor for execution.

Distribution: The active C’ITUdistributes by “giving out” the 1553B message either for delivery
to another Spacecraft element or to itself for execution based on RT address in the 1553 command
word. After gathering and formatting telemetry, the active CTIU also distributes telemetry based
on resident algorithms to various destinations such as the S–band transponders or hardlines or
SCC–based FSWS.

FSWS: Flight Software Subsystem which includes SCC-based software and CTIU fmware

Health and Safety (H&S) telemetry: The 1 kilobits per second (kbps) contingency telemetry
stream. This telemet.ty is included in the housekeeping telemetry stream.

High Rate Data Link: These high-rate point-t-point interfaces are between the Science
Equipment Formatter (SFE) and high-rate science instruments used for transmitting packetized
science data.

Hot Standby: Such a computer is fully loaded with application software, running and processing
as though it were the computer in control, and can almost instantaneously replace the computer that
is in control. There is no “hot standby” in the C&DHS.

Housekeeping (H/K) Telemetry: The 16-kbps telemetry data stream which can be transmitted in
real-time andor recorded for later playback to Communication Subsystem (COMS).

IM OK: This is,issued by the C&DHS as the result of receiving the SCC OK message from the
SCC–based FSWS. The SCC OK message is a result of a positive health check of the SCC hardwa.tt
and SCC–based FSWS.

Message: The term is reserved for a 1553B bus message.

Point-t-point Interfaces: Command and telemetry point-to-point interfaces are between the
BDU and a Spacecraft element and consist of relay drive, logic pulses, active analog, passive analog,
active hi-level, passive hi-level and serial Input/Output (l/O) interfaces

Precise Time Service: This is used by instruments. It consists of receiving a time code message
containing the Spacecraft clock data in the C&DHS and a time mark on the Time Mark and
Frequency (TM&F) bus. At the time mark, the the data in the time code message can be used to
set the internal clock.

Prime: A prime C&DHS component is powered on and is selected to be the one used operationally.

Processing: Implies a C&DHS component has acted (interpreted, computed) on information.
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Redundant: A redundant C&DHS component is the back–up for the prime. It mayor may not be
powered on.

SCC Closed Loop Data: This is data gathered by the C&DHS and sent to the SCC-based FSWS
for onboard control functions. This data comes only from the Spacecraft subsystems.

Spacecraft Equipment: This is defined to be Spacecraft subsystems and Instruments.

Standard Time Service: The user receives a synchronization service and a time code message.
At the start of minor cycle zero, the data in the time code message is used to set the internal time
of the user.

Synchronization Service: This is a 1553B mode command whose data word contains the
major/minor cycle counts. The user synchronizes their internal cycles with those of the active CTIU.

Time Mark: A signal sent over the T.M&F bus to designated recipients. The signal is coincident
with a hardware generated (in CTIU) time mark instance. This occurs every 1.024 seconds which
is also coincident with the start of each major cycle.

Time Mark Instant: The CTIU issues an interrupt every 1.024 seconds. Several events are
coincident with this time mark instant such as a major cycle begins, the time mark signal is sent over
the TM&F bus, downlink of a packet header via the S–band transponder and the PN epoch code
time–tag function.

Uplink Command Data Transfer: This is issued by the ground controller and transmitted to the
satellite. It may contain commands, memory loads, table loads, etc.

Validated Commands: These are defined as command data transfers which have been successfully
received over a communication link within the total communication path between the source and
destination. Only validated command data transfers can be delivered to the designated recipient.

3.1.2 C&DHS Functions

The C&DHS provides onboard computing resources to accomplish Spacecmft control and digital
communications in support of inter-module, intra-subsystem, and inter-subsystem data tile. It
is responsible for the baseband handling of all uplinked messages received from the COMS and for
coordinating the telemetering of all Spacecmft and Instrument-generated data to be downlinked
through the COMS or hardlines.

There are a number of services the C&DHS provides to subsystem components and Instruments to
accomplish control and communications. These services include:

a. Distribution of realtime and stored commands received from the ground controller or the
onboard software.

b. The periodic gathering and formatting of Spacecraft equipment housekeeping telemetry
for transmission to the ground and the onboard software.

c. The gathering, formatting, multiplexing, recording and playback of multiple streams of
packetized Instrument science data.
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d. The generation and distribution of synchronization, standard time and precise time
services.

e. The onboard communication of digital data between the distributed hardware and
software components of Spacecraft subsystems and between Spacecraft subsystems and
Instruments.

f. Providing the processing and software resources required for the execution and storage
of the programs and data belonging to the onboard subsystems.

g. The input and output of data fromho subsystem sensors and effecters and instruments,
including appropriate signai conditioning and conversion of signals between the analog
and digital domains.

h. Accepting the SCC-based FSWS prepared and formatted ancillary data message, then
replicating and delivering the ancillary data message to the onboard instruments and to
the ground for ground system use.

3.1.3 C&DHS Diagrams

The frost-level layout of the subsystem components on the Spacecraft is shown in Figure 1.

3.1.4 C&DHS Description

3.1.4.1 C&DHS Components

Spacecraji Controls Computer

The SCC provides control of most Spacecraft functions. There are redundant SCC processors which
implement the MlL-STD-l 750A Instruction Set Architecture. Once loaded, the active SCC’S
software provides a real-time Operating System (OS) kernel and supports the execution of
application FSWS. The software is written, to the extent possible, in the Ada programming
language. The backup SCC is in a cold-standby state, but can be simultaneously powered and host
the full software load but is never a hot standby.

Command and Telemetry Interface Unit

The CTIU is the central interface I/O component for the C&DHS. Both the standby and the active
CTIU: ( 1) provide the communication interfaces to the COMS for uplinked command data transfers,
(2) accepts and validates the uplinked command data transfers and (3) can be individually
commanded. Only the active C7TU is able to: (1) accept command data transfers from the active
SCC–based FSWS, (2) distribute command data transfers to Spacecraft equipment, (2) gather data
from the Spacecraft equipment and instruments, (4) format and distribute data to the SCC-based
FSWS, (5) distribute H/K telemetry or inclusion in the science data stream,(6) format and distribute
downlink data via the S–band transponder and (7) provide Spacecraft master time reference and
synchronization and time service.
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Figure 1. Command and Data Handling Subsystem Block Diagram
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The following CTIU intefiaces are shown in Figure 1:

a.

b.

c.

d.

e.

f.

g.

The Command and Telemetry (C&T) bus is central to transfeming the Spacecraft
equipment commands and telemetry data within the Spacecraft. This data bus is a
redundant serial “housekeeping” data bus using a Digital Time Division
Command/Response Multiplex Data Bus (MIL-STD-1553B) protocol. The active
CTfU is the C&T BC. The standby CTIU has a C&TRT interface. Any operational SCC
also has a C&T RT interface.

The active CTIU and active SCC-based FSWS utilize two high speed serial I/O
interfaces. The SCC-based FSWS transmits command data transfers to the CTIU. The
CTIU transmits H/K telemetry and SCC closed loop data to the active SCC-based
FSWS.

Each C’ITUhas a Low-Rate Science (IRS) RT intexface to the SFE for inclusion of
telemetry and ancillary data in the low–rate science data stream.

Each CTIU interfaces with the SSR for the recording and playback of the H/K telemetry
via the S-band transponders.

The CTIUS interface with COMS to receive the Master Oscillator (MO) frequency
reference.

Each CTIU interfaces with the S–band transponders for the Fonvard Link (uplink),
Return Link (downlink) Services, to support TONS doppler time-tag measurement and
provide pseud~noise (PN) time-tag measurement. The S–band transponders are the
primary downlink for real–time telemet~ and the only uplink for commands.

Each CTIU can control the TM&F bus for delivery of the time mark in support of precise
time services.

Bus Data Units

The BDU is an internally-redundant component whose function is to provide a standard set of
command and telemetry interfaces to Spacecraft housekeeping components and instruments. BDUS
are distributed throughout the Spacecraft. A BDU communicates via a C&T RT with the active
CTIU. The BDU Command and Telemet~ Execution Unit (C131J) routes MIL-STD-1553B
messages to and from the RT, performs message processing, issues effecter commands, samples and
formats sensor telemetry data for transmission to the CITU.

Standardized I/O circuit modules interface the BDU to sensors, effecters, and other units. The
interfaces permit the BDU (1) to send relay drive and logic pulse commands, (2) to deliver
commands via a serial I/O interface, and (3) to sample telemetg via BDU serial, active/passive
analog, or active/passive hi–level telemetry interfaces. The BDU provides signal conversion and
signal conditioning between the analog and digital domains.

Science Formatting Equipment

The SFE is part of the high–rate data handling system. The SFE accepts asynchronous packetized
data, as specified in the General Instrument Interface Specification (GIIS), from both the LRS bus
and multiple, redundant high-rate rate data link (HRDL) electronic interfaces. The packets are then
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assembled into Consultative Committee for Space Data Systems (CCSDS) transfer frames as
spec~led in the Data Format Control Book (DFCB), and transferred synchronously to the COMS
modulators. The SFE is capable of generating and inserting fdl frames when insufllcient data is
available to provide these ports with continuous and contiguous Channel Access Data Units
(cADU).

The SFE can route selected formatted input data to the solid state recorder, or simultaneously
directly to the COMS modulators. The SFE also routes the playback data output of the SSR to the
input of the COMS modulator for transmission.

Solid State Recorder

The SSR consists of two identical, redundant Data Controller Units (DCUS), from two identical
Data Memory Units (DMUS)and necessary unit interconnecting cables. The complete mass memory
capability is provided by the DMUSplus the local memory contained within the DCUS. In operation,
only one of the DCUS is active at a given time and it supplies power to the DMUS. The DCU contains
the recordplayback data processing, command and telemetry processing and power circuitry.

The SSR is capable of recording four simultaneous data streams from the SFE at a data stream rate
of 37.5 Megabits per second (Mbps), corresponding to an aggregate data rate of 150 Mbps. The SSR
is also capable of playing back four simultaneous data streams to the SFE at any data stream rate
up to a maximum of 37.50 Mbps, corresponding to a maximum aggregate data rate of 150 Mbps,
as determined by the data clock supplied by the SFE.

The SSR is capable of sorting and recording Spacecraft Science Data in separate logical data buffers
according to the source of the data. This capability provides for selective playback of this data.

The SSR is also capable of recording and playing back H/K Telemetry data to each one of the CTIUS.
A telemetry input data rate of 16 kbps is supported. The SSR plays back stored telemetry data at a
commanded rate of 256or512 kbps.

3.1.4.2 Command Data Processing

3.1.4.2.1 Uplink Command Data Transfers Processing

The active and standby CTIU continuously monitor the COMS uplink interfaces for command
activity. Each CTfU has its own unique Spacecraft Identification (ID). The CTIUs only process
the uplink command data transfers which contain their Spacecraft ID. All other uplink command
data transfers containing a different Spacecraft ID will be ignored.

The CTIUS process the uplink command data transfers on a fust-come basis. Uplink command
sequentiality is maintained by using the Command Operations Procedure-l (COP–1 ) protocol. The
standby CTIU can also receive commands via the C&T bus.

Both the active and standby CTIUS synchronize with the transfer frames, perform validation checks
on the transfer frames and validation checks on the messages. Each CTIU may receive uplinked
command data transfers addressed to it for decoding and execution via the uplink (Forward Link
service) or if standby, via the C&T bus.
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3.1.4.2.2 SCC-Based FSWS Command Data Transfer Processing

The active SCC-based FSWS performs command data transfer flow control and prioritization
among the command data transfers before transmitting them to the active CTIU. The active CTIU
validates the command data transfers.

3.1.4.2.3 Accep~ Decode and Distribute Command Data ‘lkansfers

The active CTIU accepts, decodes and distributes the command data transfer based on the RT
address contained in the 1553B command word. Distribution consists of either transmitting the
content of the command data transfer on the C&T bus as a message or the addressed CTIU executing
a CTIU command. Both the delivery and execution are done as scheduled tasks.

3.1.4.2.3.1 Delivery

The active CITU inserts the C&T bus message into a scheduled delivery slot and its BC transmits
the message to the recipient on the C&T bus. The 1553B command word spec~les the recipient and
the SWCWICdata storage location involved. Commands are stored in RT subaddress 1 and memory
loads are stored in RT subaddress 2. The recipient then accesses the data as required.

3.1.4.3 Telemetry Data: Sampling, Gathering, Formatting, and DMribution

3.1.4.3.1 Telemetry Sampling

Spacecraft equipment telemetry is sampled under the control of onboard tables. These tables are
modii3able during Integration and Test (I&T). The tables are also modi.tlable on-orbit. Instruments
and certain Spacecraft subsystems have internally resident sampling tables. BDUS also sample
Spacecraft equipment telemetry. The BDU receives a BDU sample schedule table per a CTIU
resident schedule and responds by sampling the data speci.tied. The sampled data is gathered per
a CTIU resident schedule.

3.1.4.3.2 Telemetry Gathering

Telemetry gathering is done by the active CTIU issuing a scheduled gather request to a C&T RT.
The recipient responds by transmitting the data from a pre-determined RT subaddress.

3.1.4.3.3 Telemetry Data Formatting

H/K telemetry, H&S telemetry, SCC closed loop data and diagnostic datastream are formatted by
the active CTIU. The H&S telemetry also appears in the H/K telemetry. The telemetry format for
each of these telemetry streams will be the same regardless of Spacecraft operational mode.

3.1.4.3.4 Telemetry Distribution

The active CTIU can be configured to distribute the H/K telemetry (1) in real–time to the S-band
transponder for transmission at 16 kbps, (2) to the SSR for recording and subsequent playback for
S–band transponder transmission at 256kbpsor512 kbps, (3) to the umbilical hardline and (4) to
the SFE via the LRS bus for inclusion in the low–rate science datastream. The quick-look flag used
by EOSDIS and is set based upon command to the CTIU.
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The active CTIU can be configured to distribute the H&S teleme~ to the S-band transponder for
transmission at 1 kbps and to the Launch Vehicle (IX) port.

The active CTIU manages the memory dump operations under the control of the ground controller.
The DFCB speciiies the Spacecraft memory dump conventions. The diagnostic data stream can be
downlinked as either a 1 kbps or 16 kbps data rate. The CITU provides fill data should memory
dump data rate be less than the downlink bandwidth.

The SCC closed loop data is transmitted to the SCC-based FSWS within 16 milliseconds of data
being gathered. The FSWS Interface Requirements Document @RD), 20039967, provides the
details.

3.1.4.4 C&DHS Autonomous Functions

All C&DHS autonomous functions can be enabled/disabled on command.

3.1.4.5 Ancillary Data

The ancillary data is prepared and formatted by the SCC-based FSWS and transmitted once every
1.024 msec to the active CTIU as a command data transfer. The SCC-based FSWS sets the quick
look flag in the packet as commanded. The CTIU performs the autonomous function of replicating
and delivering the ancillary data message via the C&T bus to the designated instruments per a CITU
resident schedule. The CTIU also transmits the packet to the SFE via the low–rate science bus for
inclusion in the low-rate science data stream. It is downlinked as science data.

3.1.4.6 SCC OK Message

The active SCC–based FSWS performs a health check over the SCC hardware and itself. If the
results are positive, the SCC-OK message is transmitted to the active CTIU every 1.024 seconds
as well as the IMOK logic pulse commands to Spacecraft equipment. The CTIU transmits theIMOK
serial data messages per a resident schedule to designated recipients upon the receipt of the SCC OK
message.

3.1.4.7 ***Re~em~***

3.1.4.8 Time and Synchronization Services

Both the active and standby CTIUS utilize a frequency reference from the MO in the COMS.

The CTIUs maintain a master Spacecraft clock in CCSDS day segmented format as specifkd in the
General Instrument Interface Specillcation (GIIS) and DFCB. This clock provides data for the time
code messages sent to designated recipients on the C&T bus per a CTIU resident schedule. Upon
power-up, this clock is set to a pre+efmed epoch date. Later, the ground controller issues clock
commands to set and adjust the time. Once the system is nominally running, the drift is adjusted
by sending commands to the MO to adjust its frequency. Time adjustment due to leap seconds is
handled as a ground controller command procedure described in the DFCB.
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Theactive CI’IUprovides a synchronization service. Asynchronize withdata wordis transmitted
to designated C&T users per a CTIU resident schedule every 256 millisecond. The receipt of this
mode code command and the data content is used to synchronize the users internal cycles with the
CTIU. All users are required to have this service.

The time code message contains the expected master clock time at the next time mark instant. A
time mark instant is supplied by the active CTIU every 1.024 seconds.

Standard time service consists of the synchronization service and a time code message. The user
associates the master clock time provided in the time code message with the beginning of a major
cycle.

Precise time service consists of the synchronization service, the time code message and a receipt of
a time mark on the TM&F. The time mark is coincident with the time mark instant.

3.1.4.9 Bus Utilization Table

The bus utilization table contains all CTKJ resident schedules. It ensures the C&DHS provided
services exhibit a deterministically bounded timing performance. The bus utilization table is based
on the CTIUS internal cycles. The cycles are (a) minor cycle which is 8 milliseconds, (b) major cycle
which consists of 128 minor cycles totaling 1.024 seconds and (c) master cycle which consists of
64 major cycle totaling 65.536 seconds.

3.1.4.10 Science Data Handling

The science data handling segment of the C&DHS comprises the SFE and SSR. The data is
formatted per the DFCB and multiplexed into several science streams. The science streams have
coding applied for the purpose of downlink error protection, The SFE internal]y interconnects the
science streams, inputs to the SSRS, outputs from the SSRS, and inputs to the COMS modulators.

Any Instrument engineering data transmitted across the science data interface is also considered to
be science data by the Spacecraft. In addition to science data, a copy of H/K telemeby and ancillary
data is supplied to the SFE for down link with the low-rate science data.

The Instruments transfer high–rate and low-rate science and engineering data packets. Packets are
received from high-rate instruments via HRDL science data interfaces and from low-rate
instruments via a MIL-STD-1553B bus. Each Instrument is designed to use only one type of
science data interface (i.e., low-rate or high–rate). The interface type utilized depends upon the
Instrument’s peak data output rate and is allocated in the Unique Instrument Interface Document
(uIID).

The design implements a variable length packet capability which allows for more than one packet
per Multiplexed Protocol Data Unit (MPDU), as well as packets that are split between MPDUS. The
design of HRDL supports continuous or burst bit transmission rate up to 63.5 Mbps with overhead.
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3.1.4.10.1 Low-Rate Science Bus

Any Instrument which generates science data at less than 100 kbps uses the low-rate science data
bus to transfer science data to the Spacecraft. This bus has a maximum bit rate of 1Mbps; however,
the usable throughput is in the range of S00 kbps. lXrn~ds on his bus ~ cx~erncly lowT
approximately 25 kbps for science data, plus 13 kbps for H/K telemetry, and.5 kbps for ancillary
data.

The SFE manages the polling of the instruments on the LRS bus. If a packet is ready for transfer,
the Instrument stores the number of octets in the packet in pre+lefined location of memory
accessible to its LRS RT and sets an indication in its RT’s status word. The LRS BC issues a 1553B
message to the RT. Upon ~ceipt of the polling message from the BC, the RT returns a message
containing:

a.

b.

a 1553B status word with an indicator set to indicate a packet is ready to transfer and
contains the number of ectets in the packet

or the indicator is set to indicate no packet is ready to transfer.

The SFE examines the response returned by the RT. If an RT is ready to transmit, the SFE proceeds
to transfer the information per the GIIS.

3.1.4.10.2 High-Rate Science Interface

The high–rate interface is capable of packet data transfers at 50 Mbps. The hardware interface
design prevents exceeding this data rate input to the SFE, since the Instrument output logic is tightly
coupled to the transmitter logic at this data rate. An Instrument may have more than one high-rate
interface. ●

The SFE handles each operating high speed channel in parallel and independently of the others. A
CADU is generated for each high speed channel, along with it’s unique Virtual Channel
Identification (VCID) and multiplexed with other VCID for the several streams, and sent to the
Communication Subsystem (COMS)/SSR (with the Playback (PB) bit set).

3.1.5 Interface Definition

The mechanical and elecrncal intetiaces that must exist between the major components and between

this item and other items of the Spacecraft are defined herein and in component ICDS.

3.105.1 Functional Interfaces

The functional interfaces for the C&DHS areas depicted in Figure 2 and as shown in Table I. In
general, the C&DHS provides the computational resouree for the various subsystem controls.
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Thermal Control from TCS
Structural and Mounting

Support from SMS
Ehxtrical Power from 33%
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Telemetry and Intrasubsystem

Data from all Subsystems -’l
C&DHS

Science Data and Telemetg
from Instruments -’l

Ancillary Data Packet
from SCC-based FSWS

Harnessing from EAS 4

S-band commands from COMS
and EOSDIS

Frequency reference, doppler and
PN epoch from COMS

Test Port Inputs for Commands
a

1=
Commands and Ancillary
Data to Instruments
Commands and Intrasubsystem
Data to all Subsystems and SCC-
based FSWS

1=
Formatted Data fcx S-band
Downlink to COMS and EOSDIS

Formatted Data for K-band
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Fomtatted Data for X-band
Downlink to COMS

I > Waste Heat to TCS

} > Umbilical for GSE

I ~ Launch Vehicle for ascent telemetry

r Test Pert intefiaces to SCS for
integration and test

I J

Figure 2. C&DHS Functional Interfaces

Table I. Functional Interfaces

C&DHS or
Input Source Activity WV output Destination Mode

Thermal TCS Component H/w Heat Space all
Control temperature

maintenance

Mounting SMS Structural H/w Stress structure all
support Suppcm

Electrical EPS Primary H/w Secondary Component’s all
Power voltage voltages internal

source circuitry

Telemetry and All S1S C&T bus H/w, Formatted COMS, all
Irttrasubsystem and monitoring, Slw telemetxy, Fsws, SIs
data FSWS control, commands, I-VW

telemetry ancillary data
generation

Science Data Instnt- Science data H/w Formatted data COMS science
ments formatting for Ku- and

X-band
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Table I. Functioml Interfaces (Continued)

C&DHS
Input Source Activity S“h output Destination Mode

Housekeeping Irlstru- Instrument H/w Predefine Instrument all
I’elemehy ments monitoring, cmds and and COMS

control, tlm formatted tlm
generation

Uplink COMS Routing of H/w SIC cmds and Instruments, all
Command Data commands data FSWS and
Transfer and data Spacecraft S/S

Frequency COMS Generate H/w Clock Instruments all
Reference Spacecraft frequency and and EOSDIS

clock time tagged
data

E&DHS Command and Data Handling subsystem Hnv Hardware
:MDS Commands sic Spacxzrti
COMS Communication Subsystem Sfs Subsystem
E&T Command and Tekrnetry Siw SssIiwarc
EOSDIS EOS Dam smd information System SMS Structure and Mechsnissns Subsystem
EPS Electrical Power Subsystem TCS
Fs Ws

Thesmal Control Subsysscm
Flight Software Subsystem TLM Telesncq

3.1.5.1.1 Generic Interfaces with Spacecraft Equipment

The C&DHS shall provide a functional command and telemetry interface with Spacecraft
equipment. These functional interfaces m depicted in Figures 3,4, and 5.

Commands: This is a command data transfer from the uplink or issued by the SCC-based FSWS
containing memory load initiate, memory dump initiate, and other types of commands which go to
the same RT subaddress. They are referred to as messages once they are transmitted to the C&Tbus.

The types of data transferred between the C&DHS and individual subsystem, subsystem component
or Instrument varies.

3.1.5.1.2 Communications Subsystem Interfaces

The functional interface between C&DHS and COMS, as shown in Figure 6, depicts:

[1] The C&DHS shall interface with the S-band transponders to accept: (a) uplink command
data transfers in CLTUS, (b) PN epoch pulse, (c) Doppler Integration end signal and (d)
COMS’s Doppler measurements information which is needed for TONS processing
software resident in the SCC.

[2] The C&DHS shall interface with the S-band transponders to send (a) the real-time H/K
telemetry, (b) the real-time H&S telemetry, (c) the SSR playback of the I-UKtelemetry, (d)
the diagnostic data stream to the ground, (e) and Doppler Initiate Signal.

[3] The C&DHS shall accept a frequency reference from the MO.
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Figure 3. C&DHS Functional C&T Interfaces with Spacecraft Equipment (BDU)
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Figure 4. C&DHS Functional C&T Interfaces with Spacecraft Instrument for an
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Figure 6. C&DHS Functional Interface with COMS
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[4] The downlinking of science data which includes HIK telemetry and ancillary data shalI be
through interfaces with:

a. the Ku–band modulators

b. the Direct Access System (DAS) modulators.

3.195.13 Electrical Power Subsystem Interfaces

[1] The C&DHS functional interfaces with the Electrical Power Subsystem (EPS) shall be for
primary and secondary power distribution to the C&DHS components.

[2] The C&DHS shall receive all operational and survival power from the EPS via the Electrical
Accommodation Subsystem (EAS).

[3] The C&DHS shall be designed to operate from 120 Vdc power with +/– 4% regulation.

[4] The C&DHS shall withstand EPS interface voltage levels up to 132 Vdc without damage.

3.105.1.4 Thermal Control Subsystem Interfaces

[1] The C&DHS functional interfaces with the Thermal Control Subsystem (TCS) shall be for
the temperature maintenance of the C&DHS components

[2] The C&DHS shall provide the command and telemetry communications for the TCS.

[3] The C&DHS and its components shall utilize the TCS interface as necessary for maintenance
of survival and operational temperatures.

[4] The C&DHS shall comply with Section 5, Thermal Interfaces and Section 6, Environmental
Interfaces, in the GIS, 1S20008501, regarding thermal interfaces, environmental flux
parameters, and thermal control hardware.

3.15.1.5 Guidance, Navigation and Control Subsystem (GN&CS) Interfaces

The C&DHS functional interfaces with the Guidance, Navigation and Control Subsystem
(GN&CS) shall be for the command and telemetry communications for GN&CS components.

3.13.1.6 Structure and Mechanisms Subsystem Interfaces

[1] The C&DHS functional interfaces with the Structure and Mechanisms Subsystem (SMS)
shall be for structural support of the C&DHS components and the thermal intetiace.

[2] The C&DHS shall comply with Section 4, Mechanical Interfaces, in the GIS, 1S20008501,
regarding coordinate systems, physical characteristics, design and construction, mounting,
alignment, mechanisms, dynamic characteristics, structural criteria and tooling.

3.1.5.1.7 Propulsion Subsystem Interfaces

The C&DHS
command and

DCC062693

functional interfaces with the Propulsion Subsystem (PROPS) shall be for the
telemetry communications for PROPS components.
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3.1.5.1.8 Electrical Accommodation Subsystem Interfaces

The C&DHS intetiaces with theEAS shall bethe harnesses which provide for the electrical
connections between the C&DHS andother subsystems, instmments, and test ports.

3.1.5.1.9 SCC-based Flight Software System Interfaces

The C&DHS functional interfaces, depicted in Figure 7, with the SCC–based Flight Software
System (FSWS) shall be fon

a. command and telemeuy transmission

b. reception for the various subsystem application software

c. and the reception of ancillary data.

C&DHS
f ISpacecraf

Control
CTIu I lComputerl

,1 commands Ir
II Memory Loads

Synchronization Serwce

Tne Code Message
I●

C&T BUS IN!OK
C&T

I
CONTROLLER ‘ REMOTE

Hou=keeping Telemetry ‘‘TERMXNAL

Healsh and Safety Tekmetry
Diagnoshc Memory Dump

!1 IL
HousekeepingTekmetry

{I

SERIAL Sccclosed loop data
Q

SERIAL

I/o Commands I/o
1t

JNTERFACE AncillaryDau Packet TWTERFACE
41

SCCOK Message
IF

Bus Data Unit
~ —*commands

POINT-TO-
Telemetry

POINT *
9 ~

SCC OK SI nal
JNTERFACE

. .,

See-baaed
FSWS

Figure 7. C&DHS Functional Interfaces with SCC-based FSWS
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3.1.5.1.10 Launch Vehicle (LV)Interfac~

The C&DHS functional interfaces with the LV shall be for the distribution of H&S telemetry during
launch and ascent.

The C&DHS functional interfaces with the LV umbilical shall be for the distribution of real-time
H/K telemet~ to GSE on one interface and distribution of H/K telemetry or diagnostic telemetry
to GSE on the other interface.

3.1.5.1.11 Instrument Interfaces

[1] The C&DHS functional interfaces with the instruments shall be as specfled in Sections 3,
5, 6, and 7 of the GIIS, GSFC 420-03-02, fo~ (a) point-to-point intetiaces between the
BDU and Instrument, (b) command and telemetry interface, (c) low–rate science interface,
(d) TM&F bus interface and (e) HRDL science interfaces.

[2] The C&DHS shall support the Instrument C&DHS requirements defined in the UIIDs. (See
RD appendix until UIIDs are official.)

3.1.5.1.12 EOS Data and Information System Compatibility

The C&DHS shall comply with the data format and protocol requirements specilled in the DFCB,
1S20008658. This will allow compatibility with EOS Data and Information System (EOSDIS).

3.1.5.1.13 Spacecraft Checkout Station (SCS) Interfaces

[1] The C&DHS functional interfaces with the Spacecraft Checkout Station (SCS) shall be for
integration and checkout of the C&DHS.

[2] Prelaunch integration and checkout of the Spacecraft shall be supported by incorporating
interfaces for external simulators, where appropriate.

3.1.5.2 Physical Interfaces

Similar physical interfaces shall be standardized.

3.1.5.2.1 Electrical Interfaces

[1] The C&DHS shall meet the requirements of the GIS, 1S20008501, regarding (a) ~wer, (b)
grounds, returns and references, (c) standard signal interfaces, (d) test points, and (e)
connectors and contact allocations.

[2] The C&DHS shall meet the grounding requirements of EMC Control Plan, PS20005869.

[3] The C&DHS shall utilize the EAS-provided single-point ground reference.

3.1.5.2.1.1 Test Connectors

The C&DHS shall provide test connections to:

a. the C&T bus,
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b. the TM&F bus,

c. the LRS bus.

3.1.6 Major Component Lkt

The major components of the C&DHS shall be as listed in Table II.

Table II. Major Components

Subsystem Component Qty Major Function GFP/GLP

Spacecraft Controls Computer 2 FSWS software processing resource No
(sCc)

Command and Telemetry 2 Central component for Spacecraft commanding and No
Interface Unit (CTIU) telemetry generation

Bus Data Unit (BDU)- 6 Interface to housekeeping equipment for command No
Housekeeping distributim and telemerry gathering frotnlto the

CTIu

Bus Data Unit (BDU)- 1 Interface to Propulsicm Mcxhde No
Propulsion

Bus Data Unit (BDU)- 3 Provides point-to-point interfaces for critical and No
Instrument ctilguration type commands and telemetry

Science Formatting Equipment 1 Receives, multiplexes, formats, and routes science No
(sFE) and housekeeping packets

Solid State Recorder (SSR) 1 Storage of housekeeping data for anomat y No
resolution

Storage of formatted frames prior to playback to
SFE

GFl% Government Furnished Propeny
GLP: Government Loaned Property

3.2 Command and Data Handling Subsystem Characteristics

3.2.1 Performance

3.2.1.1 Command Reception and Distribution

[1] The C&DHS shall provide the command communications for Spacecraft equipment:

a. by accepting and processing demodulated uplink command data transfers received from
the S–band transponders

b. by accepting and processing command data transfers received via the serial I/O interface
from the SCC-based FSWS.

[2] The C&DHS shall not be sensitive to the content of non-C&DH command data transfers it
(a) accepts, (b) distributes or (c)

[3] The C&DHS shall continuously

delivers.

receive and process commands at all times.

25 DCC062693



PS20008567
28June1993

=

3.2.1.1.1 Data Formats

[1] The C&DHS shall accept uplink command data transfers formatted as described in Section
5 of the DFCB, 1S20008658, with respect to the application data, data packet, the transfer
frame and the CLTU.

[2] The C&DHS shall process all command data transfers from the SCC–based FSWS which
conforms to the real-time command structures specified in Section 5 of the DFCB,
1S20008658 after removing interface protocol data.

3.2.1.1.2 Uplink Command Data Transfer

[1]

[2]

[3]

[4]

[5]

[6]

The C&DHS shall:

a. accept uplink command data transfers up to a maximum of 10 kbps

b. buffer a maximum of 25 uplink command data transfers

c. distribute up to 32 uplink command data transfers per 1.024 seconds

d. notify the ground controllers if buffer space was full.

The C&DHS shall perform all functions associated with the validation and error control of
the data received from the S–band transponder electronic interface as specilled in Section 3
and 5 of the DFCB, 1S20008658.

The C&DHS shall report in telemetry a rejected transfer frame.

The C&DHS shall report the CLCW in:

a. H/K teleme~

b. H&S telemetry

The C&DHS shall report to the SCC–based FSWS the uplink frame status, which includes
command acceptance/rejection status, command activity and Spacecraft command counts.

For uplink command data transfers, the C&DHS shall support an undetected Bit Error Rate.-
(BER) of the transported data of no greater than 1 x 10_lz, assuming the Spacecraft links
provide an underlying BER of 1 x l~s, by complying with all the requirements spec~led
in Section 3 and 5 of the DFCB, 1S20008658, including the implementation of CCSDS Path
Packet Service with grade of semice 2.

3.2.1.1.3 Command Data Transfer Distribution

[1] The C&DHS shall accept, decode and distribute commands as follows:

a. Each command data transfer received by a C&DHS component in the communication
path shall be validated.

b. Command data transfers which fail validation by a C&DHS component shall be reported
in telemetry.
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c. All validated command data transfers shall be delivered in their entirety.

d. All validated uplink command data transfers shall be delivered in the order the uplink
command data transfers were received by the C&DHS.

e. All validated command data transfers received from the SCC–based FSWS by the
C&DHS shall be delivered in the order the command data transfers were received by the
C&DHS to the designated recipient.

In case of conflict, the C&DHS shall distribute real-time ground-to-satellite uplink
commands before on-board commands.

The C&DHS shall decode the command destination (1553B command word) in the
command structure as defined Section 3 and 5 of the DFCB, 1S20008658, for distribution.

The C&DHS shall facilitate the loading, modifications of loads and verification of loads in
the embedded processors of Spacecraft equipment.

The C&DHS shall use a standardized convention for memory loads and memory dumps as
specified in Sections 3, 5 and 6 of the DFCB, 1S20008658, with a dedicated C&T RT
subaddresses specified in the GIIS, GSFC 420-03-02.

3.2.1 .1.3.1 Uplink Command Data Transfers Dktribution

[1] The C&DHS shall distribute validated uplink command data transfers as specified in 3.2.1.6.

[2] The C&DHS shall decode and execute real-time C&DHS commands received from ground
operations at arty rate up to 32 commands per 1.024 seconds.

[3] The C&DHS shall accept relay drives for a single component at maximum rate of once every
110 milliseconds (TBR-1).

[4] Uplink command data transfers shall be delivered to the destination within .924 seconds of
receipt by the C&DHS.

3.2.1 .1.3.2 SCC–based FSWS Command Data Transfers Distribution

[1]

[2]

[3]

[4]

The C&DHS shall accept command data transfers from the SCC–based FSWS at the rate in
keeping with the onboard command disrnbution as specitled in 3.2.1.6. The command data
transfers include commands to be delivered via the C&T bus, C&DHS executed commands,
the ancillary data packet and the SCC OK message

The C&DHS shall distribute validated SCC–based FSWS issued command data transfers as
speci17edin 3.2.1.6.

The C&DHS shall deliver SCC-based FSWS issued command data transfers (excluding the
ancillary data packet and the SCC OK) received in minor cycle N-1 to the destination in
minor cycle N+ 1. This is depicted in Figure 8.

The C&DHS shall accept, decode and execute commands destined for itself from the
SCC–based FSWS within the capability of the end hardware to execute it.
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Figure 8. Tim&line for Delivery of SCC-based FSWS Command Data Transfers

3.2.1.1.4 C&DHS Commanding

3.2.1 .1.4.1 C&DHS Command Formats

[1] The real-time command structures used for C&DHS commands shall be as specilled in
Section 5 of the DFCB, 1S20008658.

[2] The stored command structures used for C&DHS commands shall be as specified in
Section 5 of the DFCB, 1S20008658.

3.2.1 .1.4.2 Commands Executed by the C&DHS

[1] Every C&DHS autonomous function shall be enabled or disabled by command.

[2] Upon command, the C&DHS shall perform pre–planned diagnostic operations and checkout
operations of the C&DHS.

3.2.1 .1.4.2.1 Spacecraft Configuration Commands

[1]

[2]

A subset of C&DHS commands shall be utilized to modify Spacecraft contlgurations which
includes the configuration control of the C&DHS.

The C&DHS shall provide the capability to decode and execute up to 64 relay drive
commands independent of the command processing software operating in the SCCS and
independent of C&T bus operations.

3.2.1 .1.4.3 C&DHS Command Execution

[1] The C&DHS shall implement C&DHS commands as specilled in Appendix I.

[2] The C&DHS shall execute commands in order of receipt.

[3] Whenever there is a conflict between a ground operations real–time command and an
onboard real-time command, the C&DHS shall execute the ground operations real-time
command f~st.
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Execution of a C&DHS command shall be unambiguously reflected in telemetry.

A C&DHS command scheduled for delivery by the bus utilization table in minor cycle N
by the bus utilization table shall begin execution by the end of minor cycle N+l.

A C&DHS component shall:

a. ignore the receipt a relay drive command if its relay drive circuit is executing a command

b. reflect the event in telemet~.

Execution of a C&DHS command shall be reflected in telemetry no later than 8 seconds after
the execution was completed.

3.2.1 .1.4.4 Fault Tolerance

[1] No single fault shall prevent the C&DHS to accept, decode and distribute uplink command
data transfers to the Spacecraft equipment.

[2] No single fault shall prevent the C&DHS to accept, decode and distribute command data
transfers from the SCC–based FSWS to the Spacecraft equipment.

3.2.1 .1.4.5 State Comrnandability

The C&DHS and its components shall be commendable to known states regardless of earlier states.

3.2.1 .1.4.6 Toggle Command Exclusion

The C&DHS shall not implement commands which have different functionality depending on
cument state (e.g., “toggle” commands).

3.2.1 .1.4.7 Configuration

The C&DHS shall allow ground operations control of redundancy switching via commands.

3.2.1 .1.4.8 Command Safety

No single command shall place the C&DHS into a configuration from which it cannot recover.

3.2.1.2 Telemetry Data: Sampling, Gathering, Formatting and Distribution

[1] The C&DHS shall support the sampling, gathering, formatting and distribution of the
following telemetry data streams:

a. H/K telemetry

b. H&S telemetry

c. diagnostic (memory dump) data

d. SCC closed loop data.

[2] The C&DHS shall supply the telemetry data streams (Usage column) to the return link
service at the data rates as shown in Table Ill
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Table III. Return (TeIemetrv) Links--

RETURN ANTEN- DATAIL4TE USAGE
LINKSER- NA (Maximum

VICE Allowable)

Chan. Chan.
1 2

0) (Q)
TDRSS HGA 16 256 Real-Time I-UKtelemetry on 1

SSA kbps kbps Playback of H/K telemetry on Q

TDRSS omni WA 1 Contingency H&S telemetry or Diagnmtic on Q
SSA kbps

TDRSS HGA N/A 16 Real-time I-UKtelemetry on Q
SMA kbps

GN S-band Omni 16 512 Real-Time H/K telemetry
kbps kbps Playback of H/K telemetq

Hard-Line Umbilical 16 kbps Real-time H/K telemetry to GSE
1

Hard-Line UmbilicaJ 16 kbps Real-time I-UKtelemerq or Diagnostic to GSE
2

Hard-Line Launch 1 kbps H&S telemetty to Launch Vehicle
Vehicle

hund Network (GN) Ground Support Equipment (GSE)
High Gain Antema (HGA) None Applicable (N/A)
Racking and Data Relay Satellite System (TDRSS) S-band Single Access (SSA)
S-band Multiple Access (SMA)

[3] Only one C&DHS component of a redundant pair shall distribute telemetry at any one time.

[4] The C&DHS shall gather telemetry from Spacecraft equipment.

[5] H/K telemetry shall be distributed by the C&DHS:

a. to the SCC–based FSWS,

b. to the S-band transponder for real-time downlink,

c. for inclusion in low-rate science data stream,

d. recorded on a SSR for later playback via the S-band transponder.

[6] H&S telemetry shall be distributed by the C&DHS:

a. to the S-bartd transponder for real-time downlink,

b. to the LV port.

[7] The diagnostic data stream shall be distributed by the C&DHS to the S-band transponder.

[8] The SCC closed loop data stream shall be distributed by the C&DHS to the SCC–based
FSWS.

[9] The data sampling artddata gathering fora data packet forthetelemetry downlirtk shall begin
9 minor cycles before the start of a major cycle. This is shown is Figures 9 and 10 for the

H/K telemetry and H&S telemet~.
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Da
16
or
Pack;t to S-band in CADUs [8 CADUS per packet]

Figure 9. Relationship Between Gathering, Formatting and Tkrmmnissionat 16 Kbps

1 kbps H&S telemetry or diagnostic
Packet to S4and in CADUS [1 CADU per packet]

Figure 10. Relationship Between Gathering, Formatting and Transmission at 1 Kbps

3.2.1.2.1 Data Sampling

[1] The C&DHS shall only sample telemetry via a BDU for other Spacecraft equipment.

[2] The data sampling by the C&DHS shall be as specified in paragraph 3.2.1.6.

[3] The C&DHS shall sample telemetry via the BDU within an accuracy of * 100 micro-seconds
(usecs) relative to the Spacecraft clock.

3.2.1 .2.1.1 C&DHS Generated Telemetry

[1] The C&DHS shall supply telemetry for inclusion in the H/K telemetxy data stream sufficient
to

a. support normal operations so ground controllers can assess the operational state of the
C&DHS and its hardware and software components by providing (1) the cordiguration
status (including redundancy) of the C&DHS and its hardware and software
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[2]

[3]

[4]

[5]

[6]

c

components, (2) the health and safety status data, (3) supplying data indicating resource
usage, and (4) support detection of anomalous conditions which may indicate component
failures.

b. support diagnostic opmations for the analysis of anomalies to aid the ground controllers
in fault detection and correction such as (1) indications of sensed failures or anomalies
in the C&DHS and its components and (2) any corrective actions taken on-board by the
C&DHS.

c. provide C&DHS performance monitoring and checkout which allows the ground
controllers to monitor critical functions such as (1) verifying the execution of each
C&DHS command, (2) notitlcation of all autonomous switching between the C&DHS
redundant paths, (3) data transfers to and from Spacecmft subsystems and instruments,
and (4) significant events concerning the C&DHS transactions with the Spacecraft
subsystems and instruments.

d. supplying C&DHS I-UK telemetry which supports the SCC-based FSWS TMON
functions.

e. supply data to allow ground operations to determine the C&DHS’s Instrument interface
configuration and status.

f. gather telemetry from C&DHS components.

During operations in all Spacecraft modes, the C&DHS I-UKtelemetry data format shall
remain the same.

The C&DHS shall supply a fill pattern in the H/K telemetry stream for data which is not
available.

The C&DHS shall supply telemetry for inclusion in the H&S telemetry data stream sufficient
to (a) support contingency operations, (b) indicate the current mode of the C&DHS, (c)
indicate the current status of the C&DHS, (d) indicate the current con.tlguration of the
C&DHS, .(e)allow assessment and monitoring of Spacecraft and C&DHS health and safety
and, (f) report C&DHS and C&DHS component failures which may threaten Spacecraft
survival.

During operations in all Spacecraft modes, the C&DHS H&S telemetry data format shall
remain the same.

The C&DHS shall supply a fill pattern in the H&S telemetry stream for data which is not
available.

3.2.1.2.2 Data Gathering

[1] The C&DHS shall utilize the C&T bus for telemetry gathering from Spacecraft equipment.

[2] The gathering of telemetry data streams shall be as specilled in paragraph 3.2.1.6.

3.2.1 .22.1 Diagnostic Data Gathering

[1] The C&DHS shall allow diagnostic data gathering only if configured for a diagnostic data
stream.
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The C&DHS shall only permit one diagnostic data gathering operation at any one time.

The C&DHS shall only support memory dump operations of other Spacecraft equipment if
that Spacecraft equipment implements an embedded C&T RT.

The C&DHS shall begin to issue memory dump gather requests in the master cycle
subsequent to the one in which it received a command data transfer contains the memory
dump parameters as specified in Section 3 and 6 of DFCB, 1S20008658.

The C&DHS shall issue the memory dump gather requests at a rate based on the memory
dump parameters and compatible with requirements speciiled in 3.2.1.6.

The memo~ dump gathetig operation shall terminate whenever (a) the last diagnostic
gather request is issued to the Spacecmft equipment by the C&DHS or, (b) upon command
to reset the memory dump flag in the C&DHS.

3.2.1.2.3 Telemetry Data Format

3.2.1 .2.3.1 H/K Telemetry Data Format

[1] There shall be only one telemeuy format for H/K telemetry.

[2] The data content of the formatted telemetry streams shall be capable of redefinition on-orbit.

[3] The H&S telemetry shall also be included in the H/K telemetry.

[4] The telemetry format shall allow subcommutation within a major frame and a minor frame.

[5] Telemetry received from a source shall be stored as a data block beginning at a
pre-detemined location in the area reserved for data in the CADU.

[6] There shall be 8 CADUs in a packet.

[7] The first CADU shall contain the packet header.

[8] There shall be one packet every 1.024 seconds.

3.2.1 .2.3.2 H&S Telemetry Data Format

[1] There shall be only one data format for H&S telemetry.

[2] The data content of the formatted telemetry streams shall be capable of redefinition on-orbit.

[3] The telemetry format shall allow subcommutation within a major frame and a minor frame.

[4] Telemetry received from a source shall be stored as a data block beginning at a fixed location
in the area reserved for data in the CADU.

[5] There shall be 1 CADUS in a packet.

[6] There shall be one packet every 2.048 seconds.

3.2.1 .2.3.3 Diagnostic Data Format

[1] The memory dump data format shall be as transmitted by the memory dump source.

[2] The maximum number of 16-bit data words in a single memory dump block shall be 32.

33 DCC062693



PS20008567
28June1993

%

3.2.1.2.3.4 SCC Closed Loop Data Format

[1] The SCC closed loop data shall be formatted as specfled in the FSWS IRD, 200039967.

3.2.1.2.4 Telemetry Packet Format

[1] Each packet shall be formatted as described in Section 6 of the DFCB, 1S20008658.

[2] The packet in each telemetry stream shall contain a time stamp which represents the
Spacecraft Clock time.

[3] The time stamp shall be the time of the fmt time mark after the start of packet telemetry
gathering as shown in Figures 9 and 10.

3.2.1.2.5 Data Distribution

The virtual channels assignments shall be as defined in Section 3 and 6 of the DFCB, 1S20008658.
The telemetry distribution is shown in Figure 11.

3.2.1 .2.5.1 Data Distribution to SCC-Based FSWS

3.2.1 .2.5.1.1 SCC-Based FSWS: H./K Telemetry Distribution

[1] The C&DHS shall forward the I-UKtelemetry data stream to the SCC–based FSWS on
command via the serial I/O interface between the SCC and CTIU.

[2] As speci.tied in FSWS IRD, 20039967, the C&DHS shall (a) provide the additional
supporting data needed by the SCC–based FSWS, (b) add the specilied message protocol,
and (c) deliver the message per the message delivery performance requirements.

3.2.1 .2.5.1.2 SCC-Based FSWS: SCC Closed Loop Data Distribution

[1] The C&DHS shall forward the SCC closed loop data stream to the SCC–based FSWS on
command.

[2] The C&DHS shall transmit SCC closed loop data via the serial I/O interface between the
SCC and CTIU.

[3] In accordance with FSWS IRD, 2003996, the C&DHS shall (a) provide the additional
supporting data needed by the SCC–based FSWS, (b) add the specilled message protocol,
and (c) deliver the message per the message delivery performance requirements.

3.2.1 .2.5.2 Science Data Stream: H/K Telemetry Distribution

[1] The H/K telemetry packets shall be included in the low–rate science data stream.

[2] The H/K telemetry packet shall be available for transmission within 512 milliseconds of
completion of its genemtion

[3] Upon command, the C&DHS shall set the quick-look flag in the H/K telemetry packet until
commanded to reset the quick-look flag.

34DCC062693



PS20008567
28June1993

c

Data Gathered from the Spacecraft Subsystems and Instruments
via the Command kmd Telemetrv Bus

i
1

+++1
I

Health & House- Scc I

Safety keeping Closed I
I

Telemetry Telemetry Loop
I
I

~’o

Scc
I

I
I
!

Packet Assembly i
I Low Rate
1 ScienceBus
I
I-vIKu-Band Frame
I Assembler per-
I forms VC assign-
~ment

Frame Assembly
!
I

Launch
Virtual Channel Assignment I+ Vehicle

I Port
~ ~ ~ I

I
VC Assignment i

I
1 I-UKTelemetry I Umbilical

2 H&S Telemeny ,
3 Diagnostic

I
1 I

SSR
I 1

I

i Channel Selection i
I .
L-—-——— ---

XPND 1 I

1, 16,256,512 kbps
cm -C&T Interfacz UNt
HRSR -High Rate Spacecraft Recorder
Scc -SpacecraftControls Computer
Vc -Virtual Channel

XPND S-band Transponder

Figure 11. Data Gathered and Virtual

35

Channel Assignment

DCC062693



PS20008567 -
28June1993

-

[4] The C&DHS shall: -

a. overwrite the oldest packet waiting for transmission on the LRS bus should it be
necessary

b. reflect the event in telemetry.

3.2.1 .2.5.3 SSR: H/K Telemetry Data Distribution

[1] The C&DHS shall supply a continuous real-time telemetry data stream for recording on
command.

[2] The Virtual Channel Data Unit (VCDU) header’s replay flag shall be set in the data st~am
to the SSR.

3.2.1 .2.5.4 S-Band Transponder Data Distribution

3.2.1 .2.5.4.1 Real-Time H/K Telemetry lkansmission

[1] The C&DHS shall supply a continuous real-time H/K telemetry data stream in the form of
CADUs on command.

[2] The C&DHS shall send the fmt bit of the fmt CADU in a packet synchronous with the time
mark instant.

[3] The C&DHS shall send the fwst bit of a CADU synchronous with a tick of the Spacecraft
Clock.

[4] The C&DHS shall set the replay flag to zero in the VCDU header for real–time.

[5] S-band virtual channel assignments shall be as specfled Section 6 of the DFCB,
1S20008658.

3.2.1 .2.5.4.2 Real-Time H&S Telemetry Transmission

[1] The C&DHS shall supply a continuous real-time H&S telemetry data stream in the form of
CADUs on command.

[2] The C&DHS shall send the first bit of the fust CADU in a packet synchronous with the time
mark instant.

[3] The C&DHS shall set the replay flag to zero in the VCDU header for real–time.

[4] S–band virtual channel assignments shall be as specified in Section 3 and 6 of the DFCB,
1S20008658.

3.2. L2.5.43 SSR Playback Transmission

The playback stream shall be sent to the S–band transponders on command.

3.2.1 .2.5.4.4 Diagnostic Data Transmission

[1] The C&DHS shall supply a continuous real-time diagnostic data stream on command.

a. The minimum period between data gathering shall be every 6 minor cycles.

b. If the diagnostic stream is active, the C&DHS shall maintain the return service link by
transmitting (1) diagnostic data and (2) fill data to complete the packet.

DCC062693 36



PS20008567
28 June 1993

s

[2] S-band virtual channel assignments shall be as specified in Section 3 and 6 of the DFCB,
1S20008658.

3.2.1.2.5.5 LV Port: H&S Telemetry Distribution

[1] The C&DHS shall supply a continuous real-time H&S telemetry data stream to the LV port
in the form of CADUS on command.

[2] The C&DHS shall send the fmt bit of each CADU to be synchronous with the time mark
instant.

[3] The C&DHS shall set replay flag to zero in the VCDU header for real-time.

3.2.1.3 Ancillary Data

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

The C&DHS shall accept command data transfers containing the formatted ancill~ data
from the SCC–based FSWS.

The C&DHS shall deliver the ancillary data message once per 1.024 seconds to all
designated users on the C&T bus in accordance with section 3.2.1.6.

The autonomous delivery of the ancillary data message by the C&DHS shall be enabled or
disabled upon command.

The enable or disable state of the autonomous delivexy of the ancillary data shall be reported
in telemetry.

When the SCC–based FSWS delivem the ancillary data message late and the autonomous
delivery of the ancillary data message is enabled, then the C&DHS shall:

a. ignore the late ancillary data message

b. report the event in telemet~.

The data handling of ancillary data message by the C&DHS shall conform to all the
requirements associated with the low–rate science data as defined in the GIIS, GSFC
420-03-02.

The ancillary data message shall be included by the C&DHS as part of the low–rate virtual
channel science data stream.

The ancillary data shall be provided to instruments within 1.024 seconds of the epoch of the
data.

3.2.1.4 Interfaces

The C&DHS shall verify, on command, electronic interfaces for the 1553B busses and the high
speed serial I/O interfaces between the SCC and CTIU.

3.2.1.4.1 S-Band Transponder Interface

3.2.1 .4.1.1 Uplink (Forward Service) Link

[1] The C&DHS shall receive uplink data command transfers from the S-band transponders via
standard RS422 interface circuit as specified in Section 3 of the GIS, 1S20008501. All the
RS422 interfaces between the CTIU and the S-band transponder receiver are shown in
Figure 12.
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[2] The resistor temnination option as speci.tied in the GIS, 1S20008501, shall be used.

[3] The C&DHS shall accept the data clock, the RF lock, bit-lock and command uplink data
transfer from the S–band transponder.

[4] The CLTU timing for input from the S-band transponder, as depicted in Figure 13, shall be:

~o%-lRF—
LOCKN I

BIT
LOCKN

1

DATA
CLK

CLTU
DATA

CLTU: Command Lmk Tkansrmsslon Umt

I

RF: Rad]o Frequency

BIT CELL NRZM: Non-Return to Zero Mark
,

DATA
CLK , . 4 4 . ● ●

1Data Transition = Logic 1

PAYA 1 1 0 0 1

(NRZ-M

a.

b.

c.

d.

e.

f.

Figure 13. CLTU Thning For Input From S–Band Transponder

rise and fall times: <= 100 nano-seconds (nsecs) for both clock and data

clock duty cycle: 50%* 109”

clock to data skew: t 0.25 X Bit Cell
(clock rising edge including duty cycle)

format: Non-return to Zero Mark (NRZ-M).

Data transition
at beginning of bit cell = Logic 1

The S–band transponder receiver data clock rates are:

1. 125 Hertz (HZ)

2. 1 kHz

3. 2 kHz

4. 10 kHz.
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[5] The rate of ~ception shall be determined solely by the interface clock rate.

[6] The C&DHS shall select eitherS-band transponder for the prime source of command uplink
data transfers.

[7] The C&DHS shall monitor the bit stream to detect a CLTUS synchronization marker after
RF and bit locks are asserted.

[8] The C&DHS shall select the transponder interface with a valid synchronization marker.

[9] The C&DHS shall lose data acquisition whenever bit or modulation lock is lost.

[10] A codeblock which is “in process” shall be rejected whenever data acquisition is lost.

3.2.1 .4.1.2 Doppler Measurement Interface

[1] The C&DHS shall receive Doppler Sample Mark signals from the S-band transponders via
standard RS422 interface circuit in accordance with requirements specfled in Section 3 of
the GIS, 1S20008501. This is depicted in Figu~ 12.

[2) The doppler interface used shall be selected by command.

3.2.1 .4.1.3 PN Epoch Interface

The C&DHS shall receive Pseud@Noise (PN) epoch signals from the S–band transponders via
standard RS422 interface circuit in accordance with ~quirements speciiled in Section 3 of the GIS,
1S20008501. This is depicted in Figure 12.

3.2.1.4.2 S-Band Downlink Interfaces

3.2.1 .4.2.1 S-Band Downlink (Return Service) Link

[1]

[2]

[3]

[4]

[5]

[6]

[7]

The C&DHS shall provide 2 sets of two channels to each S-band transponder for
cross–strapping purposes as shown in Figure 14. These are Channel Al, A2 and Channel
B1, B2.

Each of these channels shall be comprised of(a) data,(b) a bit-rate clock, and(c) a two times
bit–rate clock.

The C&DHS shall apply forward error correction coding as required to the data transmitted
on the S-band links such that these data may be recovered after transmission to ground
operations with an undetected Bit Error Rate (BER) no greater than 1 x 10_7,assuming an
underlying BER of 1 x 10_5on the communications links external to the Spacecraft. This
service comesponds to Grade of Service 2 as defined in CCSDS 701.BR-3.

The C&DHS shall covert Non-Return to Zero – Low (NRZ-L) to NW-M data.

The C&DHS shall supply continuous real-time data at rates commensurate with the
capabilities of the S-band transponder channel being utilized.

As a minimum, the C&DHS shall support the configurations depicted in Table IV with the
two S–band transponders in all mission phases.

No single fault shall prevent the C&DHS from transmitting telemetry to the S–band
interface.
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Table IV. S-Band Transponder

TransponderA Transponder B

Channel-1 [IJ Channel-2 [Q] Channel-l ~] Channel-2 [Q]

IYK @ 16kbps H/K @ 16 kbps H&S @ 1 kbps H&S @ 1 kbps

I-UK @ 16 kbps Diag’mstic @ 16 kbps H&S @ 1 kbps H&S @ 1 kbps

H/K @ 16 kbps H/K PiB @ 256 kbps H&S @ 1 kbps H&S @ 1 kbps

H/K @ 16 kbps HJKPIB @ 512kbps H&S @ 1 kbps H&S @ 1 kbps
f #

H&S @ 1 kbps H&S @ 1 kbps H&S @ 1 kbps H&S @ 1 kbps

H&S @ 1 kbps Diagnostic @ 1kbps H&S @ 1 kbps H&S @ 1 kbps

Converse: In the following rows, Transponder B is outputting what Transponder A output above
and Transponder A is outputting what Transponder B output above.

H&S @ 1 kbps H&S @ 1 kbps I-UK @ 16 kbps I-UK @ 16 kbps

H&S @ 1 kbps H&S @ 1 kbps I-UK @ 16 kbps Diagnostic @ 16 kbps

H&S @ 1kbps H&S @ 1kbps H/K @ 16 kbps I-UKP/B @ 256 kbps

H&S @ 1 kbps H&S @ 1kbps H/K @ 16 kbps H/K P/B @ 512kbps

H&S @ 1 kbps H&S @ 1 kbps H&S @ 1 kbps Diagrmtic @ 1 kbps

H/K Housekeeping Telemetry kbps Kilobits per second
H&S Health and Safety Telemetry P/B Playback

3.2.1 .4.2.2 Doppler Initiate Signal

The C&DHS shall transmit a Doppler initiate signal from the S-band transponders
RS422 interface circuit in accordance with requirements specified in Section 3
1S20008501. This is depicted in Figure 14.

3.2.1.4.3 LV Interfaces

3.2.1 .4.3.1 LV Port

via standard
of the GIS,

[1] The C&DHS shall provide the H&S telemetry to the launch vehicle during (a) launch and
ascent and (b) ground test.

[2] During ascent, the C&DHS shall be configured for the transmission to COMS.

[3] The C&DHS shall transmit the H&S telemetxy to the LV port via standard RS422 interface
circuit as specilled in Section 3 of the GIS, 1S20008501. This is shown in Figure 14.

3.2.1 .4.3.2 Umbilical Interface

[1] The C&DHS shall transmit the biphase L data to the umbilical interface via standard RS422
interface circuit in accordance with Section 3 of the GIS, 1S20008501. This is depicted in
Figure 14. Figure 15 depicts the output timing.

[2] The data rates on each of the two active interfaces shall be 16 kbps.
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Figure 15. Umbilical Output Timing

3.2.1.4.4 SCC and CTIU HighSpeed Serial Interfaces

[1]

[2]

[3]

[4]

[5]

[6]

The high-speed serial data interfaces between the SCC and CTIU shall be via standard
RS422 interface circuit in accordance with Section 3 of the GIS, 1S20008501, which will
be dedicated to transfer of data between the SCC and CTIU components. The intetiaces are
depicted in Figure 16. The high-speed serial data interface is shown in more detail in
Figure 17.

Scc 1 Scc 2

A

CTIU 1 CTIU 2

Figure 16. Serial I/O Interfaces between SCC and CTIU

The overall interface shall transfer data in both directions simultaneously.

A configuration command shall select the active interface(s).

The deselected interface(s) shall neither accept nor send signals through its receivers and
drivers.

Interface selection modes shall be provided according to Table V.

The intexface shall provide a minimum of two separate and functionally independent 256
16-bit data word FIFO buffers, one buffer for the input and one buffer for the output.
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DATACLK-(IN-P)
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READY-TO-SEND- (IN-P)

\

.4 r READY-TO-RECEIVE- (IN-P) -v

< >>
\ <

4<>><>><>>DATA- (OUT-P)

\
DATA CLK- (OUT-P) --1

I
I

I

- Input I

I
I

output I

b-_ READY-T-RECEIVE - (OUT-P) “w

>>
\ 4

I
IL —— ——— ——— ——— ——— —

Note: interface shown isdifferential per RS422.

Figure 17. High Speed Serial (HSS) Data Interface Diagram

Table V. High-Speed Serial Interface Modes

‘ Interface Modes Prime Redundant
Interface Intexface

1 Deselected Deselected Required

2 On Deselected Required

3 Deselected On Required

[7] Signal Definitions:

a. Signal definitions are as follows. Signal sources are in parentheses.

b. DATA: NIU&L data comprised of 1&bit words plus optional
(from sending unit) parity

c. DATA CLOCK: Gated square wave used to synchronize
(from sending unit) the serial data.

d. READY-T@SEND: True when a 16-bit word is ready
(from sending unit) to be sent; goes false at the start of the last

bit of the word transmitting.
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e. READY-TO-RECEIVE true when the receiver is
(from receiving unit) ready to receive a 1&bit word; false when receive is
complete or not ready

Input and output data shall be transferred serially on a 16-bit word basis.

a. The bits shall be transfemed at a clock rate of 500 kilobits per second (kbps) on both the
output and input.

b. The seventeenth bit shall be used for parity.

c. The receiver termination option shall be used as defined in the GIS, 1S20008501.

d. The interface timing(TBD-3)., shown on Figure 18, shall be as follows:

‘AT*+-’-

1.

2.

3.

4.

5.

-1/INTERWORD
TRANSFER

PERIOD

Figure 18. High-Speed Serial Interface Timing

Timing shown at sender interface

Clock Rate = 500 kHz(Output), 500 kHz (Input); Duty cycle= 50%+ 10%

Ready-t&Receive may be delayed up to 16 clocks following the leading edge
of the Ready–tcAend, and must be stable 4 nsec. before the leading edge of the
next clock.

The interword transfer period is a minimum of one clcck.

If the parity bit is not used, the ready-tesend and clock signals terminates one
clock earlier than shown.

[9] The word formats shall be as speciiled FSWS IRD, 20039967.

[10] Throughput:
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[12]

[13]
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a. Both the input and output circuits and data buffers shall each support a simultaneous
average da~ rate of at least 250 kbps.

Output Operations:

a. All output operations shall start and end within the same minor cycle.

b. The end of an output operation occurs within the fwst 7 milliseconds of a minor cycle.

Input Operation:

a. All input operations shall start and end within the same minor cycle.

b. The end of an input operation occurs within the fmt 7 milliseconds of a minor cycle.

Time-out:

a.

b.

c.

3.2.1.43

A time-out fimction shall be implemented in the transmit buffer to detect anon-response
from the receiver.

This time-out shall be activated when the receiver fails to deliver a ready-to-receive
signal within 16 clocks following the transmission of a ready-tesend.

Until reset, this time-out condition shall inhibit the ready-tesend and any other
transmissions.

SCC OK Signal to COMS/C&DHS BDU

The C&DHS BDU shall receive a signal from the SCC–based FSWS via standard active hi–level
interface as specilled in Section 3 of the GIS, 1S20008501. Figure 19 depicts the SCC OK signal
and SCC OK message as issued by the SCCS.

3.2.1.4.6 Point-to-Point Telemetry Interfaces

The C&DHS shall provide standard electrical point–t-point telemetry intetiaces for the gathering
of telemelg from individual components, Spacecraft subsystems and instruments.

3.2.1.4.7 Data Busses

The C&DHS shall have two MlL-STD-l 553B data busses:

a. the Command and Telemetry (C&T) Bus

b. the LRS Bus.

3.2.1 .4.7.1 Common Bus Characteristics

[1] Utilization of the optional “Subsystem” and “Terminal” flag bits in the status word shall be
supported.
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Nue SCC OK signat ●~ C&DHS
sent only if redundant ‘cc *K ‘i~nalD BD
SCCpowered on and
firmware is loaded

C&T bus

II
Serial I/O Interface -

cm
[active]PI ~“k]

1

RT R SCC OK Message
I13C]

Scc Scc
[redundant] [prime]

Nae: Only the prime
SCC via SCC-based
FSWS sends the SCC
OK message to the ac-

Note: Redundant SCC tive CTIU.
serial interfaces with
CTIU na shownnorare
alltheprime SCC inter-
faces shown

BC Bus Controller
BDU: Bus Data Unit
C8CDHS:Command& Data Handling Subsystem
C&T bus: Cornmand & Telemetry bus
CITU: command & Telemetry Interface Unit
I/o: Irtpuuoulput
RT Remote Terminal
See: Spacecraft Control Computer I

Figure 19. SCC OK Message and SCC OK Signal

[2] The optional “busy” and “service request” bits shall be supported.

[3] The remote terminal address shall be established through an external connector per
MIL-STD 1553B Section 30.3.

[4] The broadcast mode of operation described in MlL-STD-l 553B shall be prohibited.

[5] Only the MlL-STD-l 553B mode codes listed in Table VI shall be utilized by the data busses
and all other codes are illegal.

[6] In accordance with MIL-STD-1553B, each bus shall:

a. be dual redundant

b. be one string

c. support the full traffic load.

[7] One terminal address shall be reserved for the test port.

3.2.1 .4.7.2 C&T Bus Characteristics

[1] The C&DHS shall communicate over a redundant serial data bus (the Command and
Telemetg (C&T) bus), using the Digital Time Division Command.Response Multiplex Data
Bus (MIL-STB1553B) protocol with the:

a.

b.

c.

C&DHS components with embedded RTs [standby CTIU, powered-on SCCS]

C&DHS components via BDU interfaces [SSR, SFE]

Spacecraft subsystems with embedded RTs [GN&Cs SSST, HGA]
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Table VI. MIL-STD-1553B Mode Code Utilization

Tkansmit/ Mode Associated
Receive Code Function Data

Bit Word

1 Ooo1o Transmit status word No

1 Oooo1 Synchronize (see note 1) No

1 Ooo11 Initiate self-test No

1 00100 Transmitter shutdown No

1 00101 Overnde transmitter shutdown No

1 00110 Inhibit terminal flag bit No

1 00111 Override inhibit terminal flag bit No

1 O1ooo Reset remote terminal No

1 1000O Transmit vector word (see note 1) Yes

o 10001 Synchronize (see note 2) Yes

1 10010 Transmit last command Yes

1 10011 Transmit BIT word Yes

Notes:
1. Used on the Low Rate Science Data Bus only.
2. Used on tie Command and Telemehy Bus only.

d. Spacecraft subsystems via BDU interfaces [GN&C, Reaction Wheel Assembly (RWA),
DAS, PROP, Power& Battexy, and Instruments]

e. Instruments with embedded RTs

f. Test port.

[2] Components connecting to the C&T bus shall be transformer coupled as shown in Figure 20.

[3] The C&T bus requirements shall be as specified in Section 5,6, arid 7 of the GHS, GSFC
420-03-02 for the following:

a.

b.

elecrncal requirements

bus configuration, bus transfer method, mode code utilization, optional broadcast mode,
data transfers to and from instruments, timing of data rransfers, C&T bus protocols such
as RT address assignment,
definition
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TRANSCEIVER

~

TERMINAL t
1

Suggested Part Types:
Dual Transceiver - Marconi CT252 or STC FC1553921
Data Bus Coupler - Raychem D-500-0355-121-03
Data Bus Cable Splice Kit - Raychem D-500-0137
Transformer - Technitrol SMQ1553-10
Data Bus Cable - Raychem 7724C8664
Data Bus Termination - Raychem D-500-0263-xxx

Figure 20. Standard Command and Telemetry 1553B Interface Circuit
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c. command anddata handling opemtional rqukemenu.

3.2.1.4.7.3 Lmw-Rate Science Bus Characteristics

[1] The Low–Rate Science bus shall be compliant with MIL-STD-1553B Notice 2.

[2] The RTs on the LRS bus shall be assigned to

a. low-rate science instruments

b. active CTIU

C. standby CTIU.

[3] The Low-Rate science bus requirements shall be as specified in Sections 5,6, and 7 of the
GIIS, GSFC 420-03-02 for the following:

a.

b.

3.2.1.4.8

electrical requirements

bus configuration, data mansfer method, mode code utilization, data transfer protocol
such as 1553B RT polling, data packet readiness, data packet length, single and multiple
message packet transfer, and end of packet transfer handshake.

SSR Interfaces

3.2.1.4.8.1 SSR Record Science Data

[1] There shall be two interfaces, one per DCU.

[2] On]y one of the two channels of record data received by the SSR from the SFE shall be active
at any one time.

[3] Each interface shall consist of six lines: four data, one data clock and one data synch line.

[4] A data synch signal shall be supplied to the SSR’s active controller to define the beginning
of each CADU. See Figure 21.

[5] Data shall be received on the four data lines.

[6] Signal Definitions:

a.

b.

c.

d.

e.

f.

DCC062693

Quantity:

Data Rate (each interface):

Data Stream Format:

Clock frequency

Transmitter output:

Receiver input:

2 ports

150 Mbps aggregate, or 37.5 Mbps per data line
record

NRZ-L (Data, Enable and Ready)

37.5 Megahertz (MHz) record

0.595 V (rein) differential Emitter Coupled Logic (ECL)

0.31 V (rein) differential ECL
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Data Bit O– MSB

Dtiit 1

Data Bit 2
Data Bit 3- LSB

SFE Data Cleck SSR
CONTROLLER

Data Sync

Figure 21. SSR Record Interface Signals

3.2.1 .4.8.2 SSR Playback Science Data

[1] Each interface shall consist of six lines: four data, a received clock and a transmit clock.

[2] Only one channel of the two channels of playback data received by the SFE from the SSR
shall be active at arty one time.

[3] Each SSR port shall receive a reference clock from the SFE and supplies the 4-bits wide
playback data with the sampling clock on the respective channel as shown in Figure 22.

Data Bit O– MSB

Data Bit 1

Data Bit 2

Data Bit 3 -LSB

SFE Data Clock SSR
CONTROLLER

Reference Clock

Figure 22. SSR Playback Interface Signals

[4] A playback session shall be initiated upon command.

[5] Signal Definitions:

a. Quantity: 2 ports

b. Data Rate (each interface): 0/105/150 Mbps aggregate playback

c. Data Stream Format: NRZ-L (Data, Enable and Ready)

d. Clock frequency 26.25 or 37.5 MHz playback
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e. Transtnitteroutput: 0.595V (rein) differentialECL

f. Receiver input: 0.31 V (rein) differentialECL

[6] Data shall be transmittedon the four datalines.

3.2.1.4.8.3 SSR Record H/K Telemetry

[1] Each interface shall consist of two lines: one data, a 1 times received clock.

[2] Data shall be received on the one data line.

[3] Signal definitions:

a.

b.

c.

d.

e.

Quantity: 2 ports

Input Data Rates: 16 kbps

Data Stream Format: NRZL

Data Format: per DFCB, 1S20008658

Receiver input: RS-422

3.2.1.4.8.4 SSR Playback H/K Telemetry

[1] Each interface shall consist of three lines: one data, 1 time and 2 times transmittedclock.

[2] Data shall be transmittedon the one data line.

[3] Signal definitions:

a. Quantity: 2 ports

b. Output Data Rates: 256 Kbps or512 kbps

c. Data Stream Format: NW-L

d. Data Format: per DFCB, 1S20008568

e. Transmitter output: RS-422

[4] The SSR shall simultaneously generate a l-times and a 2-times playback clock
synchronized to the output data at the 256 kbps playback rate and 512 kbps playback rate.

3.2.1.4.9 SFE Interfaces

[1] The SFE shall output two independent CADU streams to each of the redundant KSA and
DAS type of modulators.

[2] The signal supplied on the two channels shall be internally cross–strapped within the SFE
with their counter parts.

[3] Each of the ports shall consist of 4-bits wide data and the sampling clock as shown in
Figure 23.
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Data Bit O– MSB
Sid*A

Data Bit 1
Channel 1

Channel 1
Data Bit 2

Data Bit 3 -LSB

Data Cleck 1

WE MODULATOR A

Data Bit O– MSB

Data Bil 1

Channel 2
Data Bit 2 Channel 2

Data Bit 3 –LSB

Data Clock 2

/

Side-B
MODULATORB

NOTES:
● - Typicalinterface,forKSAandDASport

-KSAmodulatorsdonotuschannel2

Figure 23. Modulator Interface Signals

[4] Only one set of the redundantsignals shall be active at any given time.

[5] The KSA and DAS Modulators interface characteristics:

a.

b.

c.

d.

e.

3.2.1.4.10

Data Rate (each interface):

Data Stream Format:

Clock frequency

Transmission Media:

Electrical:

Test Interfaces

150 Mbps max. total

NRZL

37.5 MHz max.

100 ohm TWinax Cable

0.595V (tin) differential ECL

The C&DHS shall have test ports as follows:

a. one on each C&T bus

b. one on each LRS bus

c. one on each TM&F bus.

3.2.1.5 HLKTelemetry Storage on the SSR

[1] The C&DHS shall retain in dedicated storage 384 Mbits of H/K telemetry which is stored
for playback to the S–band transponder.
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[2] The input record rate for housekeeping telemetry for storage shall be 16 kbps.

3.2.1.6 Bus Utilization

[1]

[2]

[3]

[4]

[5]

[6]

[7)

[8]

[9]

[10]

[11]

[12]

[13]

The C&T Bus shall be operated in a cyclical fashion according to a fixed functional
allocation of bandwidth, as shown in Figure 24.

The C&DHS shall comply with the C&T bus tiansfer timing requirements speciiled in
paragraph 6.1.2 and subparagraphs in the GIIS, GSFC 42043-02, for the following:

a. minor cycle length

b. major cycle length

c. master cycle length

d. minor cycle task list

e. minor cycle task list completion

f. and the C&T bus task scheduling which encompasses, command transfers, memory load
transfers, memory dump transfers, telemetry gathering transfers, SCC OK, ancillary
data, time code data, and safe mode commands.

A bus utilization table shall be maintained which indicates when to sample data, to gather
the data, the data source, and the distribution of the data.

The C&DI-iS fmware shall process the bus utilization table data without checking the
correctness of the table entries.

The bus utilization table shall be mod~lable on-orbit.

The bus bandwidth utilization shall not exceed 35% at PDR, 42.59’oat CDR, and 50% at
launch.

The C&T bus shall have bandwidth reserved to accommodate a single retransmission of
messages.

The C&T bus minor cycle task list shall contain the minor cycle tasks appearing in Table VII.

The minor cycle tasks shall be assigned to the message types as shown in Table VII.

The relative order of minor cycle tasks shall be the relative order of the message types as
shown in Table VII.

The types of tasks within a minor cycle task shall be as shown in Table VII.

The occurrence of different types of tasks within a minor cycle task shall be as shown in
Table VII.

The number of transactions allowed within a minor cycle for this type of task shall be as
shown in Table VII.
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~lmDli~mder wititiatiorcYCle ~ >.
Minor
Cycle Type
Number #1
o 1
1 1
2 1
3 1
4 1
5 1

32 1“
33 1

T64 i
65 1

1z96 1
7

127 1

I I I i Reseme I
Type #2 Type #3 Type #4 Type Bus

#5 Utilization

2 2 3 3 4 4 6 >‘50vo
2 2 3 3 4 5 6
2 2 3 3 4 4 6
2 2 10 4 4 6
2 2 3 F 4 4 6
2 2 3 3 4 4 6

2 2 3 3 4 4 i
2 2 3 3 4 5 7

2 2 3 3 4 4 i
2 2 3 3 4 4 8

. .

2 2 3 3 4 4 9
2 2 3 4 4 9

2 2 3 3 4 4
2 2 10 — 4 4 .

●NOTE: Types are not meant to show timing, only relative order!
minor cycle = 8 msec,
major cycle =12$ minor cycles
master cycle = 64 major cycles

Minor Cycle ‘Ihsks

11. Synchronize with Data.Word. One issued per mmcr cycle to an individual remae terminal. Each remote I
temn”tialreceives 4 per major cycle.
2. BDU sample schedule. up to two per minor cycle
3. All onboard issued commands. in 4 minor cycles, 1–3 can contain up to 2 onboard commands while the

4th minor can contain only 1 ground controller command
4. Gathering request for H&S telemetry, I-UKtelemetry and SCC closed loop data.

5. Diagnostic - Memory Dump. Minimum interval between gathers is 6 minor cycles. Note A C&T bus lmp
back will use this task type upon command to the CITJ as long as there is no on-going memory dump.
6. IMOK message. One per minor cycle.
7. Ancillary Data. One per minor cycle.

8. Time Code. One per minor cycle.

9. Safe Mode (as required).
10. Ground Controller Commanding: 1 command every 4 minor cycles

Figure 24. Command and Telemetry Bus Cycles
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Table VII. Minor Cycle Tasks and Frequency of Occurrence

Message Minor Cycle Tasks Number of trartsac-

‘????kr tions allowed within
a minor cycle for
this type of task

1 Synchronize with data word Oorl

2 BDU sample schedule table 0,1,0r2

3 Command: only one of the following types of task in any minor cycle task list

On–board commands every 3 out of 4 minor cycles 0,10r2

uplink command data transfer 1 out of 4 minor cycles Oorl

4 data gathering request: only one of the following type of tasks in any minor cycle
task list

no sooner than every sixth minor cycle:

dump gather request Oorl

telemetry gather request Oorl

all other minor cycles: 0,10r2
telemetry gather request

5 Miscellaneous: only one of the following types of tasks in any minor cycle task list:
ref. paragraph 6.1.2.4.6 of the GHS, GSFC 420-03-02

Ancillary data packet Oorl

Time Code Message

SCC OK/IMOK message

[14] Only one transmissionhe-transmission shall be allowed to the same RT address and RT
subaddress in a minor cycle list.

[15] The RT subaddresses for

a.

b.

c.

commanding shall be as specified in Section 3 and 5 of the DFCB, 1S20008658, for
(1) sources and (2) real-time command structures which.

for (1) instrument command, (2) memory loads, (3) dump data, (4) ancillary data, (5)
SCC OK/IM OK messages. (6) time code data, (7) safe mode commands issued by the
CTIU, (8) loop back, (9) H/K teleme~, (1O)H&S telemetry, and (11) mode codes shall
be as specified in Section 6.1.4.2.1 of the GIIS, GSFC 42W03-02.

The BDU sample schedule table and BDU sampled data RT subaddresses shall be
assigned as spectiled in Table VIII.
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Table VIII. C&T RT Subaddress Assignments

Transmit/Receive bit = Receive TransrnitlReceivebit - Transmit

3 BDU sample schedule table 3 BDU sampled data

16 SCC Closed loop data

d. The SCC closed loop RT subaddress shall be assigned in accordance with Table VIII.

e. All remaining RT subaddresses shall be reserved.

3.2.1.6.1 Synchronize with Data Word

[1] The synchronize with data word shall be issued to each assigned C&T RT.

[2] The synchronize with data word shall be as specified in Section 6.1.2.4.1 of the GIIS, GSFC
430-03-02 for (1) number of occurrences within a minor cycle, (2) frequency sent to each
RT, (3) timing, (4) data word content, (5) data word format and (6) instrument response to
data word.

3.2.1.6.2 BDU Sample Schedule Table

[1] The BDU sample schedule tables shall be residenton-orbit.

[2] A BDU sample table shall be modillable on-rbit.

a.

b.

c.

Each BDU sample schedule table shall have as a prefix a 1553B command word where
(a) the transmitireceive bit it set to receive, (b) the RT address is the designated recipient,
(c) the RT subaddress = BDU sample table, and (d) the word count reflects the number
of 1553B data words which are in the 1553B message

shaIl contain from 1 to 16 entries where each entry is I&bits and conforms to the BDU
telemetry control word as shown in Table IX.

shall sample serial, active/passive analog, or active/passive hi–level telemeuy

Table IX. BDU Telemetry Control Word

IField Name IDefinition

telemetry type

end of telemetry table

board address

active analog
active hi-level
passive analog
passive hi–level
telemetry sync
serial telemetry

telemetry channel
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d. shall only have the End-of-Table (EOT) bit field set to EOT to indicate the last entry
in this BDU sample schedule table

e. shall be transmitted to the BDU via the C&T bus in accordance with the bus utilization
table.

[3] The C&DHS shall provide fill data for sampled data whenever the RT status word or BC
indicates a problem.

3.2.1.6.3 Data Gathering Requests

[1]

[2]

[3]

[4]

The bus utilization table shall ensure the gathering of instrument data shall be as specified
in the UIID for that instrument.

The bus utilization table shall ensure the gathering of Spacecraft subsystem data shall be as
speciiled in the respective subsystem’s speci.tlcation.

Each gather request in the bus utilization table shall be a 1553B command word where (a)
the transrnit.lreceive bit it set to transmit, (b) the RT address is the designated recipient, (c)
the RT subaddress indicates type of gather request=(1) H/K telemetry, (2) H&S telemetry
(also included in H/K telemetry), (3) SCC closed loop, (4) memory dump or (5) BDU
sampled data, and (d) the word count reflects the number of 1553B data words to be returned
by the RT.

The bus utilization table shall reserve a place for possible dump gather requests as well as
contain entries for all other gather requests.

3.2.1.6.3.1 BDU Telemetry Gathering Requests

[1] For BDU telemetry gathering request, the bus utilization table shall be organized to ensure
the following:

a. Every gather request to a BDU shall be preceded by a BDU sample schedule table issued
to that BDU in some prior minor cycle.

b. The soonest the BDU sampled data shall be gathered is minor cycle N+l after a BDU
sample schedule table has been sent in minor cycle N.

[2] The C&DHS shall perform the following scenario

a. In minor cycle N:
BDU sample telemeny schedule N to RT=BDU_A
BDU sample telemehy schedule N to RT=BDU_B

b. In minor cycle N+l:
BDU sample telemetry schedule N+l to RT=BDU_A
BDU sample telemehy schedule N+l to RT=BDU_B
Command to BDU
BDU gather request to RT=BDU_A to gather data sampled in minor cycle N
BDU gather request to RT=BDU_B to gather data sampled in minor cycle N

DCC062693 58



PS20008567
28June1993

=

3.2.1 .603.2 Gathering Requests for Spacecraft Equipment with Embedded RT

[1] For instruments and Spacecraft subsystems with embeddedRTs. The data gathering window
is defined to be a period of time where the data sampling is complete and the sampled data
is stored in the appropriate RT subaddress awaiting a data gather request.

a. The data gather window shall be 3 consecutive minor cycles (24 msec) in length.

b. The bus utilization table shall send the data gather request to the recipient by the C&DHS
during the data gathering window.

3.2.1 .6.3.3 C&T Bus Loop Back

[1] The C&DHS shall transmita C&Tloop back using the message type reservedfor a memory
dumpproviding there is no memory dump operationactive at the time.

[2] The C&DHS shall transmita gatherrequest to retrieve the loopback in the message type
reserved for a memory dump providing there is no memory dump operation active at the
time.

3.2.1.6.4 Commands

The command structures used on the C&T bus will be as specfled in Section 5 of the DFCB,
1S20008658, for (1) real–time serial commands, (2) real-time relay drive, and (3) logic pulse
commands.

3.2.1 .6.4.1 Commands to the BDU

A bus utilization table shall ensure the 13DUwill receive a command sent in minor cycle N prior to
7 msec from the start of the minor cycle.

3.2.1.6.5 Miscellaneous

[1] The bus utilization table shall conform to Section 6.1.2 .4.6.1 of the GIIS, GSFC 420-0342,
for data tmnsfer frequency for the following tasks:

a. an ancillary data packet

b. time code messages

c. SCC OKAM OK messages

3.2.1.6.6 Additional Rules for Entries in Bus Utilization Table

Ancillary data transfer shall be mutually exclusive with a ground command message in any minor
cycle task list.

3.2.1.7 Computing Resources

The C&DHS shall provide all computing devices required to provide memory storage and program
execution services to FSWS.
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3.2.1.7.1 Performance

3.2.1 .7.1.1 Scc

[1] The SCC shall, as a minimum, provide the foIlowing computing resources to FSWS:

a. 1.61 MIPS instructionthroughput

b. 1 M 16-bit word processor memory for programsand data.

[2] A single SCC shall meet all mission requirementsspecified herein.

[3] A second computer shall nominally be a cold standby.

[4] Each computer,when operating, shall provide internalhealth indications.

[5] The capability to performmemory dumps via the 1553B at the diagnostic rate specified in
Table IV shall be provided.

3.2.1.7.2 High Order Language Support

[1] All C&DHS standardizedcomputers shall have Ada compiler support.

[2] Where practical, fumware shall be developed in the Ada programming language.

[3] Where Ada is not used, another appropriate high-level programming language shall be used
if practical.

[4] Firmware shall be developed using assembly language only where dictated by performance
(i.e., speed) requirements or by the lack of an appropriate high-level language for the host
processor.

3.2.1.7.3 Memory Error Control

3.2.1 .7.3.1 Scc

The SCC processors shall use EDAC [echniques, as necessary, to presewe the integrity of data which
it processes and distributes.

3.2.1 .7.3.2 CTIU

The CTIU processors shall use EDAC techniques, as necessary, to preserve the integrity of data
which it processes and distributes.

3.2.1.8 Time Distribution and Synchronization Services

3.2.1.8.1 Master Spacecraft

[1] The CTIU shall provide
synchronization services.
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The Spacecraft Clock shall use the time code data epoch specifkd in 6.1.3.6 of the GIIS,
GSFC 420-03-02.

The Spacecraft Clock shall be monotonically increasing after power-up and reset are
complete.

The Spacecraft Clock tick shall represent a 1 psec.

The Spacecraft Clock shall maintain a continuous time reference derived from the frequency
reference provided by the MO in COMS.

Jumps in the time reference count shall occur only in response to the

a. set clock command

b. delta–time clock command.

The clock set command shall bean absolute–time set command.

Absolute–time set commands shall cause interruptions of less than 2 seconds to C&DHS
provided services.

Absolute-time set commands shall set:

a. to an accuracy of 1 psec

b. to a resolution of 1 psec.

The execution of all absolute time set commands shall be coincident with the start of a major
cycle.

Delta-time set commands shall cause a maximum interruptions of 2 seconds time to C&DHS
provided services.

The execution of all delta time set commands shall be coincident with the start of a major
cycle.

The commanded clock adjustments shall have a resolution of 1 psecond, a range of +4
seconds or wider, and be executed with a precision of 1 microsecond.

The leap second commands shall permit the Spacecraft Clock to add or delete one second
at the end of the day.

The leap second command shall appropriately modify the nominal roll-over value used by
the C&DHS which is 86,399,999 milliseconds in the “millisecond of the day” field of the
CCSDS Day Segmented time code.

a. The roll-over for a positive leap second command shall be 86,400,999 millisecond
(hexadecimal 5265BFF).

b. The roll-over for a negative leap second command shall be 86,398,999 milliseconds
(hexadecimal 5265817).

3.2.1.8.2 User Spacecraft Clock Calibration System Support

[1] The C&DHS shall supportthe NASA User SpacecraftClock CalibrationSystem (USCCS)
by:

a. synchronizing the transmission of the S–band telemetry CADUS with the Spacecraft
Clock and startof majorcycle
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b. provitig ktieteleme~ smamtie Momation needed fmtie~ound contiollerto
detenn.ine the Spacecraft Clock value at the receipt time of the fmt PN-code epoch on
the S-band forward link following the start of the CADU transmission.

[2] The C&DHS shall accept the PN code epoch indication from the S-band transponder.

[3] The C&DHS shall measure the elapsed time txtween the time mark instant and the fmt
occurrence of a PN code epoch to an accuracy of i 1 microsecond.

[4] The C&DHS shall provide the data associated with the PN epoch:

a. in the H/K telemetry

b. and H&S telemetry.

3.2.1.8.3 Synchronization Service

[1] The C&DHS shall deliver “Synchronize with Data Word” mode code messages to all C&T
bus users in accordance with paragraph 6.1.2.4.1 and subparagraphs of the GIIS,
GSFC 42CL03-02, for the transfer frequency, transfer time, data word content and data word
format specfled.

[2] The C&DHS shall maintain a minor and major cycle counts increments synchronously with
the ticks of the Spacecraft clock which will be the source of the data word content of the
“Synchronize with Data Word”.

[3] The C&T bus cycle timing and the delivery of the Synchronize with Data Word messages
shall be synchronous with the Spacecraft Clock with an accuracy of * 50 microseconds.

3.2.1.8.4 Time Code Data Message

[1] The C&DHS shall generate, every 1.024 seconds, the Spacecraft Time Code Data Message
as specilled in paragraph 6.1.3.6 and subparagraphs of the GIIS, GSFC 42W03-02, and as
spectiled in the DFCB, 1S20008658.

[2] The Spacecraft Time Code Data messages shall be delivered between 100 to 900
milliseconds after the prior time mark instant.

3.2.1.8.5 Time Mark and Frequency Bus

[1] The C&DHS shall generate the following precise timing signals to be distributed on the
TM&F bus in accordance with the GIIS, GSFC 420-03-02, (1) 1.000 MHz square wave
frequency reference derived directly from the MO frequency in COMS and (2) a periodic
time mark encoded on a duty cycle variation of two successive cycles of the square wave.

[2] The Time Mark shall be within 6 microseconds of the Time Mark Epoch at all receivem.

[3] The C&DHS shall support any number of TM&F users up to 6.

[4] The C&DHS shall have one or two TM&F bus drivers active at any one time.

3.2.1.8.6 Standard Time Services

[1] The C&DHS shall provide standard time services to Spacecraft equipment by providing a
time code data message and a synchronize with data word.
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[2] These services shall be available in all Spacecraft modes and mission phases.

[3] These services shall be restorable by ground controller command after any single failure.

3.2.1.8.7 Precise Time Services

[1] The C&DHS shall provide Precise Time services in accordance with (a) paragraph 5.4.3 and
subparagraphs for reference frequency electrical characteristics, and time mark accuracy
and (b) paragraph 6.2 and subparagraphs for time mark and frequency bus, time code data
valid indication, and time information timing of the GIIS, GSFC 420-03-02. This service
includes transmitting a time code data message on the C&T bus and a time mark on the
TM&F bus.

[2] These semices shall:

a. be available in any Spacecraft modes and mission phases during which the GN&CS
TDRSS On-board Navigation System (TONS) navigation function is active.

b. be restorable by ground controller command after any single failure.

3.2.1 .8.7.1 Doppler Measurement

[1] The C&DHS shall generate and deliver a periodic logic–level “Doppler Initiate Signal”
signal to the COMS via a serial link between the CTILJand the S-band transponder.

[2] The “Doppler Initiate Signal” shall be coincident with the time-mark being sent to the
TM&F bus within an accuracy of 3 microseconds.

[3] The C&DHS shall supply a serial link to the S-band transponder for the acquisition of the
Doppler measurement data.

[4] The C&DHS shall supply the Doppler measurement data to the SCC–based FSWS.

[5] Electrical characteristics of the Doppler Initiate Signal shall comply with Section 3
GIS, 1S20008501.

[6] The C&DHS shall provide time tagging of the “end of Doppler integration period.”

3.2.1.9 Science Data Handling

of the

[1] The C&DHS shall comply with the standard data handling interfaces, data handling
operational requirements, and data formats requirements with instruments as specified in
Sections 5,6, and 7 in the GIIS, GSFC 420-03-02 (a) for low–rate science interfaces, (b)
for time mark and frequency bus intetiaces, and (c) for high-rate science interfaces.

[2] The C&DHS shall accept data packets from the instrument set at any peak aggregate data
rate up to the sum of the individual peak rates allocated in the UIIDS over the (a) low–rate
science bus, and (b) the high-rate science intetiace.

[3] The SFE shall accept packetized data from each of the HRDLs at a burst data rate specilled
in Section 5 of the GIN, GFSC-420-03-02, as measured after the 4B/5B decoding process
with a maximum aggregate burst data rate of 130 Mbps.
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[4] The C&DHS shall format and multiplex the science data stream for transmission to the
EOSDIS as specfled in the DFCB, 1S20008658. Figure 25 depicts the C&DH science data
handling architecture.
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SFE . WIence Formatting Eauinment
VCDU = Virtual Channel D;ta Un~

Figure 25. Top-Level C&DH Science Data Handling Architecture Block Diagram

No single fault shall prevent the capability of the C&DHS to transmit telemetry to the
Ku–band or X–band interface.

The C&DHS shall store all real-time multiplexed instrument data on command.

Stored science data shall be available for transmission within one orbit of acquisition.

On the Ku–band, a selected set of instrument data shall be capable of real–time transmission
to ground operations while transmitting previously stored instrument data.

The C&DHS architecture shall support data formatting and encoding functions operating at
rates consistent with the Ku- and X–band return link data rates.

The C&DHS shall on command fonvard multiplexed real-time H/K telemetry and/or stored
instrument data to the COMS for Ku-band downlink transmission.

The C&DHS shallon command forward one or two sets of selectedreal-time instrument data
to the COMS X-band downlink DAS.

The ancillary data packet shall be:

a. treated as part of the LRS data stream

b. capable of being delivered to the Ku-band and DAS modulators in real–time

c. identical whether transmitted to either the Ku-band or DAS modulators.

The H/K telemetry packets shall be:

a. treated as part of the LRS data stream
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b. capable of being delivered simultaneously to the Ku-band and DAS modulators in
nxd-time.

Alternatively, and exclusive of the Ku–band interface and real-time data, the C&DHS shall,
on command, forward stored instrument data to the DAS.

The C&DHS shall allow the commanded selectiotideselection of individual high-rate and
low-rate instrument data sources for processing.

The C&DHS shall transport data packets from instruments without sensitivity to the content
of the data transported.

The C&DHS shall receive a single set of instrument data for the several data destinations.

The C&DHS design shall not cause the loss of science data other than as caused by single
event phenomena or the BER of the system.

The C&DHS contribution to the end–to-end Bit Error Rate (BER) for science data delivery
to the COMS shall not exceed 1(Y8.

The SFX shall, as a standard service, apply FEC coding to the data received from the LRS
bus and from each HRDL.

The undetected BER contribution of the SFE shall be less than or equal to 1 x 10_12.

3.2.1.9.1 Data Transport Service

The following data transport services shall be as specified in the DFCB, 1S2008658 (a) the format
of Standard Service transfer frames,(b) the format for the Prim~ Header field,(c) the frame length,
(d) grade of service, and (e) the parity field resulting from the implementation of Reed-Solomon
code.

3.2.1 .9.1.1 Instrument Interface Configuration

The C&DHS architecture shall accommodate the selection, prior to Spacecraft integration, of
different virtual channel and instrument configurations on the space-to-ground and space–to-space
links.

3.2.1.9.2 Capacity

[1] The C&DHS shall accept CCSDS Version-1 source packets from instruments via multiple
interfaces at:

a. a peak aggregate data rate up to 125 Mbps,

[2] The C&DHS shall allow the reallocation of data handling capacity among instruments in
response to changing instrument operational configurations.

3.2.1.9.3 Low-Rate Data Handling

[1] The C&DHS shall be configured to accept data from at least 6 low-rate sources.
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[2] The C&DHS shall accept packetized data from the low-rate instruments and active CTIU
in accordance with Sections 6 and 7 of the GIIS, GSFC 420-(W02.

[3] The aggregate of all data received through the LRS bus shall be multiplexed together and
allocated to one downlink virtual channel.

[4] The Virtual Channel Identi]cation (VCID) assignment shall be as speci.tied in the DFCB,
1S20008658.

3.2.1 .9.3.1 Data Rates

[1] The C&DHS shall accept data through the LRS bus at any aggregate (i.e., all active sources
together) rate up to 200 kbps.

[2] The C&DHS shall be designed to accept data fkom any individual low-rate source as
specified in GIIS 6.3.5.7.2.

3.2.1 .9.3.2 Packet Sizes

The C&DHS shall accept variable-length packets through the Low-Rate Science Bus from a
minimum of512 (ancillary data packet) to a maximum length as speci.tied in paragraph 6.3.5.8.1
of the GIIS, GSFC 420-03-02.

3.2.1 .9.3.3 Low-Rate Science Bus

[1] The Low-Rate Science Bus shall be designed to meet the spec~lcations of Sections 6.3.1
through 6.3.5 and subparagraphs for interface configuration, broadcast mode, data transfer
timing, data bus data format, data bus transfer protocol, data packet transfer and polling rate
in GIIS, GSFC 420-03-02.

[2] The electrical and protocol interface requirements for all nodes on the bus shall comply with
Section 5 in the GIIS, GSFC 420-03-02.

[3] The bus address assignments shall be as speci.tied in Table X.

Table X. LRS Science Bus Address Assignment

~Remote Terminal Address IAddress I

CTIU-1 01

CTIU-2 02

IMOPI’IT I03 I
ICERES-FORE

1
I04

CERES-AFT 05

Test 06

[4] The polling sequence shall be capable of redefinition via ground controller command.

[5] Each active node in the sequence shall be polled for its readiness to transport a complete
source packet.
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[6] When anode is ready, full bus bandwidth shall be given to the data source for the length of
time required to transport the complete packet.

[7] The C&DHS shall implement retransmission of each message on failuxt of fmt
transmission.

[8] At the end of a packet transfer, the BC shall send an End-of-Transmission message to allow
the buffer to be reused.

3.2.1.9.4 High-Rate Data Handling

[1] The C&DHS shall provide multiple HRDL electrical data links for transporting instrument
science data to the C&DHS, as specified in Sections 5 and 6 in the GIIS, GSFC 420-03-02.

[2] The number of high–rate data interfaces provided shall be commensurate with the
requirements of the mission instrument set.

[3] The configuration shall provide 6 high-rate interfaces in accordance with UIIDS.

[4] The C&DHS shall accept packetized data from the high–rate instruments in accordance with
Sections 6 and 7 of GLIS,GSFC 42W03-02.

[5] The data source for each of the HRDL links shall be allocated a dedicated downlink virtual
channel.

[6] The VCID assignments shall be as specified in the DFCB, 1S20008658.

3.2.1 .9.4.1 Data Rates

[1] The data rates shall be as speciiled in Section 6.4 of the GIIS, GSFC–420-03-02.

3.2.1 .9.4.2 Packet Sizes

[1] The C&DHS shall provide the capability of accepting variable-length source packets
through the high–rate interfaces as speciiled in paragraph 6.4.2.1 of the GIIS, GSFC
420-03-02.

[2] The packet size on a single interface shall as specif5ed in the GIIS Table 6-7.

3.2.1 .9.4.3 High Rate Data Link

[1] Each HRDL link shall support a continuous input data rate of 50 Mbps.

[2) The C&DHS shall accept CCSDS Version-1 source packets from instruments via multiple
interfaces at a peak aggregate data rate up to 150 Mbps (i.e., all CADU overhead included).

[3] The C&DHS shall:

a. Permit the operation of instruments independently of each other within the total
instrument resource limits described herein

b. Allow the reallocation of data handling capacity among instruments in response to
changing instrument operational configurations.

67 DCC062693



PS20008567
28June1993

s

[4] Information shall be contained in the transmitted data to indicate the beginning of a packet
and the end of a packet.

[5] Encoding shall be used to embed clock information on the data stream to form a
self-clocking transmission.

[6] The HRDL bit rate shall be 63.5 Mbps.

[7] The electrical and protocol characteristics of the HRDL links shall be as specii3ed in the
GHS, GSFC 420-03-02.

3.2.1.9.5 Science Data Storage

[1] The C&DHS shall store at least 140 Gbit ( 140 x 109bits) of formatted instrument data for
later transmission.

[2] The science data storage data buffer sizes shall be capable of being configured.

[3] The science data storage data buffers shall be allocated based on Virtual Channel
Identification VCID).

3.2.1.9.6 Downlink Data

[1] The C&DHS shall, based upon configuration commands, forward streams of synchronous
data to the COMS for downlink.

[2] Each data stream shall represent a Physical Channel Access Protocol Data Unit (PCA-PDU)
as defined in Section 6 of the DFCB, 1S20008568.

[3] Each VCID data stream shall select for multiple destinations, e.g., record, DB, and DDL.

[4) The C&DHS shall provide data streams consistent with Table XI.

Table XI. Science Data Lhks

Downlink DataType DataRate Usage
Configura-

tion
Chan Chan Chan Chan

1 2 1 2
KSA PrB 150 PlaybackScienceDataDownlink

Mbps

KSA R/T 150 Real-timeScienceDataDownlink
Mbps

DAS Iv’I- 12.5 Rest-Time Direct Broadcast(LIB)
Mbps

DAS P/B 150 DirectPlayback(DP1)
Mbps

DAS RJT PIB 12.5 105 Real-Time DB & DP2
Mbps Mbps

DAS IUT NT 12.5 105 Real-Time DB and DirectDownlink(DDL)
Mbps Mbps

IUTReal-Time
P/B RecorderPlayback
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[5] When instilcient data is available to ffl up the real-time link bandwidth, the C&DHS shall
be responsible for inserting fill transfer frames into the data streams.

[6] The C&DHS shall minimize the amount of fill data added to this stream to the extent
practical.

[7] The playback data stream shall maintain a continuous bit clock with valid transfer frames
or a binary fill pattern of”1 101”.

3.2.1.10 GN&CS Safe Mode Support

3.2.1 .10.1 Handover

[1] The C&DHS shall support GN&CS safe mode by accepting and delivering command data
transfers containing safe-mode commands.

[2] Upon the receipt of an SCC OK message from the SCC, the C&DHS shall generate and
distribute:

a. Serial commands representing IM OK message as specified in paragraph 6.1.3.1.4 of the
GIIS,GSFC 420-03-02, to each designated recipient per the bus utilization table.

b. The C&DHS shall accept, decode, distribute and deliver a SCC–based FSWS command
data transfer containing the logic level pulse command for the IMOK:

1. to the Attitude Control Electronics (ACE)

2. to the Power Distribution Unit (PDU).

[3] The C&DHS shall continue to gather telemetry.

[4] The C&DHS shall continue to gather and distribute science data as long as the C&DHS is
so configured.

3.2.1 .10.2 C&DHS Safe Mode Commanding

[1] Upon command the C&DHS shall generate and distribute C&DHS safe-mode command
message to designated recipients per the bus utilization table.

a. Safe-mode command structure and safe-mode command for Spacecraft equipment with
an embedded RT shall be as specified in Paragraph 6.1.3.1.3 and paragraph 7.2.2.3.3,
respectively, in the GIIS, GSFC 420-03-02.

b. A logic level pulse safe-mode command shall be sent to the ACE and to the PDU.

3.2.1.103 Operational Constraints

Only a ground controller command will be used to exit from safe-mode.

3.2.1.11 Failure Tolerance

[1] The C&DHS shall perform the functions speci.tied herein after any single hard failure.
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The C&DHS redundant functional paths shall be sepamtedorprotected such that no single
event will cause loss of both paths.

No single failure shall cause other failun%.

The C&DHS shall allow the Spacecraft to be reconfigured to full operation via ground
commanding in the event of a single on-board failure or a single command error.

The C&DHS shall monitor the operation of its hardware and software components in order
to detect anomalous conditions which may indicate time-critical component failures.

All such sensed failures shall be reported to the ground via housekeeping telemetry.

For failure mode and criticality effects analysis purposes, Electrical Accommodations
Subsystem (EAS) failures shall be treated as C&DHS failures when C&DHS services are
interrupted.

When a failure occurs after which continued Spacecraft operation may threaten survival, the
C&DHS shall allow the Spacecraft to transition to a predefine safe operating mode.

3.2.1.11.1 Back–up Memory

The C&DHS shall maintain all computer memory loads which are critical to Spacecraft survival in
non-volatile storage for use in initiation or restoration of operations after anomalies.

3.2.1.12 Serviceability

The C&DHS shall be designed for servicing during integration and test.

3.2.1.13 Growth

The C&DHS architecture shall incorporate functional modularity where practical such that
performance and functionality growth may be realized via the incorporation of hardware and
technology upgrades to individual modules.

3.2.1.14 Orbit-Averaged Power

The C&DHS, over a period of one orbit, shall draw power within the bounds given in Table XII.

3.2.2 C&DHS Operational Modes

[1] The C&DHS shall accept, decode and execute commands which reconfigure the C&DHS
to support Spacecraft mode transitions.

[2] The C&DHS operational modes are (a) ground test, (b) survival, (c) standby and (d) science
as shown in Figure 26. The transition between C&DHS operational modes shall be as
depicted in the state diagram in Figure 26.

[3] The C&DHS operational modes shall map to all the Spacecraft operational modes as
depicted in Table XIII.

DCC062693 70



PS20008567
28 June 1993

Table XII. Orbit Average Power

Spacecraft Mode

Ground Test Survival Delta-v Standby Scienee Safe
Mode Mode Mode Mode Mode Mode

(rein) (max) (rein) (max) (rein) (max)

Power
(watts) 211 211 211 360 373 360 435 211 360

or SCC-based FSWS

Groundtype 1 or SCC-based FSWS

Groundtype 1 one or more C&DHScommandswhichimpactconfigurationand operation
Groundtype 2 a singlecommandto the SCC whichinvokesthe appropriateC&DHSstored

commandsequence
SCC-based FSWS SCC-basd FSWSmonitorseventsand invokesthe appropriateC&DHSstcn’ed

commandsequenceuponoccumence.This autonomousinvocationcanbe
enableddisabled bv mxmd command

Figure 26. C&DHS Operational Mode Changes
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Table XlII. Subsystem Operational Modes vsSpacwmft OpemtioAModes

Spacecraft Mode

C&DH Ground Stand-
Subsystem Mode Test Launch Survival by Delta-V Science Safe

Ground Test x

Survival x x x x

Standby x x x

Science x x x

[4] The C&DHS operational modes and the power state of the C&DHS components shall be as
shown in Table XIV.

Table XIV. Subsystem Operational Modes vs C&DH Component Power State

C&DHS Components
ON: poweredon

OFF:poweredoff
DC: don’t care

SSR SSR
Subsystem Mode CTIU BDU Scc SFE low high

Ground Test on on on off off off

Survival on on on off on off

Standby on on on dc on dc

Science on on on on on on

3.2.3 CTIU Services Available in Any C&DHS Operational Mode

[1] While in any C&DHS operating mode, the C&DHS shall provide the following services:

a. the uplink command data transfer reception from the S–band transponders and command
data transfer distribution

b. the SCC-based FSWS command data transfer reception from the high speed serial I/O
interface and command data transfer distribution

c. the periodic sampling, gathering and formatting of HLKtelemetry for distribution ( 1) to
the S–band transponder or hardline (umbilical) and (2) to the SCC–based FSWS

d. the periodic sampling, gathering and formatting of H&S telemetry for distribution (a)
to the S–band transponder or hardline (LV port)

e. the periodic gathering and formatting of diagnostic telemetry for distribution to the
S-band transponder or hardline (umbilical)
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the periodic sampling, gathering and formatting of SCC closed loop data for distribution
to tie SCC–based FSWS

the periodic transmission

Standard time service

Synchronization service

of the time mark on the TM&F bus to designated recipients

providing the processing and software resources required for the execution and storage
of the programs and data belonging to the onboard subsystems

the input and output of data from or to Spacecraft element’s sensors and effecters,
including appropriate signal conditioning and conversion of signals between the analog
and digital domains

accepting the SCC-based FSWS prepared and formatted ancillary data packet contained
in a command data transfer, then replicating and delivering the ancillary data message
to the onboard Instruments and transmitting it to the ground system

the onboard communication of digital data among the distributed hardware and software
components of Spacecraft subsystems and between Spacecraft
Instruments

the C&DHS components shall accept, decode and execute C&DHS
receipt.

C&DHS Ground Test Mode

[1] The C&DHS shall require standard synchronization services to be
transitioning to a higher state.

subsystems and

commands upon

available before

[2] Science data gathering, storage and delivery to the COMS high-rate links shall not be
available.

[3] The recording of I-UKtelemetry shall not be available.

3.2.3.1.1 Operational Equipment

[1] The nominal level of C&DHS operational components needed to fully support the C&DHS
ground control test mode shall be the active SCC, the active CTIU, and prime BDUS.

[2] The C&DHS shall not provide autonomous reconfiguration of C&DHS components
support a power-up ground control test mode.

3.2.3.2 C&DHS Survival Mode

[1] The survival mode shall be the lowest on-orbit power state of the C&DHS.

to

. [2] The minimum C&DHS survival mode shall be defined as (a) H/K telemetry will be capable
of being recorded on the SSR during this operational mode, and (b) the recorded SSR data
will be capable of playback.

[3] Science data gathering, storage and transmission to the COMS links shall not be available.
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3.23.2.1 Operational Equipment

[1] The minimum C&DHS operational components needed to support the C&DHS survival
operational mode shall be the active SCC, the active CITU, and prime BDUS, the SSR, at
l;w–power state, capable of recording and playing back the H/K telemetry.

3.2.3.3 C&DHS Standby Operational Mode

[1] The C&DHS standby operational mode shall be available for quiescent periods and C&DHS
checkout.

[2] While in standby mode, the C&DHS shall support diagnostic operations for Spacecraft
checkout by performing status checks.

[3] The minimum C&DHS standby mode shall be defined as(a) tecording H/K telemetry on the
SSR, (b) playback of the recorded SSR data, (c) simultaneously recording to the SSR while
playing back from the SSR, (d) standard time services are available, (e) real-time H/K
telemetry will be configured to be delivered to the SCC-based FSWS and (~ real-time H/K
telemetry delivered to the S-band transponder, if commanded.

[4] The C&DHS shall require that precise time services be available to transition to a higher
state.

3.2.3.3.1 Operational Equipment

[1] To support the nominal C&DHS standby operational mode, the following C&DHS
components shall be operational: active SCC, the active and standby CTIUS, prime BDUS,
and SSR capable of storing and playing back H/K telemetry only as well the SSR be capable
of recording and playing back both science and H/K telemetry.

[2] This C&DHS operational mode shall permit the following equipment scenarios:

a. Nominal] y, only one SCC will be operational, but the C&DHS design will permit both
SCCS in a powered state although only one will be active.

b. Only one CTIU shall nominally be in an active state.

c. The SFE and SSR will be operational to support the check out of the collection,
formatting, multiplexing, and recording of the multiple streams of packetized
Instrument science data.

3.2.3.4 C&DHS Science Operational Mode

[1] While in the science operational mode the C&DHS shall collect, format, multiplex, and
record the multiple streams of packetized Instrument science data.

[2] The minimum C&DHS science operational mode shall be defined as (a) H/K telemetry is
recorded on the SSR for later playback to the S–band transponders, (b) real-time H/K
telemetxy delivered to the S-band transponder, if commanded (c) real-time H/K telemetry
cotilgur~d to be delivered to the SCC–based FSWS, (d) I-UK telemetry delivered
inclusion in the low–rate science data stream (e) SCC closed loop data delivered to
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SCC–based FSWS, (f) H&S telemetry delivered to S-band transponder, if commanded,
(g) autonomous function is enabled to generate and deliver the C&DHS issued safe mode
command, (h) autonomous function is enabled to replicate and deliver the ancillary data
packet, (h) recorded low–rate and high–rate science data conilgure to be delivered to Ku
band or DAS modulators, (i) standard time services are available, and (m) precise time
services are available.

[3] In addition to the minimum level of operations in science mode, the C&DHS science mode
shall supply real-time science data to the Ku-band, DDL and DB equipments while
recording science data with data source mapping to downlink streams performed as required.

[4] The C&DHS science mode shall support the SSR capability of recording and playing back
science data as well as recording and playing back H/K telemetry upon command.

3.2.3.4.1 Operational Equipment

To support the nominal C&DHS science operational mode, the following C&DHS components shall
be operational: active SCC, the active and standby CTIU, and prime BDUS, SSR capable of
supporting both H/K telemetq and science operations and the SFE.

3.2.3.5 C&DHS Initialization

During Spacecraft power-up, the only required C&DHS powered components are the CTIUS.

3.2.4 Physical Characteristics

3.2.4.1 Mass

[1] The mass of the C&DHS shall not exceed 945 lbs.

[2] The center+f–mass, products of inertia, and mass estimate accuracies shall be as defined
in the mechanical portion of 1S20008501.

3.2.4.2 Durability

[1] The C&DHS shall be made up only of materials and components capable of withstanding
environmental conditions specified in 1S20008501 for 5 years without evidence of damage

[2] The C&DHS shall also withstand, without evidence of physical damage, any wear due to the
functioning of the system.

[3] Damage shall be considered to be any change in the C&DHS or components which may
degrade subsystem performance to levels below those spectiled herein.

[4] The C&DHS shall meet all operational requirements as speci13edherein, in the environments
spectiled in 3.2.7 for the duration of 5 years on orbit.

[5] Materials selection and documentation shall comply with the requirements of
GSFC 420-05-02, Performance Assurance Requirements for EOS Observatories.

3.2.4.3 Maintainability Impact on Design

To the extent practical, the C&DHS shall facilitate maintenance by being functionally,
mechanically, and electrically independent from all other Spacecraft equipment.
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3.2.S Power Characteristics

[1] The subsystem shall operate per the performance requirements speeilled herein when
supplied power as specifkd in Section 3 of 1S20008501.

[2] The under voltage condition shall exist when the input bus voltage goes under 58 V
fi%(TBR-2).

[3] An overvoltage condition shall exist when the input bus voltage goes over 132 V fi%

3.2.6 ReliabiMy

[1] The minimum capability required for C&DHS mission success shall be defined as the
capability of providing the Instruments with the minimum resources and services specified
herein for the mission life.

[2] The ability to transmit ali recorded science data to the COMS’s Ku-band TDRSS or X–band
DAS modulators shall be considered the minimum science transmission capability required
for success.

[3] The probability of mission
a five-year mission life.

3.2.6.1 Storage Restrictions

success (I?s)for the C&DHS shall beat least 0.843 (’T’BR-3)for

Limited–life components which may require change+ut during storage shall be identified and
tracked in the Critical Items List, 20008652.

3.2.6.2 Failure Propagation Restrictions

No single failure shall cause:

[1] The C&DHS shall ensure, to the extent practical, that no Instrument or component failures
may propagate failures to other C&DH S components.

[2] The C&DHS shall, on command, enable or disable acceptance of science data from an
Instrument which impacts the gathering of other Instrument data due an Instrument
malfunction.

3.2.6.3 Redundancy Management

[1] The C&DHS shall accept and execute commands to reconfigure the C&DHS as necessa~
to support subsystem redundancy management.

3.2.7 Environmental Conditions

[1] The C&DHS components shall remain undamaged during, and following exposure to the
Protoflight environmental test levels comesponding to the ambient environments defined in
Section 6 of the GIS, 1S20008501.

[2] The C&DHS and its components shall remain undamaged during, and following exposure
to the acceptance environmental test levels corresponding to the ambient environments as
defined in Section 6 of the GIS, 1S20008501.
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[3] Test levels shall be as defined in the Veritlcation Speci.ilcation, PS20005404.

[4] Damage shall be as defined in Section 3.2.4.2.

3.2.7.1 Storage, Integration and Test

The C&DHS shall be capable of being held for testing or storage for the period defined in Section 6
of the GIS, 1S20008501, under the storage conditions stated there for [1] thermal, [2] contamination,
[3] humidity, and [4] electromagnetic interference (EMI), without suffering my damage as defined
above.

3.2.7.2 Shipment

The C&DHS shall comply with the following transportation environmental requirements as defined
in 1S20008501 Section 6: [1] thermal, [2) contamination, [3] humidity, [4] EMI, [5] loads, and
[6] shock. The Spacecraft is assumed to be horizontal for all flight transportation and either
horizontal or vertical for all ground vehicle transportation.

3.2.7.3 Launch

The C&DHS shall comply with the following launch environmental requirements as defined in
1S20008501 Section 6: [1] thermal, [2] contamination, [3] Radiated RF, [4] EMI, [5] loads,
[6] shock, and [7] pressure [8] acoustic vibration, [9] lightning, and [10] cosmic ray.

3.2.7.4 Critical Pressure Operation

Any C&DHS components operating during launch and using +120 Vdc input power, as specfled
in Section 3.4, shall be designed with appropriate techniques to permit proper operation through the
critical pressure region of ascent.

3.2.7.5 On+mbit

The C&DHS shall comply with the following on-orbit environmental requirements as defined in
1S20008501 Sections 5 and 6: [1] thermal, [2] contamination, [3] pressure, [4] EMI, [5] loads,
[6] shock, [7] orbital debris, [8] micrometeoroids, [9] vibration, [1O]charged particle,[11] atomic
Oxygen, [12] magnetic, and [13] electro-static discharge.

3.2.7.5.1 Single Event Upset

The C&DHS shall be designed using parts that are immune to Single Event Upsets wherever
possible. An SEU-induced change of state that causes failure of the component shall be included
in the reliability analysis. An SEU-induced change of state in a component shall not cause failure
of other Spacecraft components.

3.2.7.5.2 Single Event Latchup

[1] C&DHS components shall be designed using parts that are immune to latchup, secondary
breakdown, other thermal runaway effects, and snap-back induced by cosmic ray ions.

[2] If immunity is not possible, components shall be protected through the use of appropriate
current limiting, latchup detection, and recovery circuitry.
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3.2.7.6 Electromagnetic Radiation

[1] The C&DHS shall be compatible with itsspecitled oper’ating environment ~drneetthe
requirements of the EOS Spacecraft, as speciiled by the EMC Control Plan, PN20005869.

[2] The C&DHS and its components shall comply with the ionizing radiation design
requirements specified in the environments section of 1S20008501.

3.3 Design and Construction

The fabrication requirements of the Requirements for Soldered Electrical Connections, NHB
5300.4 (A-l), Requirements for Interconnecting Cables Harness and Wiring, NHB 5300.4 (G),
Requirements for Crimping and Wire Wrap, NHB 5300.4 (H), Requirements for Printed Wiring
Boards, NHB 5300.4 (I), Requirements for Confonnal Coating and Staking of Printed Wiring
Boards and Eieetronic Assemblies, NHB 5300.4 (K), Requirements for Rigid Printed Wiring Boards
and Assemblies,NHB 5300.4 (K) shall be implemented.

3.3.1 Material, Processes, PaI@ and Finishes

All materials, manufacturing processes, parts and finishes shall be selected in accordance with the
corresponding requirements in the Program Approved Parts List (PA-325), 20008648 and Program
Approved Materials and Processes List (PA-460), 20008650.

3.3.2 Nameplates and Product Marking

All C&DHS components shall be labeled in accordance with the GIS, 1S20008501.

3.3.3 Workmanship

Workmanship during fabrication of the C&DHS components shall be in accordance with NASA
standards as specified in he Requirements for Soldered Electrical Connections, NHB 5300.4 (A-1 ),
Requirements for Interconnecting Cables Harness and Wiring, NHB 5300.4 (G), Requirements for
Crimping and Wire Wrap, NHB 5300.4 (H), Requirements for Printed Wiring Boards,
NHB 5300.4 (I), Requirements for Conformal Coating and Staking of Printed Wiring Boards and
Electronic Assemblies, NHB 5300.4 (K), Requirements for Rigid Printed Wiring Boards and
Assemblies,NHB 5300.4 (K).

3.3.4 Interchangeability

Each equipment shall be interchangeable with other equipments having the same part number.

3.3.5 Safety

[1] Measures for personnel safety shall be taken in all phases of the design, manufacturing, and
testing. The design shall meet the factors of safety presented in the mechanical section of
the GIS, 1S20008501.

[2] The C&DHS shall meet the requirements of the Safety section of the Product Assurance
Implementation Plan (PAP), 20005397.
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[3] The C&DHS design shall cause the Spacecraft to autonomously remain safe in the event of
any single on-board failure or any single command error. Interlock mechanisrnti techniques
shall be incorporated to prevent the execution of predeflned commands which are identtiled
as potentially hazardous to personnel or to the Spacecraft without the positive
acknowledgment of ground operators.

3.3.6 Electrical Connector Design

All electrical connectors shall be selected, sized, keyed, ardor marked such that incorrect
attachment to the mating connector is prevented.

3.3.6.1 Attachment of Connectors

All connectors shall attach such that the connectors cannot be inadvertently unlocked during ground
operations.

3.4 Documentation

All parent and component spectilcations associated with this specitlcation are shown in the EOS–A
Spacecraft Specification Tree, 20008536.

3.4.1 Software Documentation

All Computer Software Configuration Items (CSCIS) will be documented as spccifled in the
Software Management Plan, 20008655.

3.4.2 Operational Documentation

All operational requirements and constraints shall be documented in the Ground Systems
Requirements Database, 20043119.

3.5 Logistics

3.5.1 Maintenance

The C&DHS shall be designed to require no maintenance other than that required during long
periods of storage.

3.5.2 supply

Sparing shall be provided at the subassembly level for all components.

3.6 Precedence

3.6.1 Precedence of Design Criteria

C&DHS design decisions shall be made to accommodate the following design criteria in the
following order of precedence:
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a. Safety

b. Performance

c. Reliability

d. Cost

3.6.2 Documentation Precedence

If conflicts arise between documents, the C&DHS shall adhere to design requirements as stated in
the document nearest the top of the following list of requirement documents. The General Interface
SpecKlcation (GIS) is applicable to the C&DHS design only as invoked herein and is, therefore, not
included in the following list:

a. Requirements Document @D)

b. Product Assurance Requirements (PAR)

c. General Instrument Interface Specification (GSFC 420-0342)

d. Unique Instrument Interface Documents (UIIDS)

e. Contract End Item Spectlcation (CEI)

f. External ICDS

g. C&DHS Spec~lcation

h. Equipment Module Speci.tlcations

i. Component Specifications.

3.7 Major Component Characteristics

3.7.1 General Component Characteristics

3.7.1.1 Mass, Input Power and Reliability Allocations

The C&DHS components shall be designed to levels within the allocations shown in Table XV.
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Table XV. C&DHSAllocations

Component Qty Mass Input Power (Watts) Reliability
(lbs) (TBR-4)

Each Total Each Total Avg. (P,, =ch)

Scc 2 13.2 26.4 17.0 17.0 .9341

mu 2 28.5 57.0 34.3129.9D 62.2 .8550

BDU - Housekeeping 6 22.9 137.4 9.3 55.8 .9968

BDU - PROP 1 19.6 19.6 8.2 8.2 .9968

BDU- Instrument 3 19.6 58.8 8.2 24.6 .9968

SFE 1 40.0 40.0 75.0 75.0 .95

SSR– DCU 2 46.2 92.4 174131 17454B .92

SSR- DMU 2 252.0 504.0 (14/12)

Total 935.6 416.8 (.8266)

notes: Eil paren~~is indic~e dissipation
El activeJstandby
El sciencemode/low-uowermcxie I

3.7.1.2 Documents

[1] All C&DHS components shall conform to Sections 3,4,5, and 6 of the GIS, 1S20008501.

[2] The C&DHS components shall utilize the standard interfaces defined in the GIS,
1S20008501.

[3] All C&DHS components shall conform Sections 3,5,6 and 7 of the GIIS, GSFC 420-03-02,
the individual UHDS, and the individual Instrument C&DH ICD when interfacing with
Instruments.

[4] All C&DHS components shall conform to Sections 3 through 7 of the DFCB, 1S20008658
when interfacing with the ground operations and EOSDIS.

3.7.2 Scc

3.7.2.1 General Requirements

[1] The C&DHS shall provide a redundant pair of processors to be utilized by the SCC–based
FSWS.

a. A single SCC shall meet all mission requirements specitled herein and in the FSWS
Requirements SpecKlcation, 20005662.

b. The SCC shall fully implement and conform to the mandatory requirements of
MIL-STD-1750A and its options as specified unless specillcally excepted.

[2] The SCC shall be operational during all mission phases.

[3] The SCC shall be functional during launchlascent.
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[4] The SCC shall reset upon command.

[5] Each SCC shall have three mutually exclusive states:

a.

b.

c.

Firrnwwe state: only the fmware is successfully loaded and running

Standby state: the SCC-based FSWS is successfully loaded and running

Active state: the SCC-based FSWS is loaded and running in the SCC and has the
operational high speed VO interface with the active CTIU.

[6] The active operational state of the SCCS, shall be mutually exclusive.

[7] The functionality assigned to each operational state shall be as specified in Table XVI.

Table XVI. Functionality of SCC’SOperationalStates. .

FfW Standby Active

1 Provide SCC OK signal to BDU Yes
1

Yes Yes

2 Provide operational C&T RT which accepts and validates Yes Yes Yes
C&T bus messages

4 Accept C&T bus messages containing commands Yes Yes Yes
transmitted by the C&T BC (T/R==Receive,RT
subaddress==1)

5 Report failure of command execution Yes Yes Yes

6 Perform memory loads per memory load convention as Yes Yes Yes
specified in Section 5 of the DFCB, 1S2008658

7 Do memory loads based on absolute address Yes Yes Yes

B Do memory loads based on label (table) name No Yes Yes

9 Accept C&T bus messages containing memory loads Yes Yes Yes
transmitted by the C&T BC (T/R-Receive, RT
subaddress=2)

10 Report memory load status Yes Yes Yes

11 Accept C&T bus messages containing the SCC OK/IM OK Yes Yes Yes
message transmitted by the C&T BC (T/R-Receive, RT
subaddress=5)

12 Respond to IMOK message presence or absence No No Yes

13 Accept C&T bus messages containing the time code Yes Yes Yes
message transmitted by the C&T BC (T/R-Receive, RT
subaddress-6)

14 Implement the standard time services No Yes Yes

15 Accept C&T bus messages containing the C&DHS safe Yes Yes Yes
mode command transmitted by the C&T BC
(T/R==Receive,RT subaddress=7)

L
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Table XVI. Functionality of SCC’S Operational States (Continued).

F/w Standby Active

16 Respond to C&DHS safe mode command No No Yes

17 Accept C&T bus messages containing C&T loop back Yes Yes Yes
message transmitted by the C&T BC (T/R==Reeeive,RT
subaddress=9)

18 Accept C&T bus messages containing a data gather request Yes Yes Yes
message transmitted by the C&T BC (T/R-Transmit, RT
subaddress=9) and the C&T RT transmitting the speciiled
number of data words.

19 Maintain synchronization with the CTIU cycles and repal No Yes Yes
when out of synch

20 Perform memory dumps per memory dump convention as Yes Yes Yes
specified Sections 3 and 6 of DFCB, 1S20008658.

21 Do memory dumps based on absolute address Yes Yes Yes

22 Do memory dumps based on label (table) name Yes Yes Yes

23 Accept C&T bus messages containing memory dump Yes Yes Yes
gather request transmitted by the C&T BC (T/Retransmit,
RT subaddress=2) and the C&T RT transmitting the
specified number of data words (containing dump data).

24 Report memory dump status Yes Yes Yes

25 Sample and route H/K telemetry appropriate to the SCC No Yes Yes
operational state to H/K telemetry RT subaddress

26 Provide fill data in I-UKtelemetry RT subaddress Yes No No

27 Accept C&T bus messages containing a data gather request Yes Yes Yes
message transmitted by the C&T BC (T/Retransmit, RT
subaddress=17) and the C&T RT transmitting the
spectiled number of data words.

28 Sample and route H&S telemetry appropriate to the SCC No Yes Yes
operational state to H&S telemeuy RT subadciress

29 Provide fill data in H&S telemetry RT subaddress Yes No No

30 Accept C&T bus messages containing a data gather request Yes Yes Yes
message transmitted by the C&T BC (T/Retransmit, RT
subaddress= 18) and the C&T RT transmitting the
specified number of data words.

31 Execute commands associated with testing, diagnostic Yes Yes Yes
operations, checkout and FDIR appropriate to the SCC
operational state

32 Report fmware version number and modification updates Yes No No I
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Table XVI. Functionality of SCC’S Operational States (Continued)

34

35

41

42

. .

I IF/W IStandby IActive
1
Perform a CRC over an absolute address range upon Yes Yes Yes
command

Perform a CRC based on label (table) name No Yes Yes

Provide operational high speed serial I/O interfaces No No Yes
between the active SCC and active CTIU

Transmit command data transfers to active CTIU No No Yes

Generate and transmit ancillary data packet No No Yes

Generate and tm.nsmit SCC OK message No No Yes

Receive IMOK via BDU interface No No Yes

Accept and validate receipt of H/K telemetry No No Yes

Accept and validate receipt of SCC closed loop data No No Yes

Accept and re–transmit high speed serial I/O interface loop No No Yes
back message

[8] SCC fmware state:

a.

b.

c.

d.

e.

f.

The SCC shall autonomously petiorm a non-destructive, to the extent possible,
initialization processing at power-up and upon receipt of a met command

The SCC shall set the busy bit in the RT status word during its initialization which
includes the C&T RT initialization and reset it when ready to accept C&T bus traffic.

The SCC shall detect internal faults and report their presence.

The SCC shall store any results to be reported to ground controllers in a pre–planned
memo~ location for later retrieval via a memoty dump.

The SCC shall provide fill data indicative of the F/W operational state for H/K telemetry
and H&S telemetry data gather requests.

Host responsibility for an embedded RT

1.

2.

3.

The SCC shall monitor the C&T RT message transactions.

The SCC shall allow for a possible re-transmission before routing the C&T RT
stored message content for subsequent processing and also route it in within
16 msecs.

The SCC shall detect when a read of the RT subaddress for dump and
subsequently store additional dumped data in that RT subaddress within 4 minor
cycles.

[9] A powered-on SCC shall:
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a. perform a health check upon SCC hardware

b. toggle an SCC OK signal level every 1.024 seconds *1OOpsec unless a fault is detected

c. reset fault state upon command.

3.7.2.2 Memory Requirements

[1] The ROM shall meet the optional MIL-STD-1750A requirement for start-up ROM.

[2] The ROM shall contain bootstrap and processor self-test routines in fmware to be invoked
on power-up or on command.

[3] Memory management shall comply with MIL-STD-1750A.

[4] The SCC shall provide the following MIL-STD-1750A options.

a. memory parity

b. lock and key access protection

c. memory fault status register

3.7.2.3 Commendability

SCC hardware and fmware commands are specified in Appendix I.

3.7.2.4 Size

The SCC length (L), width (W) and height (H) shall not exceed the following dimensions: 5.0” (L)
x 10.9” (w) x 9.1” (H).

3.7.2.5 Interfaces

3.7.2.5.1 BDU Interface

[1] Each SCC shall provide an interface to an internally redundant BDU for power and status
monitoring.

[2] Each SCC shall receive commands for power control and processor reset from the BDU
interface.

3.7.2.5.2 C&T Bus Interface

[1] The SCC shall provide aMIL-STD-1553B serial interface.

[2] The SCC shall be configured as an RT on the C&T bus.

3.7.2.5.3 High Speed Serial I/O Interfaces

[1] The active SCC shall initialize and support the operations of the serial I/O link.
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[2] The SCC shall accept &ta from either CTIU, but not simultaneously, at a transfer rate of
500 kbps.

3.7.2.5.4 Thermal

The primary method of heat dissipation shall be conductive to the base plate.

3.7.3 CTIU

[1] The CTIUS shall be externally redundant.

[2] Each CTIU shall have

3.7.3.1 Performance

a unique C&T RT address.

3.7.3.1.1 Command Reception and Distribution

[1] There shall be two nominal operational states for a CTIU

a. active

b. standby.

[2] Both CTIUs shall be permitted to be in standby operational state at the same time.

[3] A CTIU shall have a non-operational self-test state.

3.7.3.1.1.1 Uplink Command Data Transfer

[1] The CLTU processing by a CTIU shall begin within 30 seconds of application of power.

[2] The CLTU processing by a CITU shall be disrupted for no greater than 30 seconds after a
CTIU reset.

3.7.3.1 .1.1.1 S-Band Transponder Input

[1] As shown in Figure 27, in the event of simultaneous detection of RF lock = true bit-lock =
true and a CLTU synchronization marker detected from the S-band transponders by a CTIU,

a. CTIU 1shall process CLTUSfrom its A electronic interface with the S–band transponder

b. CTIU 2 shall process CLTUSfrom its A electronic interface with the S-band transponder.

[2] The 1553B terminal addresses shall be used to indicate a CTIU’S designation as 1 or 2 and
in the determination of the Spacecraft ID.

[3] The CTIUS shall interface with the S–band forward link service as speciiled in Table XVII.
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S-Band ‘Ikansponder 1 S-Band Transponder 2

CTISJ 1 CTIU 2

Figure 27. CTIUInput Ports with S-Band’Ikamponders

Table XVII. Forward Lbk Service Interface-—--- --------- ..—. ————————-—

Capabilities Standby Active
CTIU CTIU

1 Always have one of the two S–band transponders electronic Yes Yes
interfaces enabled

2 Upon command, disable one of the two enabled S–band Yes Yes
transponder electronic interfaces

3 Upon RF and bit leek, ignore the other S–band transponder Yes Yes
electronic interface and begin data acquisition

4 From the S–band transponder which was selected for data
acquisition:

a. send the Doppler initiate signal and receive the Doppler sample Don ‘t Care Yes
mark signal

b. receive the PN epoch code Don ‘t Care Yes

5 Report loss of data acquisition in telemetry Yes Yes

3.73.1 .1.1.2 Uplink Command Data Transfer Processing

The CTIUS shall perform uplink command data transfer processing as specified in Table XVIII.
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Table XVIII. Uphk Command Data Transfer (CLTU) Processing

1

2

3

4

5

6

7

8

ICapabilities IStandby
I CTIU

Perform uplink command data transfer processing whenever a Yes
CLTU is addressed to that CTIU in accordance with the DFCB,
1S20008658

Ignore CLTUS unless addressed (based Spacecraft ID in CLTU Yes
header) to that CTIU

If RT address not same as CTIU RT address, report in telemetry Yes
receipt of invalid command

Generate a CLCW Yes

Insert CLCW in CCSDS VCDU trailer for H/K telemetry No

2
Active
CTIU

Yes

Yes

No

-

Yes

Yes

Insert CLCW in I-UKtelemetry once per CADU Yes Yes

Insert CLCW in CCSDS VCDU trailer for H&S telemetry No Yes

Insert CLCW in H&S telemetry once per CADU Yes No

3.7.3.1.1.2 SCC–to-CTIU Command Data Transfer

The active CTIU shall have an operational interface only with the active SCC to receive command
data transfers via the SCC-to-CTIU high speed serial T/Ointerface.

3.7.3.1.1.3 Command Distribution

The CTIUS shall perform command distribution as spectiled in Table XIX.

Table XIX. Command DMribution

Capabilities Standby Active
CTIU CTIU

1 Be the C&T BC No Yes

2 Be a C&T RT Yes No

3 Accept, decode and distribute 10 the C&T bus the command data No Yes
transfers which were received from either a forward link service or the
SCC-based FSWS

4 If RT address is unassigned, report in telemetry receipt of invalid No Yes
command.

5 Accept, decode and execute command data transfers received via the Yes No
C&T bus

6 Accept, decode and execute SCC–based FSWS transmitted command No Yes
data transfers received via the SCC-to-CTIU serial l/O whose RT
address is the same as the CTIU
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Table XIX. Command Distribution (Continued)

Capabilities Standby Active
CTIU CTIU

7 Execute Spacecraft cordiguration commands (CTIU relay driver Yes Yes

executes these commands)

8 Execute a hardware disable command to deactivate the other CTIU. Yes Yes

3.7.3.1.1.4 CTIU C&T RT Subaddress

[1] The CTIUS shall use the following RT subaddresses as speciiled in Section 5 of the DFCB,
1S20008658, Section 6 of the GIIS, GSFC 420-03-02 and shown in Table XX:

Table XX. CTIU C&T RT Subaddresses

Standby Active
CTIU CTIU

T/R= Receive

RT subaddress O,mode code [via C&T bus only] Yes No

RT subaddress 1, command Yes Yes

RT subaddress 2, memory load data Yes Yes

RT subaddress 3, SCC OK/IM OK [via C&T bus only] Yes No

RT subaddress 7, safe mode command [via C&T bus only] Yes No

RT subaddms 9, loop back [via C&T bus only] Yes No

T/R= Transmit

RT subaddress 2, memory dump data [via C&T bus only] Yes No “’”

RT subaddress 9, loop back [via C&T bus only] Yes No

RT subaddress 17, H/K telemetry [via C&T bus only] Yes No

RT subaddress 18, H&S telemetry [via C&T bus only] Yes No

RT subaddress 31, mode code [via C&T bus only], Yes No

3.7.3.1.1.5 CTIU Commands

The CTIUS shall perform command execution as speciiled in Table XXI.

89 DCC062693



PS20008567
28June1993

=

Table XXI. CTIUCommand Execution

Capabilities Standby Active
CTIU CTISJ

1 Accept, decode and begin to execute a CTIU command (I?T Yes Yes
address-CTIU’s) no later than minor cycle N+l when scheduled for
delivery by the bus utilization table in minor cycle N

2 Upon command, the CITU shall supply information, via the diagnostic Yes Yes
data stream, to the ground controller concerning:
a. versions and dates concerning baseline fmware and
subsequent modifications
b. table locations and sizes.

3 Upon command, the CTIU shall calculate a CRC value and storing it Yes Yes
a defined memory location to be dumped via the diagnostic data stream
later by the ground controller for a:
a. table (label)
b. absolute address range.

4 Accept memory loads via the uplink path where the Spacecraft ID and Yes Yes
RT address in the uplink command data mnsferindicates execution by
the object CTIU

5 Accept memory loads and related commands via C&T bus Yes No

6 Dumping memory via C&T bus Yes No

7 Dumping memory dtictly to S–band transponder No Yes

8 Execute CTIU reset upon command Yes Yes

9 Reflect the execution of a CTIU command in telemetry no later than Yes Yes
8 seconds after the execution was completed

3.7.3.1.1.6 Verification of Electronic Interfaces

The CTIUS shall support vefilcation of electronic interfaces as specified in Table XXII.

Table XXII. Verification of Electronic Interfaces

Capabilities Standby
CTJSJ

1 Executing commands to verify C&T BC interface with a C&T RT is No
functional, i.e., performing a loop back

2 By reporting problems with communicating with C&T RTs in No
telemeuy

3 By setting a busy bit in C&T RT status word until capable of Yes
communicating with the C&T BC during initialization

4 By setting a busy bit in LRS RT status word until capable of Yes
communicating with the “LRSBC during initialization

~

Active
CTIU

Yes

1Yes

A
No

Yes
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Table XXII. Verification of Electronic Interfaces (Continued)

Capabilities Standby Active
CTIU C’rru

5 Upon command, issuing a loop back command via the CTIUt*SCC No Yes
serial interface to the active SCC and expecting its return on the
SCC–to-CTIU high speed serial I/O interface

6 Upon command issue the high speed serial I/O local loop back Yes Yes

3.7.3.1.1.7 CTIU Memory Load

The CTIU which is the object of the memory load shall comply with the following memory load
scenario:

[1]

[2]

[3]

[4]

[5]

A CTIU memory load operation shall consist of loading a contiguous block of CTIU memory
involving one or more individual load transactions (command data transfers) where each
transaction will have a maximum of 32 data words except the last which may have from 1 to
32 data words.

The object CTIU shall accept, decode and begin to implement the load parameters in the
memory initiate load command within the next minor cycle following the command delivery
and complete processing within 3 minor cycles following the command delivery.

The memory initiate processing shall include the following:

a. load start location by label (table) name

b. retain CRC and the expected total word count

c. report status in telemeby.

The object CTIU shall accept, process and store a subsequent command data transfer
containing the memory load within 3 minor cycles following the minor cycle in which it
was delivered.

The memory load processing shall include the following:

a.

b.

c.

d.

ignore the receipt of any memory initiate load command until the cument memory load
operation is complete

only over–write within the range of addresses based on data in the memory initiate load
command

Upon receipt of the last memory load in a memory load operation compare the on–board
computed CRC with the CRC supplied in the memory initiate command

ttport status.
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3.73.1.1.8 CTIU Memory Dump

The CTIU which is the object of the memory dump shall comply with the following memo~ dump
scenario:

[1]

[2]

[3]

[4]

[5]

[6)

[7]

[8]

A CTIU memory dump operation shall consist of dumping a contiguous block of CTIU
memory involving one or more individual dump transactions (dump data blocks) where each
transaction will have a maximum of 32 data words except the last which may have from 1
to 32 data words.

The object CTIU shall accept, decode and implement the dump parameters in the memory
initiate dump command within 4 minor cycles sent to it following the minor cycle in which
the command was delivered.

The object CTIU’S memory initiate dump command shall include the following:

a. dump start location which may be either an absolute address or by label (table) name

b. calculate a CRC, if so directed

c. report in telemetry if everything is OK to proceed or if there is a problem

d. the object CTIU shall perform a memory dump to an accessible location for gathering
no later than the third minor cycle following the minor cycle in which the memory initiate
dump command was delivered

The initiate memory dump gather command sent to the active CTIU shall conform to the
memory dump conventions spectled in Section 5 of the DFCB, 1S20008658.

The active CTIU shall implement the initiate memory dump gather command within 4 minor
cycles of receipt and issue the first memory dump gather request 2 time mark instants after
the initiate memory gather command was implemented.

DuMg an ongoing memory dump operation, the object CITU shall ignore the receipt of
memory initiate dump command sent to it.

The object CTIU shall:

a. store the next memory dump data at an accessible location for retrieval no sooner than
100 ~secs after the object CTIU detected the dump data was gathered and no later than
32 msec

b. report status.

The CTIU shall accept, decode and execute a CTIU command to abort a memory dump
operation.

3.7.3.1.1.9 CTIU Reset Commands

[1] The CTIU shall have the following methods of reset:

a. CTIU-OK timer

1. Every 1.024 seconds, the CTIU shall reset a hardware timer and update an
“operational state” hardware register with the CTIU’s current operational state.
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2. The hardware timer’s timeout period shall be 2.048 seconds.

3. The CITU shall execute the CTIU reset and ~tum to the same operational state
[active, standby] it was in pnorto the occurrence of the time-out of the hardware
timer.

b. Firmware reset:

1. The CTIU fmware shall execute the CTIU reset on command.

2. The CTTUshall be in the standby operational state at the end of the reset.

c. Remote Reset:

1. The CTIU shall execute the CTIU reset upon receipt of a hardware signal from
the other CTIU.

2. The CITU shall be in the standby operational state at the end of the reset.

d. Power-on and initialize reset: Both CTIUS are initialized and reset upon application of
power and the operational state for CTIU 1 is active and CTIU 2 is standby.

1. Each CTIU shall execute the CTIU reset upon power–up.

2. CTIU1 shall become the active CTIU.

3. CTIU2 shall become the standby CI’IU.

3.7.3.1 .1.9.1 CTIU Reset Response

[1] The CTIU shall implement the CTIU reset command as follows:

a.

b.

c.

d.

e.

f.

g.

h.

i.

j.

perform diagnostic tests

download the CTIU fmware from PROM

initialize the Spacecraft clcxk to the default date/time

do fmware status checks

activate the CTIU uplink commanding processes

configure but not activate all C&DHS links with the S–band @ansponder for H&S
telemetry

configure but not activate the link to SSR for WK telemetry

configure but not activate the link to the LV port for H&S telemetry

configure but not activate the link to the umbilical port for I-UKtelemetry

disable autonomous delivery of safe-mode command messages
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k. disable autonomous delivery ofancill~titim~=ge

1. disable autonomous delivery IMOKmessage

m. initialize the C&T RT

n. initialize the LRS RT

o. place the CTIU in a standby state by the end of this sequence.

3.7.3.1.1.10 Remote Hardware Disable Interface

[1] The CTIU shall accept a relay drive command for remote hardware disable.

[2] Upon receipt of this command, the CTIU shall disable the TM&F bus, the C&T BC function,
and the function to distribute telemeny to the S–band transponder.

3.7.3.1.1.11 CTIU Operational State Transitions

3.7.3 .1.1.11.1 Standby to Active

Upon receipt of the CTIU command to transition to an active state from a standby state, the following
shall occur by the end of the activation sequence:

a. activate the C&T bus managementicontroller function

b. distribute and deliver command data transfers

c. a master cycle shall be established on a time mark instant

d. activate the bus utilization schedule, which covers minor cycle tasking, starting on a
master cycle

e. activate the downlink to the S-band sta.ning on a master cycle

f. activate the transmission of data over the LRS

g. place the CTIU in an active state by the end of this sequence.

3.7.3 .1.1.11.2 Active to Standby

[3] Upon receipt of a CTIU command to transition to a standby state from an active state, the
following shall occur by the end of the activation sequence:

a. deactivate the C&T bus managementicontroller function

b. deactivate the distribution and delivery of command data transfers

c. disable autonomous delive~ of IMOK messages

d. disable autonomous delivery of ancillary data message
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e. deactivate the bus utilization table

f. deactivate thedownlink tothe S-band statting onamaster cycle

g. deactivate thetransmission ofdataoverthe LRS

h. initialize the C&T RT

i. terminate transmission of packets via the LRS bus

j. place the CTIU in a standby state by the end of this sequence.

[4] The active CTIU shall accept commands to become standby.

[5] The standby CTIU shall accept commands to become active.

3.7.3.1.1.12 CTIU Test, Diagnostic Operations and Checkout Cornrnands

[1] The active CTIU shall support ground controller commands to perform loopback for
Spacecraft equipment with C&T RTs by:

a. accepting a command data transfer to petiorm a loopback test on a speci.tied RT using
pattern A [all As] or pattern B [all 5s] on the C&T bus

b. delivering the loopback 32-data word pattern [A or B] to the designated recipient in a
minor cycle/message type which permits a memory dump but only if there is no memory
dump activity on-board.

c. generate a data gather request to the designated recipient causing the loop back to be
transmitted to the CTIU in the next available minor cycle/message which permits a
memory dump but only if there is no memory dump activity on–board

d. comparing the loopback data received from the designated recipient against the CTIU
resident fill pattern

e. storing the Ioopback test results in a defined memory location for later retrieval by the
ground controller.

[2] The active CTIU shall support the following loopback scenario on the high speed serial I/O
interfaces with the SCC as follows:

a. The CTIU shall transmit a loop back message to the designated active SCC–based FSWS
over the CTILJ-to SCC high speed serial interface.

b. The CTIU shall wait to receive the Ioopback message on the SCC–to-CTIU serial
interface unless there is no response back from the SCC-based FSWS within a
half-second, then the CTIU shall repeat the loopback a maximum of 4 more times spaced
at half second intervals.

c. Upon receipt and verification of the loop back message from the SCC–based FSWS, the
CTIU shall indicate in telemetry the high speed serial VO linkage is OK.
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[3]

[4]

[5]

=

d. If there is no response after the additional attempts, the CTIU shall report the high speed
serial I/O linkage is not OK in teleme~.

e. If failure occurred, the CTIU shall invoke a local loop back command and report the
results in telemetry.

The CITU shall perform loop back for the SCC/CTIU high speed serial I/O interfaces upon
command.

A CTIU shall support ground controller commands to perform the CTIU self-test scenario
by:

a.

b.

c.

d.

e.

f.

g.

h.

accept, decode and execute a command data transfer to enable the CTIU self-test state

reporting the enable self-test state in H&S telemetry

accepting, decoding, and executing a command data transfer to do a CTm self-test

changing its current operational state to a test state

performing the tests which do not inhibit the CTIU from returning to its prior operational
state

writing the test results in a defined location in memory for later rerneval by the ground
controller

as part of completion, disabling CTIU self-test state

at completion of the self-test, returning to its prior operational state [standby or active].

The CTIU shall accept a command data transfer to disable the CTIU self–test state.

3.7.3.1.2 Telemetry Data: Sampling, Gathering, Formatting and Distribution

3.73.1.2.1 Data Sampling

The CTIUS shaIl provide the following capabilities to sample data as specified in Table XXIII.

Table XXIKI. Data Sampling

Capabilities Standby Active
CTIU CTIU

1 Sample its own data intended for H/K telemetry, H&S telemetry, SCC Yes Yes
closed loop, and diagnostic based on both the CTIU’Soperatiomd state
and CTIU telemeoy requirements specified in Appendix I

2 Transmit BDU sample schedule tables No Yes

3.7.3.L2.2 Data Gathering

The CTIUS shall provide the following capabilities to gather data as speciiled in Table XXIV.
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Table XXV. Data Gathering

Capabilities Standby Active
CTIU CTIU

1 Gather H/K telemetry from Spacecraft equipment No Yes

2 Gather H&S telemetry from Spacecraft equipment No Yes

3 Gather SCC closed loop data from Spacecraft subsystems No Yes

4 Gather diagnostic data from Spacecraft equipment No Yes

3.73.1.2.3 Data Distribution

The CTIUS shall provide the following capabilities to distribute telemetry data as spectiled in
Table XXVI.

Table XXVI. Data Distribution

Capabilities Standby Active
CTIU CTIU

1 Distribute H/K telemetry to SCC–based FSWS No Yes

2 Distribute SCC closed loop data to SCC–based FSWS No Yes

3 Bean operational LRS RT Yes Yes

4 Distribute H/K telemetry for inclusion in the low-rate science data No Yes

5 Distribute ancillary data for inclusion in the low-rate science data No Yes

6 Distribute H/K telemetry to the SSR for later playback to S–band No Yes
transponders

7 Distribute SSR recorded HIK telemetry to S-band to the S-band No Yes
transponder for playback to the ground

8 Distribute real–time H/K telemetry to tie S-band transponder No Yes

9 Distribute real-time H&S telemetry to the S-band transponder No Yes

10 Distribute diagnostic data stream to the S–band transponder No Yes

3.73.2 Computing Resources

[1] The CTIU shall, as a minimum, provide the following computing resources:

a.

b.

c.

750 KIPS instruction throughput

96 K ROM

192 KRAM.

[2] A single CTIU shall meet all mission requirements specified herein.

[3] The CTIU shall allocate computing resources for the BDU sampling
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[4] The CTIU shall allocate computing resources for the bus utilization table.

[5] The CTIU shall allocate computing resources for the S-band uplink command data transfer
processing.

[6] The CITU shall allocate computing resources for S-band downlink processing.

[7] The CTIU shall allocate computing resources for SCC-to-CTIU high speed serial I/O.

[8] The CTIU shall allocate computing resources for the CTIU-tcACC high speed serial I/O.

[9] The CTIU shall allocate computing resources for the C&T bus.

[10] The CTIU shall allocate computing resources for signals received from other Spacecraft
subsystems and for their processing

a. MO frequency reference error detection

b. PN epoch pulse

c. Doppler measurement.

[11] A CTIU shall allocate computing resources to itself for

a. executing its own commands

b. generating its required telemetry

c. time distribution and synchronization services

d. distribution and delivery of command data transfers

e. managing the diagnostic data gather requests

f. managing the C&T BC when an active CTIU

g. managing the C&T RT when a standby CTIU

h. managing the LRS RT

i. managing its own memory loads

j“ managing its own memory dumps

k. managing onboard memory dumps

1. tests

m. FDIR.

3.7.3.2.1 CTIU Functions

3.7.3.2.1.1 Time Services

[1] The CTIU shall maintain a Spacecraft clock in both the standby and active CTIUS.

[2] The active and standby CTIU shall monitor the supplied MO frequency reference using the
internal crystal oscillator frequency in the CTIU.
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[3] If an emor occurs:

a. The active and standby CI’IU fmware shall command the CTIU hardware to use its own
internal crystal oscillator frequency instead of the Master Oscillator frequency

b. The active CTIU shall command the TM&F bus off

c. The active and standby CTIU shall inform the ground controller, via the downlink
telemetg’, when this event occurs.

[4] The autonomous switching from a MO to the internal oscillator shall be enabled or disabled
upon command.

[5] The monitoring of the MO frequency reference using the internal crystal oscillator in the
local CTIU shall be enabled or disabled upon command.

[6] If the frequency reference is unreliable or not available, the following functions shall be
suspended

a. distribution of the IMOK messages

b. C&T bus activity

c. telemetry distribution to the S–band transponders, hardlines, LRS bus, SCC.

3.7.3 .2.1.2 C&T BC

The active CITU shall have a set up time of 60 * 16 psec. This is the time elapsed from hardware
intemupt signaling 8.000 tick to time the fmt bit of the f~st word of a message appears on the bus.
See Figure 28.

Hardware interrupt representing 8.000 tick (also start of minor cycle) ,

~ Setup time

~ 1553B comrnandvvord + could have 1-32 data words if T/R=Receive

= Response time

~ 1553B status word + could have l-32 data words if T/R=!Ikansmit

Inter-message gap

Figure 28. Minor Cycle Timing

3.73.3 Interfaces

3.7.3.3.1 Thermal

The primary method of heat dissipation shall be conductive to the base plate.
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3.7.4 Bus Data Unit (BDU)

3.7.4.1 General Requirements

[1] The BDU shall accept and process a command data transfer via the C&T bus throughout all
mission phases.

[2] The BDU shall sample and format telemetry for transmission throughout all mission phases.

[3] The BDU shall be internally redundant.

[4] The BDU shall be reconfigurable in the event of a single failure.

[5] The BDU shall perform an autonomous self-initialization upon application of power.

3.7.4.1.1 CTIU to BDU Power On/Off Commanding

[1] The BDU shall be powered ordoff via relay drive commands executed by “theCTIU.

[2] The BDU power otioff commands shall be as follows:

a. Side 1 On

b. Side 1 Off

c. Side 2 On

d. Side 2 Off

[3] The BDU shall become operational and communicating with the CTIU within 1.024 seconds
after power is applied.

3.7.4.2 BDU Sub-Minor Cycle Task Processing

[1] The BDU shall operate on 1 millisecond subdivisions of the Spacecraft 8 millisecond minor
cycle as shown in Figure 29.

[2] The BDU shall assume”each command data transfer shall have, at most, one possible
re–manumission.

[3] The BDU shall process a validated message containing a command (T/R=Receive, RT
subaddress=l ) in sub-minor cycle 7 of the same minor cycle only if it was received during
the fmt 6 sub-minor cycles.

[4] The BDU shall process a validated message containing a data gather request (TiR=Transmit,
RT subaddress=3) for data sampled in some prior minor cycle.

[5] The BDU shall process a validated message containing a BDU sample schedule table
(T/R=Receive, RT subaddress=3) from 1 to 16 entries, starting at transition to sub-minor
cycle 3 and ending at the transition to sub-minor cycle 7, only if the BDU sample schedule
table was received within the first 3 sub-minor cycles of the same minor cycle N.

3.7.4.3 Commendability

[1] The BDU commands shall be executed as specified in Appendix I.
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Sub-Minor
Cycle No.

I Command Message

l-+
Data Gather Message

b
Sample Schedule
Table Mess e Telemetry Sampling

●

Command
●$IeCUP” n

T

o 1 2 3 4 5 6 7

.

l-l1 msec

Telemetry Sampling
Slot No. o 1 2 3 000 1.2 13 14 15

-’lt 250’s=.
8 msec Minor Cycle N 4

Figure 29. BDU Sub-Minor Cycle Task Processing

[2] The BDU command structure shall be as defined in DFCB, 1S20008658.

3.7.4.4 Testing

[1] The BDU shall accept a message (T/R==Receive, RT subaddress=9) from the CTIU
containing a loop back for storage and, on receipt of another message (T/Retransmit, RT
subaddress=9), do subsequent transmission to the CTIU.

[2] The Ioopback test pattern returned to the CTIU shall only be 1 data word, the last word in
the loop back pattern.

3.7.4.5 BDU Environment and I/O Quantities

The BDU Environments and I/O quantities shall be as specified in Table XXVII.

3.7.4.6 Functional Requirements

3.7.4.6.1 C&T Bus Inputs

a. Commands
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Table XXVII. BDUEnvironments and UOQ~ntities

BDU ~pe I/O ~ & Quantities (TBR-5) Envir

A B c D P

GN&C 16 128 64 192 P
POWER
COMS/C&DH
DAS, SSR, RWA

Instrument o 96 0 192 E

Propulsion 16 96 0 128 P

I/o Types:
A: Serial I/O
B: Relay Drive
C: Logic Pulses
D: Active Analog/Passive Analog/Active Bi-levelm/Passive Bi-level

Environments:
E: Exposed [open to deep space]
P: Protected [inside a higher assembly]

❑ Instruments do not use Active Bi-level

b. Synchronize with data word

c. Data Sampling Tables ~/K telemetry, H&S telemetry, SCC closed loop]

d. Data Gathering Requests ~/K telemetry, H&S telemetry, SCC closed loop]

e. Bus management commanding by the CTIU

3.7.4.6.1.1 Processing Requirements

[1] The BDU shall maintain synchronization with the CTIU minor cycle.

a.

b.

c.

d.

DCC062693

The BDU shall reset its su~rninor cycle task schedule upon its RT reception of a valid
synchronize with data word.

The BDU shall ignore the data word portion of the synchronize with data word.

In the event of a retransmission of the synchronize with data word, the BDU shall
re–synchronize to the second transmission of the synchronize with data word.

The accuracy of the point of synchronization within the BDU shall be 26 * 4 psec
(TBR-6) relative tothecommand synch zero crossing of the synchronize with data mode
code as shown in Figure 30.
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[2]

26 psec * 4 psec

.

tu 1

Command Sync
Synchronize with Data mode code

Subminor Cycle
Task Schedule

Figure 30. Minor Cycle Synchronization

e. The minor cycle drift between scheduled receipt of the synchronize with data word mode
code commands shall be* 26 psec as shown in Figure 31.

256.000 millisecond * 26 Bsec ,

t
MinorCycleIntend
TimerReset

Minor Cycle N

t

Sub-minor Cycle
Task Schedule

Minor Cycle N + 32

Figure 31. Minor Cycle Drift Over 32 Minor Cycles

The BDU shall accept and process messages to issue serial, relay pulse, or logic level pulses
commands received via the C&T bus.

a.

b.

c.

d.

e.

There shall be a maximum of 1 minor cycle command task (T/R-Receive, RT
subaddress= 1) every minor cycle.

If a relay drive command was executed in rninorcycle N then in rninorcycle N+l through
minor cycle N+ 12, the BDU shall execute at least one message containing a command
per minor cycle providing the command is eithen

1. a logic level pulse command

2. or up to 6 serial command contained within the same message.

The BDU shall respond to a command (T/R=Receive, RT subaddress=l) received after
the transition from sub-minor cycle 6 to subminor cycle 7 as a timing fault.

If a validated command was received in minor cycle N prior to a timing fault occurring
in the same minor cycle, the validated command shall be processed in suhninor cycle 7.

All commands, except the relay drive commands, shall starl and complete in subcycle 7.
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f. The BDU shall begin to process command within 35 * 15 psec (TBR-6) of the transition
to subcycle 7.

g. For a command containing additional data words where each data word contains serial
command, the BDU shall begin to process the next data word within 35 * 15 psec
(TBR-6) of the preceding data word.

h. The BDU shall complete an ongoing relay drive command initiated in a prior rninorcycle
if a timing fault was detected in a subsequent minor cycle.

[3] Data sampling:

a. The BDU shall accept a BDU sample schedule table in any minor cycle.

b. Only upon receipt of a new BDU sample schedule table in minor cycle N, shall the BDU
begin to sample the data in minor cycle N.

c. The BDU shall respond to a BDU sample schedule table (T/_R=Receive, RT
subaddress=3) received after the transition from sub-minor cycle 2 to subminor cycle
3 as a timing fault.

d. The BDU shall sequentially process the entries in BDU sample schedule table allocating
a fixed 250 milliseconds time to each entry.

e. The initiation of sampling starting on the transition to sub-minor cycle 3 or starting a
subsequent 250 psec sampling slot shaIl be 35* 15 psec TBR-6 as shown in Figure 32.

Telemetry Processing Time = 35 * 15 ~sec Max.

Start of Sub-Minor
Cycle 3 or Subsequent
250 psec Telemetry
Sampling Slots.

Figure 32. Telemetry Processing Time

ITelerneuy Sampling
Initiation

[4] Data gather request:

a.

b.

The BDU shall respond to a data gather request issued by the CTIU in minor cycle N for
data sampled in a preceding minor cycle as well as accepting a BDU sample schedule
table issued in minor cycle N.

The BDU shall respond to a data gather request (T/Retransmit, RT subaddress=3)
received after the transition from sub-minor cycle 6 to sub-minor cycle 7 as a timing
fault.
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3.7.4.6.2 output

Table XXVIII shows the output horn each type of transaction the BDU has via the C&T bus.

T:

Transaction

SCC-based FSWS commands

real-time commands
generated by the ground
controller

BDU sampling schedule table

data gathering request

bus management

ble XXVIII. BDU Output Table

,C&T BuS I BDU does

~RT status word command distribution

RT status word command distribution

RT status word stores BDU sample schedule
table in appropriate RT
subaddress

IRT status word with associated stores sampled data in
data words appropriate RT subadd.ms

‘RT status word with possible processing by RT hosted by
data word BDU

3.7.4.7 Timing Fault

[1] Upon occurrence, the BDU shall assert the busy bit and subsystem flag bits in the RT status
word to indicate a timing fault occurred and inhibit the RT access to the BDU.

[2] Recovery from the timing fault shall occur in a subsequent minor cycle upon reception of
the synchronize with data word.

3.7.4.8 Passive Telemetry Sampling

The rise time of the cument source for passive telemetry sampling shall be no greater than
1 milliamp/psec.(TBR-7)

3.7.4.9 Size

The size of the BDUS shall be as speciiled in the Housekeeping BDU, ICD20008568, and in the
Instrument BDU, ICD 20039943.

3.7.4.10 Interfaces

3.7.4.10.1 C&T RT

[1] The BDU shaIl utilize the C&T bus to receive and transmit data between CTIU and itself.

[2] Initialization of the C&T RT by the BDU:

a. During the C&T RT initialization the busy bit in the status word shall be asserted by the
BDU.

105 DCC062693



PS20008567
28June1993

=

b. ~efmtraeption oftiesynchronize wititita wodshdl cause tiemsetoftie busy
tilt, tie BDUtospcMonize wititie ~,ndenable C&Tmessage pressing.

[3] The BDU shall monitor the RT message transactions.

[4] The BDU shall route data to the appropriate data buffers for transmission by RT.

[5] The BDU shall route data from the RT to appropriate data buffers for subsequent processing.

[6] The BDU shall use the following RT subaddress assignments:

a. transmitireceive bit = receive

1. mode code RT subaddress O

2. command RT subaddress 1

3. data sample table RT subaddress 3

4. loop back RT subaddress 9

b. transmitheceive bit= transmit

1. Telemeuy data RT subaddress 3

2. loopback RT subaddress 9

3. mode code RT subaddress 31

c. All remaining subaddresses shall be illegal.

3.7.4.10.2 Thermal

[1] The primary method of heat dissipation shall be radiative for BDU interfacing with
Instruments.

[2] The primary method of heat dissipation shall be conductive to the base plate for BDU
interfacing with Spacecraft subsystems and other C&DHS components.

3.7s Science Formatting Equipment (SFE)

3.7.5.1 General Requirements

[1] The SFE shall generate all internally used clock frequencies.

[2] The SFE shall not be required to operate during launch.

[3] The SFE shall be reconflgurable via ground controller command in the event of a single
failure.

[4] The SFE shall perfoml an autonomous self-initialization upon application of power.

[5] The SFE shall not support memory dumps.

[6] The SFE shall not support memory loads.
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3.7S.2 Telemetry

[1] The SFE telemehy shall be as speci.fkd in Appendix II.

[2] The SFE telemetry shall provide telemetry for gathering by the SFE’S BDU.

a. Serial telemetry generated by the SFE shall be provided to the BDU via a standard digital
serial interface.

3.7.5.3 Testing

[1] The SFE shall support self test commands.

[2] The SFE shall perform a health check upon command.

3.7.5.3.1 Redundancy

The SFE design shall be sufficiently redundant to recover in the event of any single failure or any
single command error.

3.75.3.2 FDIR

The SFE shall recover, without intervention, from SEU induced faults.

3.7.5.3.3 Functional Requirements

3.7.5 .3.3.1 Input

a. Commands to the WE

b. LRS bus traffic [science data from LRS Instruments, ancillary data packets, H/K
telemetry packets, polling messages and their responses]

c. HRDL transactions [high rate science data from Instruments, HRDL management
transactions]

d. SSR playback

3.7.5.3.3.2 Processing Requirements

[1] For receiving serial commands, the SFE shall provide a serial interface with the BDU.

a. SFE operating mode and configuration commands shall be received through this
interface.

b. SFE inputioutput rate commands shall be received through this interface.

[2] The SFE shall format and distribute the science data.

[3) The SFE shall monitor and report status on its interfaces in telemetry.
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3.7.5.303*3 output

a. Execution of valid commands

b. science data stored on the SSR

c. real-time science data

d. playback science data

e. real-time science data to the DAS modulator

f. playback science data to the DAS modulator

g. Telemetry as spcci.tied in Appendix II

3.7.5.4 Size

The SITEshall not exceed 18“L x 14’W x IO”H.

3.7.5.5 Interfaces

3.7.5.5.1 Low-Rate Science Bus Interface

[1] The SFE shall host the LRS BC.

[2] The SFE shall verify the LRS bus interface upon command.

3.7.5.5.2 High Rate Input Interfaces

The SFE shall individually select the A or B interfaces with each Instrument.

3.7.5.5.3 COMS Output Interfaces

[1] The SFE shall interface with the Ku–band and X-band modulators.

[2] The KSA and DAS Modulators interface characteristics shall be as follows:

a. Quantity: 8 pOrtS

b. Data Rate (each interface): 150 Mbps max. total

c. Data Stream Format: NRZ-L

d. Electrical: 0.595V (rein) differential ECL

3.7.5.5.4 BDU Interface

The SFE shall receive commands for power control and reset from the BDU interface.

3.7.5.5.5 Thermal

The primary method of heat dissipation shall be conductive to the base plate.

DCC062693 108



PS20008567
28 June1993

3.7.6 Solid State Recorder (SSR)

3.7.6.1 General Requirements

[1] The SSR shall conform to the I/O data format requirements as specilled in Section 5 of the
DFCB, 1S20008658, with the exception SSR decoded commands shall not exceed 6 data
words in length following the command descriptor which is decoded by the BDU.

[2] The SSR shall be internally redundant.

[3] The SSR shall be reconilgurable upon command in the event of a single failure.

[4] The SSR shall perform an autonomous self-initialization upon application of power.

[5] The SSR shall perform a health check upon command.

[6] All embedded software shall comply with the guidelines in the Software Requirements for
EOS Subcontractors, PS2008633.

[7] The SSR shall support independent operations of the SFE and CTIU interfaces.

3.7.6.2 Commendability

[1] The SSR commands shall conform to requirements specitled in ICD20038286.

[2] The SSR command structure shall conform to DFCB, 1S20008658.

3.7.6.3 Telemetry

The SSR shall comply with telemetry in accordance with Appendix II.

3.7.6.4 FDIR

[1] The SSR health check shall perform a BIT sequence to support

[2] The SSR shall provide data correction activity in telemetry.

3.7.6.5 Bit Error Rate

diagnostics.

The SSR BER shall contribute no more than 1 times 10_9to the Instrument science data collected
during any half orbit.

3.7.6.6

3.7.6.6.1

a.

b.

c.

Functional Requirements

Input

Commands received via the BDU

Science Data from the SFE

H/K telemetry playback sent to the CTIU for forwarding to the S–band transponders
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3.7.6.6.2 Processing Requirements

3.7.6.6.3 General

[1] The SSR shall provide storage management fo~

a. H/K telemetry recording, storage and playback

b. Science recording, storage and playback.

[2] The SSR shall simultaneously record and play back data via an interface with the SFE while
simultaneously recording or playing back data via an interface with the CTIU interface.

[3] The SSR shall play back all or a segment of stored data.

3.7.6.6.4 H/K Telemetry Storage, Recording and Playback

[1] The SSR shall provide redundant record and playback interfaces to each of the CTIUS.

[2] The SSR interfaces with the active CTIU shall be maintained in the C&DHS’s lowest power
state.

[3] Each interface between the recorder and CTIUS shall consist of a serial clock and a data line
that is NW-L format.

[4] The SSR shall be required to operate in the H/K telemetry recording state during launch.

3.7.6.6.5 Science Data Storage, Recording and Playback

[1] The SSR shall record at an aggregate rate of 150 Mbps.

[2) The SSR shall play back to the SFE at a data stream rate of up to 37.5Mbps per data line or
an aggregate of 150 Mbps.

[3] The science data storage shall not be operational during launch.

[4] The SSR shall provide logically separate buffers for each VCID or sets of related VCIDS,
and shall store incoming VCDUS in the corresponding buffer.

[5] The SSR shall provide the capability to playback the contents of each buffer sequentially.

3.7.6.6.6 output

a. SSR telemet~ [H/K telemetry, H&S telemetry]

b. Science Data playback to the SFE

c. H/K telemetry playback to the CTIU

3.7.6.7 Size

The SSR shall consist of two DCUS and no more than 5 DMUS with a maximum envelope as
specified SSR ICD 20038286.

3.7.6.8 Interface

[1] The SSR architecture shall be single-fault tolerant

DCC062693 110



PS20008567
28June 1993

s

[2] The SSR shall interface with the BDU to provide a path for commanding the SSR and
gathering the SSR internal telemetxy data.

[3] The SSR shall provide a redundant interface for pulsed Power OtiOff commands.

3.7.6.8.1 SSR BDU Interface

[1] The SSR shall utilize interfaces with its BDU for data transfer, control and monitor
functions, and telemetry sampling.

[2] The SSR shall receive commands for power control and reset from the BDU intetiace.

3.7.6.8.2 Thermal

The primary method of heat dissipation shall be conductive to the base plate.

3.7.7 Flight Software System (FSWS)

3.7.7.1 SCC-Based FSWS

3.7.7.1.1 Provided Services

[1]

[2]

[3]

The SCC–based FSWS system shall provide the C&DHS with all services specified herein
throughout all mission phases.

The SCC–based FSWS shall wrfonn the following monitoring for the C&DHS.

a. IMOK

b. SCC temperature

The SCC–based FSWS shall provide the following Relative Time Command Sequence
(RTCS) for the C&DHS:

a.

b.

c.

d.

3.7.7.1.2

to transition the C&DHS from its science mode to its survival mode,

to transition the C&DHS from its standby mode to its survival mode,

to transition the C&DHS from its science mode to its standby mode.

BDU redundancy switch-over.

Telemetry

[1] The SCC–based FSWS shall generate sufficient housekeeping data in the downlinked
telemetry stream to allow ground controllers to assess the operational state of the SCC,
monitor critical functions and aid in fault detection and correction.

[2] The SCC–based FSWS shall generate data in the downlink telemetry streams sufficient to
support ground controller monitoring and logging of SCC resources, its
configurationheconfiguration and its significant events.
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[3] The SCC-based FSWS shall utilize the C&T bus to transmit its telemetry data for inclusion
in the I-UKtelemetry and H&S telemeby.

[4] The SCC-based FSWS shall genemte teleme~ commensurate with its cummt operational
state.

3.7.7.2 FDIR

[1] The active SCC–based FSWS health check shall petiorrn a health check to support
diagnostics.

[2] The standby SCC–based FSWS health check shall perform a health check to suppoxt
diagnostics.

[3] The active SCC shall provide data indicating the corrective action(s) taken in telemetry.

3.7.7.3 High Speed Serial I/O Interfaces

3.7.7.3.1 Serial Interface Management Function

The SCC-based FSWS shall provide status of the high speed serial interfaces as partof its telemetry.

3.7.7.3.1.1 Active SCC-Based FS WS Initialization and Configuration

The active SCC–based FSWS, based on resident configuration data, shall establish the high speed
serial I/O interfaces between the active CTIU and itself as part of transitioning the SCC to an active
operational state.

3.7.7.3.1.2 Verification of High Speed Electronic Interface

The SCC–based FSWS shall re-transmit a loopback message over the SCC–teCTIU upon receipt
of a loo~back on the CTIU-to=SCC interface.

3.7.7 .3.1.3 Serial Interface CTIU-tcACC Functions

3.7.7.3.1.3.1 Input

a. H/K telemetry

b. SCC closed loop data from Spacecraft components

3.7.7.3.1.3.2 Processing Requirements

3.7.7.3.1 .3.2.1 Nominal Processing

[1] Nominal processing shall provide accepting, decoding, validating and distributing the input
data streams (I-UKtelemetry, SCC closed loop data) as required.
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[2] The SCS-based FSWS shall support message validation and acknowledgment as specif3ed
for the high speed serial I/O intetiace in FSWS IRD, 20039%7.

3.7.7.3.1.32.2 Exception Processing

a. Any message rejection shall be reported in telemetry.

b. Any interface problem shall be reported in telemetry.

3.7.7.3 .1.3.2.3 output

a. Serial interface status in housekeeping telemetry

3.7.7.3.1.4 Serial Interface SCC-t~CTIU Functions

3.7.7.3.1.4.1 Input

a. SCC closed loop commands, stored command table, relative time command sequences,
FDIR commands, commands resulting from Telemetry Monitoring

b. Ancillary data packet

c. SCC OK message

3.7.7.3.1.4.2 Processing Requirements

[1] Command data transfers:

a. The SCC-based FSWS shall support the data message interface protocol data for
message headers and trailers, message validation and acknowledgment as spectiled for
the high speed serial link in FSWS IRD, 20039967.

b. Messages distributed by the CTIU to Spacecraft equipment

1. All messages shall look the same.once the message protocol is removed whether
they are transmitted over the high speed serial I/O interface or the uplink
(forward service link)

2. Messages, such as one only between the active SCC and active CTIU, shall
contain a command structure which includes a 1553B command word.

c. The SCC–based FSWS shall ensure all command data transfers delivered to the CTIU
are in-order.

d. The SCC–based FSWS shall perform command data transfer flow control and
prioritization among command data transfers.

[2] Command data transfers containing commands:
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a. The SCC-based FSWS shall distribute commands to the Spacecraft equipment at a data
rate with respect to the SCC–based FSWS command data transfer distribution specified
in paragraph 3.2.1.1.3.2.

b. The SCC–based FSWS shall ensure commands it transmits to the CTIU for delivery
within the same minor cycle have different RT addresses.

c. The SCC–based FSWS shall ensure relay drive commands to the same recipient are
spaced to allow time for a preceding relay drive command to complete.

[3] Command data transfer containing an ancillary data packet:

a. The SCC–based FSWS shall generate the ancillary data packet as specifkxi in Section
6 of the GSFC 420-03-02 with respect ancillary data content and packet format.

b. The SCC–based FSWS shall ensure the ancillary data packet is delivered to the CTIU
in minor cycle N-3 where the first ancillary data packet is scheduled by the bus
utilization table to be delivered to an Instrument in minor cycle N+l.

[4] Command data transfers containing SCC OK message:

a. The SCC-based FSWS shall:

1. perform a health check over hardware

2. perform a health check over SCC-based FSWS

3. only transmit the SCC OK message to the CTIU if health check positive

4. repeat this health check evexy 1.024 seconds.

b. The SCC FSWS shall ensure the SCC OK message is delivered to the CTIU no later than
minor cycle N-3 where the fMstIMOK message is scheduled by the bus utilization table
to be delivered to a recipient in minor cycle N+ 1.

c. The SCC–based FSWS shall prepare the IMOK messages as specii7ed in FSWS IRD,
20039967, for both the ACE and PDU as separate command data transfer containing
commands to the CTIU for distribution.

d. The SCC–based FSWS shall ensure the lMOK messages are received at the expected
time by the ACE and PDU respectively.

3.7.7.3 .1.4.3 output

a. Command data transfers containing commands

b. Command data transfer containing ancillary data packet

c. Command data transfers containing SCC OK message if health test results are positive

d. Command data transfers containing safe mcde commanding if IMOK is not received
when expected
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3.7.7.4 SCC’S C&T Bus Embedded RT

3.7.7.4.1 Power-up Initialization and Configuration

[1] The SCC-based FSWS shall re-initialize its C&T RT upon command.

[2] During the RT initialization, the SCC-based FSWS shall set the busy bit in the RT status
word as early as possible to prevent the C&T message trtilc from being processed.

[3] Upon completion of the successful initialization, the SCC-based FSWS shall reset the busy
bit.

3.7.7.4.2

a.

b.

c.

d.

e.

f.

g.

h.

Input

Commands for SCC (T/R-=Receive, RT subaddress =1)

Mode code commands (’T/R=Receive, RT subaddrw=O or 31) (T/Retransmit, RT
subaddress=O or 31) of which synchronize with data word (T/_R=Receive, RT
subaddress=31) is one

Memory Loads (T/R=Receive, RT subaddress-2)

IMOK (T/R==Receive,RT subaddress=5)

Time Code (T/R=Receive, RT subaddress==6)

C&DHS safe mode commanding (T/R-Receive, RT subaddress-=7)

Loop-back (T/R==Receive,RT subaddress=9) and data gather request (T/Retransmit,
RT subaddress=9)

Data gather request (T/Retransmit) (memory dump datm RT subaddress=2, H/K
telemetry: RT subaddress=17, H&S telemetry: RT subaddress= 18)

3.7.7 .4.2.1 Processing Requirements

[1] Host responsibility for an embedded RT

a.

b.

c.

d.

e.

The SCC-based FSWS shall utilize the C&T bus to receive and transmit data between
the itself and the active CTIU as specified in Table XVI, Functionality of SCC’S
Operational States.

During initialization of the C&T RT, the busy bit shall be asserted by the host until it is
ready to accept C&T bus messages.

The SCC-based FSWS shall monitor the C&T RT message transactions.

The host shall report the C&T bus related problems in its telemetry.

The SCC C&T RT shall store validated messages in memory accessible to the
SCC–based FSWS if the T/R=Receive in the 1553B command word.
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f. The SCC-based FSWS shall allow a minimum of 100 psecs for a possible
re–transmission before routing the C&T RT stored message content for subsequent
processing and also route it in sufficient time before the next possible message overwrites
this data.

g. The SCC–based FSWS shall store data for transmission to the CTIU in memory
accessible to C&T RT prior to minor cycle N-1 when the data is expected to be gathered
in minor cycle N and not overwrite that memory until minor cycle N+l has occumed.

[2] The SCC-based FSWS shall performing memory loads as specified in DFCB, 1S2008658

[3] IMOK Message:

a.

b.

The receipt of an C&DHS safe mode command issued by the active CTIU shall be
interpreted by the active SCC-based FSWS that the CTIU did not receive the SCC OK
message in more than 2.048 seconds.

The absence of the IMOK message shall cause the active SCC–basedFS WS to issue safe
mode commands.

[4] Synchronization with active CTIU cycles.

a. The SCC–based FSWS shall maintain synchronization to the active CTIUS cycles.

b. Upon receipt of the synchronize with data word mode code command, the SCC–based
FSWS shall (a) adjust it leading edge of its minor cycle if required and (b) compare its
major/minor cycle count with the one in the data word and use the one in the data word
if there is a difference.

[5] The SCC-based FSWS shall use the C&DHS provided standard time service.

[6] The SCC–based FSWS shall conform to the memory load and memory dump conventions
specified in Sections 5 and 6 of the DFCB, 1S20008658.

[7] The SCC–basedFSWS shall sample and route I-UKtelemetry and H&S telemetry to the C&T
RT.

3.7.7 .4.2.1.1 output

Nominally, a 1553B response is always a status word and additional 1553B data words as required.

a.

b.

c.

d.

e.

3.7.7.5

H/K telemetry

H&S telemetry

Diagnostic

Loop-back

1553B mode code response

CTIU Firmware

[1] The CTIU fmware shall utilize the bus utilization table.
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[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

=

The CTIU fmwam shall interface with the following electronic

PS20008567
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interfaces:

a.

b.

c.

d.

serial I/O interfaces between the SCC and CTTU

C&T bus as a BC and a RT

LRS bus as a RT

S–band transponder interfaces.

The CTIU fmware shall interface with the CTIU hardware spec~led in the CTIU
Component Specification, PS20008569.

The CTIU fmware shall validate uplink command data transfers by implementing the
FARM as speci.tied in DFCB, 1S20008658.

The CTIU fmware shall only perform functions commensurate with its operational state.

The CTIU firmware shall enable/disable all CTIU autonomous functions upon command.

The CTIU firmware shall maintain the master Spacecraft clock.

The CTIU fmware shall accept, decode and distribute command data transfers.

The CTIU fmware shall deliver command data transfers it receives for other Spacecraft
equipment.

The CTIU firmware shall execute CTIU commands contained in command data transfers or
in C&T bus messages as specified in Appendix I.

The CTIU fmware shall support data sampling by the BDUSby delivering the BDU sample
schedule tables.

The CTIU firmware shall

The CTIU firmware shall

The CTIU firmware shall

perform data gathering by delivering the data gather requests.

format and distribute the gathered data as required herein.

generate CTIU telemetry as specified in Appendix II.

The CTIU firmware shall generate time code message and deliver it to designated recipients.

The CTIU fmware shall generate the synchronize with data word mode and deliver it to
designated recipients.

The CTIU fmware shall (a) accept the ancillary data packet from the SCC-based FSWS,
(b) deliver the ancillary data packet and (c) distribute the ancillary data packet for inclusion
in the low–rate science data stream.

The CTIU firmware shall (a) accept the SCC OK message from the SCC-based FSWS (b)
process the message and (c) deliver the IM OK messages or if sufficient time has elapsed
since the last SCC OK was received perform C&DHS safe mode commanding.

The CTIU firmware shall generate safe mode commands and deliver the safe mode
commands upon command.

The CTIU fmware shall perform memory loads per the conventions specified in DFCB,
1S20008658.
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[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

c

The CTIU fmwme shall support memory dump gathering of other Spacecraft equipment
per the conventions speciiled in DFCB, 1S20008658.

The CTIU fmware shall dump its memory on command.

The CTIU fmware shall execute a predetermined procedure upon receipt of CTIU reset
commands.

The CTIU firmware shall provide status information which includes periodic fault detection
data in telemetry.

The CTIU fmware shall up&te the CTIU OK timer every 1.024 seconds.

Upon command, the CTIU firmware shall implement pre-planned diagnostic procedures
which includes check-out and FDIR procedures.

The CTTUfmware shall gather the PN epoch data for inclusion in telemetry.

The C77U fmware shall gather the Doppler measurement data for inclusion in telemetry.

The CTIU fmware shall perform the monitoring of the MO frequency.
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4 QUALITY ASSURANCE PROVISIONS

[1] The requirements for the formal veritlcation of the performance, design, and construction
of the C&DHS shall be as specifkd in this section. These requirements define the extent to
which the C&DHS must demonstrate capability to meet the design and performance
requirements specifkd in Sections 3.2 and 3.3 of this document.

[2] The C&DHS design shall be reviewed in support of the Spacecraft Flight Assurance Review
Program defined in the PAW,Section 2, Assurance Review Requirements. The basis for the
C&DHS vetilcation program implementation is the Spacecraft Veritlcation Plan,
PN20005404, the Spacecraft Veriilcation Speciilcation, PS20005404, and the Spacecraft
Comprehensive Test Plan, PN20008664. The C&DHS verification program includes an
engineering development effort designed to validate the appropriateness of the hardware
design approach. Development includes the building and testing of breadboards,
Engineering Development Models (EDM), Engineering Test Models (E’TM),Protoflight
Models, and Quali.iication Test Models of selected designs to verify circuit development,
function evaluation, life of critical elements (tape), stability studies and intetiace
performance. Development will not constitute veri13cation,although data from development
tests will be used to support veri.tlcation activities.

Breadboards for the C&DHS will provide the basis for interface verification, stability and transient
analysis, and design vetilcation. ETMs will be used to develop and confii the performance,
packaging and manufacturing concepts. Protoflight will be used to verify the components’
performance worst case performance capabilities during environmental exposure.

4.1 Command and Data Handling Subsystem Verification

Verification of each requirement shall be performed as defined in the Vertilcation Matrix,
Attachment A, of this specification (provided under separate cover).

4.1.1 Verification Phases

Phases shall be either Acceptance or Qualification as defined in PS20005404.

4.1.2 Verification Methods

The following methods shall be used as spectiled in the veritlcation matrix to verify each of the
requirements in Section 3: Demonstration, Test, Analysis, and/or Inspection. Each method shall be
as defined in PS20005404.

4.2 Testing

4.2.1 Reliability Testing

The SSR shall perform life testing which shall ensure life requirements are met.

4.2.2 Engineering Evaluation and Test Requirements

The ETM components shall meet the form, fit and functional requirements of the flight unit.
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4.2.3 Acceptance testing

Acceptance testing shall be performed on all flight components to verify workmanship and
functionality. The acceptance test levels are defined in PS20005404, Section 4.

4.2.4 Qualification testing

Qualification testing of Qualification Test Model (QTM) of the SSR shall be used to demonstrate
adequacy of design limits. The qualification test levels are defined in PS20005404, Figures 1and 2.

4.2.5 Protoflight Testing

Protoflight test hardware shall be used forqual~lcation testing and shall be identical in configuration
and production processing to flight hardware. Protoflight tests, where specifkd, shall consist of
qualification level exposure of the fust flight article for acceptance level durations (time and/or
cycles).

The SCC, CTIU, BDU and SFE shall have Protoflight units.

4.2.6 Installation testing and checkout

Installation testing and checkout such as continuity, interface mating, support equipment
compatibility, and documentation verflcation shall be done in accordance with the GIS,
1S20008501, and the Comprehensive Test Plan, PN20008664.

4.2.7 Test Equipment Verification

Unless otherwise specified herein, instruments and test equipment used to measure C&DHS
performance characteristics shall be in accordance with the verification plan, PN20005404.

4.2.8 Verification Conditions

Ambient test conditions shall be per.Table V of the EOS Verillcation Specification, PS20005404.
Test tolerances shall be per Table VI of PS20005404.

4.3 Verification Documentation

The subsystem verification activities shall be documented in:

a. Verification Reports as defined in PS20005404.

b. Test procedures

c. Test logs

d. Test Review Board meeting minutes

4.3.1 Responsibility for Verification

Astro Space shall verify each requirement specified in this document.
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5 PREPARATION FOR DELIVERY

The C&DHS equipment shall be handled, packaged, and transported in accordance with
Astro Space’s PAIP, 20005397, Section 8.21.
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6 NOTES

6.1 Definitions

6.2 Acronyms and Abbreviations

ACE

Assy

BC

BDU

BER

BOL

bps

c

C&DHS

C&T

CADU

CCSDS

CEI

CG

CLCW

CLTU

cm

CMS

COMS

COP-1

CSCI

CTEU

CTIU

DAS

(IC

dB

DB

Attitude Control Electronics

Assembly

Bus Controller

Bus Data Unit

Bit Error Rate

Beginning of Life

bits per second

Celsius

Command and Data Handling Subsystem

Command and Telemetry

Channel Access Data Unit

Consultative Committee for Space Data Systems

Contract End Item

Center of Gravity

Command Link Control Word

Command Link Transmission Unit

Command

Contamination Monitoring Subsystem

Communications Subsystem

Command Operation Procedure-1

Computer Software Cotilguration Items

Command and Telemetry Execution Unit

Command and Telemetxy Interface Unit

Direct Access System

direct curnmt

Decibel

Direct Broadcast
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DCU

DDL

DFCB

DMU

DP

EAS

ECL

EOSDIS

EOL

EMC

EMI

EOT

EPS

ESD

FSE

FSWS

l?

Gbit

GE–ASD

GFE

GFP

GHS

GIS

GLP

GN&C

GN&CS

GSE

I/o

ID

HGA

HSS

HW

DCC062693

Data Control Unit

Direct Downlink

Data Format Control Book

Data Memory Unit

Direct Playback

Electrical Accommodation Subsystem

Emitter Coupled Logic

EOS Data and Information System

End of Life

Electromagnetic Compatibility

Electromagnetic Interference

End–of-Table

Electrical Power System

Electrostatic Discharge

Flight Support Equipment

Flight Software Subsystem

Acceleration of Gravity

Gigs–bit

General Electric Company, Astro-Space Division

Government Furnished Equipment

Government Furnished Property

General Instrument Interface Specification

General Interface Speciilcation

Government Loaned Property

Guidance, Navigation, and Control

Guidance, Navigation, and Control Subsystem

Ground Support Equipment

InputiOutput

Identification

High Gain Antenna

High Speed Serial

Hardware
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Hz

IW

IMC

J/o

IPM

kbps

kHz

lbs

LPC

LRS

LV

Mbps

MHz

MPDU

MS

msec

NA

NASA.

NRZ-L

NRZ-M

nsecs

Pm

PAR

PB

PCA-PDU

P/L

PDU

PN

PROPS

Ps

Psc

Hertz

Interface Control Document

Intermodule Connector

Input/Output

Internal Propulsion Module

Interface Requirements Document

kilobits per second

Kilohertz

pounds

Load Power Conditioner

Low Rate Science

Launch Vehicle

Megabits per second

Megahertz

Multiplexed Protocol Data Unit

Margin of Safety

milliseconds

Not Applicable

National Aeronautics and Space Administration

Non–Return to Zero – Low

Non–return to Zero Mark

nano-seconds

Product Assurance Implementation Plan

Product Assurance Requirements

Playback

Physical Channel Access Protocol Data Unit

Payload

Protocol Data Unit, Power Distribution Unit

Pseudo-Noise

Propulsion Subsystem

Probability of Success

Premodulation Signal Conditioner

12s DCC062693



28 June 1993

RD

RF

RT

RTCS

RWA

SA

SAD

Scc

Scs

SFE

SGE

SIC

SMS

SPG

SSR

Sw

TIR

TBD

TBR

TBs

TCS

TDRSS

TLM

TM&F

TONS

UUD

usec

Usccs

VCID

XPD

Requirements Document

Radio Frequency

Radio Frequency Interference

Remote Terminal

Relative Time Command Sequence

Reaction Wheel Assembly

solar Array

Solar Amy Drive

Spacecraft Controls Computer

Spacecraft Checkout Station

Science Formatting Equipment

Structure Ground Electrode

Standard Interface Connector

Structure and Mechanisms Subsystem

Single Point Ground

Solid State Recorder

Software

TransmitlReceive

To Be Determined

To Be Reviewed

To Be Speciiled

Thermal Control Subsystem

Tracking and Data Relay Satellite System

Telemetry

Time Mark and Frequency

TDRSS On–board Navigation System

Unique Instrument Interface Document

microseconds

User Spacecraft Clock Calibration System

Virtual Channel Identification

S–band Transponder

6.3 Exceptions to the GIS and GSFC 420-03-02

***Not Applicable** *
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6.4 Requirements ‘1’kaceability Matrix

Command and data handling requirements in the C&DHS flow from the CEI speci.tlcation,
PS20005396. T’heC&DHS Requirement Traceability Matrix is shown in Attachment B (provided
under separate cover).
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APPENDIX I

10 COMMAND REQUIREMENTS

These are the C&DHS commands that will be in the ground data base and used by the Flight
Operations Team. (TBR-8)

10.1 SCC Commands

10.1.1 Hardware Commands to SCC

Function Name GIS Signal ‘&pe

SCC ON Relay Drive

Scc OFF Relay Drive

Reset/Bootstrap Point-to-Point Logic Level

10.2 CTIU Commands

10.2.1 CTI’U to CTIU

Table XXIX. CTIU Relay Commands

Component Command

CTIIJ 1 to CTIU 2 REMOTE RESET

CTIU 1 to CTIU 2 REMOTE TIMER DISAB

CTru 1 to CTIU 2 REMOTE I/F DISAB

CTIU 1 to CTIU 1 TIMER ENAB

CTIU 1 to CTIU 1 I/F ENAB
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10.2.2 Spacecraft

Table XXX. Spacecraft Relay Comands

Component Command

SIDE 1 ON

COMMS/C&DH I SIDE 1 OFF

BDU I SIDE 2 ON

I SIDE 2 OFF
1

SIDE 1 ON

DAS

BDU

I SIDE 1 OFF

I SIDE 2 ON

I SIDE 2 OFF
1

SIDE 1 ON

SSR I SIDE 1 OFF

BDU SIDE 2 ON

SIDE 2 OFF

SIDE 1 ON

GN&C SIDE 1 OFF

BDU SIDE 2 ON

SIDE 2 OFF

SIDE 1 ON

RWA SIDE 1 OFF

BDU SIDE 2 ON

SIDE 2 OFF
I

SIDE 1 ON

PROP I SIDE 1 OFF

BDU t SIDE 2 ON

SIDE 2 OFF

SLDE 1 ON

POWER SIDE 1 OFF

BDU SIDE 2 ON

I SIDE 2 OFF
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[0.2.3 Instrument

Table XXXI. Instrument Relay Commands

Component Command

SIDE 1 ON

I SIDE 1 OFF

BDU SIDE 2 ON

SIDE 2 OFF
I

SIDE 1 ON

I SIDE 1 OFF

BDU SIDE 2 ON

SIDE 2 OFF

10.2.4 CTIU Internal Commands

Table XXXH. CTIU Internal Commands

I Component I Command

I
1

I TM&F BUS 1 ON/OFF

I TM&F BUS 2 ON/OFF

CTIU 1553 CONFIGURATION

I I PN EPOCH SELECTION 1/2

10.3 BDU Commands

10.4 SFE Commands

Note: The command format is specified in ICD20008575, as well as any additional commands that
may be required.
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co remand Lkt - Discrete Relay Drive

Function Definition

SFE A ON-B OFF Apply power to SFE-A power conditioner

SFE B ON-A OFF Apply power to SFE-B power conditioner

SFE A OFF-B OFF Remove power to SFE A and B circuits
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Command List - 16-Bit Serial Word

Function Definition

Select A/B ports of Individually selects the A or B side of instruments.
high-rate interfaces

Select A/B Science Bus Selects the primary 1553B bus, A or B

Select BC–A Selects the ABC stubs

Select BC–B Selects the BBC stubs

Setup polling sequence Define the RT polling sequence table

Select A/B SSR interface Selects the active controller A or B of SSR

Select SSR P/B rate Selects the P/B rate as 75 Mbps or 150 Mbps

Select A/B KSA Mod Selects the active KSA modulator

Select A/B DAS Mod Selects the active DAS modulator

Select input to CH1-KSA Selects the CADU data to be transmitted over CH1-KSA

Select input to CH2–KSA Selects the CADU data to be transmitted over CH2–KSA

Select input to CH1-DAS Selects the CADU data to be transmitted over CH1-DAS

Select input to CH2–DAS Selects the CADU data to be transmitted over CH2-DAS

SFE internal configuration Select internal redundancy of SFE

Execute BIT Initiate the 30-second (TBR) Built-In Test Function

133 DCC062693



PS20008567
28 June 1993

10.5 SSRCornmands

Discrete Conunand Lkt

Function Definition
A

SSR ON Apply power to SSR circuits

SSR OFF Remove power from SSR circuits

Serial Cornrnand List and Bit Pattern - 16-Bit Words

Function Binary Code Hex Code
MSB LSB

)perating Mode Commands:

Low Power Xxxxxxxxxxxxxxxx Xxxx

SFE Standby Xxxxxxxxxxxxxxxx Xxxx

SFE Record Xxxxxxxxxxxxxxxx Xxxx

SFE Record Disable Xxxxxxxxxxxxxxxx Xxxx

SFE Playback Xxxxxxxxxxxxxxxx Xxxx

SEE Playback Disable Xxxxxxxxxxxxxxxx Xxxx

SFEReplay Xxxxxxxxxxxxxxxx Xxxx

SFEReplayDisable Xxxxxxxxxxxxxxxx Xxxx

CTH_JRecord Xxxxxxxxxxxxxxxx Xxxx

CTIU Record Disable Xxxxxxxxxxxxxxxx Xxxx

CTIUPlayback@ 256Kbps Xxxxxxxxxxxxxxxx Xxxx

CTIUPlayback@ 512Kbps Xxxxxxxxxxxxxxxx Xxxx

CTIU Playback Disable Xxxxxxxxxxxxxxxx Xxxx

Built–In Test Xxxxxxxxxxxxxxxx Xxxx

Built–In Test Abort Xxxxxxxxxxxxxxxx Xxxx

7ustom Memory Configuration Xxxxxxxxxxxxxxxx Xxxx

lefault Memory Configuration Xxxxxxxxxxxxxxxx Xxxx

NOTE: XXXXXXXXXXXXXXXX–Denotescodeis TBD.
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APPENDIX 11

20 TELEMETRY REQUIREMENTS

The subsystem shall operate using no mom than 67 bps in the H&S telemetry and no more than
3589 bps in the H/K teleme~. These are the C&DHS telemetry points that will be in the H&S
telemetry and H/K telemetry. (TBR-9)

20.1 SCC Telemetry:

Table XXXIII. SCC Telemetry Interfaces

FUNCTION I GIS TYPE I H&S Rate H/K Rate I
I 1 ,

SCC Pwr On I Passive Bi–level I 1 8
I 1

SCC OK Active Bi–level 8

Scc Vout I Active Analog I 1 I 8

Scc CPU Passive Analog 8
Temt)eratum

20.2 CTIU Telemetry

Table XXXIV. CTIU Telemetry

Source Functional Name Operation H&S H./K
Rate Rate

!
CTIU Fault Logic CTIU Fault Status CTIU Fault Status 8 8

Up Link Logic Control Regis Configuration and Status 1 8

SCC Interface Control Regis Configuration and Status 1 8

Down Link Logic Config Regis Configuration 8

Status Regis status 1 8

Channel Routing Configuration 1 8

TM&F Status Control Configuration and Status 1 8

CLCW(active) Control FARM 64

CLCW(standbY) Control FARM 32 64
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20.3 BDUTelemetry

FUNCTION GIS TYPE H&S Rate H/K Rate

Vout Active Analog 1 8

Temperature Passive Analog 1 1

20.4 SFE Telemetry

H&S H/K
Function Indication Rate Rate

Serial Telemetry - 8-Bit Serial Word(s) 8

High–rate interface status A-side/B-side active for 6 ports

High–rate interface
performance SpecYled in ICD 20008575

Science Bus status A-bus/B-bus primary and BC stub

Science Bus performance Poll sequence, error log etc.

SSR Record interface status A-side/B-side active, ready, etc.

SSR P/B interface status A-side/B-side active, clock, etc.

KSA modulator status A-side/B-side active

DAS modulator status A-side/B-side active

CH 1–KSA connection CH 1–KSA mod CADU assignment

CH2–KSA connection CH2–KSA mod CADU assignment
CH 1–DAS connection CH 1–DAS mod CADU assignment

CH2–DAS connection CH2–DAS mod CADU assignment
Built–In–Test Flag Go/No-Go

Internal Function Status Specfled in ICD 20008575

Passive Bi–level Telemetry

SFE power status SFE-A/B ON or OFF I 1 8

Analog Telemetry

Power Supply Voltages Specified in ICD 20008575 8

SFE internal temperatures Specified in ICD 20008575 8
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20.5 SSRTelemetry

Function IH&S Rate IH/K Rate I

Serial Telemetry List 8

Mode(s) Status Indicator(s):

Low Power

SFE Record

SFE Playbackf

SFE Replay

CTIU Record

CTIU Playback

Built-In Test

Input Line Current

Built-In Test Result

Error Correction Activity

Total BER Performance

SFE Playback Clock Status

Command Error Status

Buffer Size

Buffer Utilization

Internal Function 1
: Internal Function N

Passive Bi–hvel

Ordoff 1 8
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APPENDIX III

REFERENCE

Section Pg ‘Component Subsystem

3.1.5.1.1 19 CTIU COMS

3.1.5.1.2 [1] 19 CTIU COMS

3.1.5.1.2 [2] 19 CTIU COMS

3.1.5.1.2 [3] 19 CTIU COMS

3.1.5.1.2 [4] 22 CTIU COMS

3.1.5.1.3 [1] 22 All Components EPS

3.1.5.1.3 [2] 22 All Components EPS

3.1.5.1.3 [3] 22 All Components EPS

3.1.5.1.3 [4] 22 All Components EPS

3.1.5.1.4 [1] 22 All Components TCS

3.1.5.1.4 [2] 22 All Components TCS

3.1.5.1.4 [3] 22 All Components TCS

3.1.5.1.4 [4] 22 All Components TCS

3.1.5.1.5 22 CTIU, BDU GN&CS, SCC-based FSWS

3.1.5.1.6 [1] 22 All Components SMS

3.1.5.1.6 [2] 22 All Components SMS

3.1.5.1.7 22 CTIU, BDU PROPS

3.1.5.1.8 23 All Components EAS

3.1.5.1.9 23 All Components SCC-based FSWS

3.1.5.1.10 24 CTHJ LV

3.1.5 .1.11 [1] 24 All Components Instruments

3.1.5.1.11 [2] 24 All Components Instruments

3.1.5.1.12 24 CTIU, SSR, SFE EOSDIS

3.1.5 .1.13 [1] 24 All Components Scs

3.1.5.1.13 [2] 24 All Components Scs

3.1.5.2 24 All Components

3.1.5 .2.1 [1] 24 All Components EPS, EAS

3.1.5.2.1 [2] 24 All Components EPS, EAS

3.1.5.2.1 [3] 24 All Components EPS, EAS

3.1.5 .2.l.la. 24 CTIU, BDU

3.1.5 .2.l.lb. 25 CTIU

3.1.5 .2.1 .lc. 25 SFE

3.2.1.1 [1] a. b. 25 CTIU COMS

3.2.1.1 [1] a. b. 25 CTIU SCC-based FSWS
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Section Pg

13.2.1.1 [2] 25

3.2.1 .1.1 [1] 26

3.2.1 .1.1 [2] 26

3.2.1 .1.2 [1] a. 26

3.2.1 .1.2 [1] b. C. d. 26

3.2.1 .1.2 [2] 26

3.2.1 .1.2 [3] 26

3.2.1 .1.2 [4] 26

3.2.1 .1.2 [5] 26

3.2.1 .1.2 [6] 26

3.2.1 .1.3 [1] a. 26

3.2.1 .1.3 [1] b. b.

3.2.1 .1.3 [1] C. 27

3.2.1 .1.3 [1] d. 27

3.2.l.l.3[l]e. 27

EEE
3.2.1 .1.3 [5] 27

3.2.1 .1.3.1 [1] 27

3.2.1 .1.3.1 [2] 27

3.2.1 .1.3.1 [4] 27

3.2.1 .1.3.2 [1] 27

3.2.1 .1.3.2 [2] 27

3.2.1 .1.3.2 [3] 27

3.2.1 .1.3.2 [4] 27

3.2.1 .1.4.1 [1] 28

3.2.1 .1.4.1 [2] 28

3.2.1 .1.4.2 [1] 28

3.2.1 .1.4.2 [2] 28

3.2.1 .1.4.2.1 [1] 28

3.2.1 .1.4.2.1 [2] 28

3.2.1 .1.4.3 [1] 28

w

-

ICTIU

CTIU

ICTIU

;CTIU

CTIU

CTHJ

CTIU

CTIU

ICTIU, BDU

CTIU, BDU

CTIU, BDU

CTIU, BDU

CTIU, BDU

CTIU, BDU

CTIU

CTIU

CTIU

CTIU

CTIU

CTIU

CTIU

CTIU

CTIU

CTIU, BDU

CTIU, BDU, SFE, SSR

CTIU, BDU, SFE, SSR

CTIU, BDU, SFE, SSR

CTIU, BDU, SFE, SSR

CTIU, BDU, SFE, SSR

CTIU, BDU

CTIU, BDU

All Components

All Components

All Components

All Components

Subsystem I

J

COMS, FOT

SCC-based FSWS

COMS

FOT
I

FOT

FOT

FOT

SCC-based FSWS

COMS I
FOT, SC Equipment, SCC-based
FSWS

FOT, S/C Equipment, SCC-based
FSWS
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Section Pg Component Subsystem

3.2.1 .1.4.3 [5] 29 All Components

3.2.1 .1.4.3 [6] a.,b. 29 CTIU, BDU

3.2.1 .1.4.3 ~ 29 All Components

3.2.1 .1.4.4 [1] 29 CTIU, SFE, SSR

3.2.1 .1.4.4 [2] 29 CTIU, BDU

3.2.1 .1.4.5 29 CTIU, BDU, SFE, SSR

3.2.1 .1.4.6 29 CTIU, BDU, SFE, SSR

3.2.1 .1.4.7 29 CTIU, BDU, SFE, SSR

3.2.1 .1.4.8 29 CTIU, BDU, SFE, SSR

3.2.1.2 [1] a.-b, 29 CTJU, BDU, SSR, SFE

3.2.1.2 [2] 29 CTIU

3.2.1.2 [3] 30 CTIU

3.2.1.2 [4] 30 CTIU, BDU, BUT

3.2.1.2 [5] a.-b. 30 CTIU, SFE, SSR, BUT SCC-based FSWS

3.2.1.2 [6] 30 CTIU, BUT

3.2.1.2 ~1 30 CTIU, BUT

3.2.1.2 [8] 30 CTIU, BUT SCC-based FSWS

3.2.1.2 [9] 30 CTLJ

3.2.1 .2.1 [1] 31 BDU

3.2.1 .2.1 [2] 31 CTKJ, BUT

3.2.1 .2.1 [3] 31 CTIU, BDU

3.2.1 .2.1.1 [1] a.–f. 31 All Components

3.2.1 .2.1.1 [2] 32 All Components

3.2.1 .2.1.1 [3] 32 CTIU

3.2.1 .2.1.1 [4] 32 All Components

3.2.1 .2.1.1 [5] 32 All Components

3.2.1 .2.1.1 [6] 32 CTIU

3.2.1 .2.2 [1] 32 CTIU, BDU

3.2.1 .2.2[2] 32 CTIU, BUT

3.2.1 .2.2.1 [1] 32 CTIU

3.2.1 .2.2.1 [2] 33 CTIU

3.2.1 .2.2.1 [3] 33 CTIU

3.2.1 .2.2.1 [4] 33 CTIU

3.2.1 .2.2.1 [5] 33 CTIU

3.2.1 .2.2.1 [6] 33 CTIU

3.2.1 .2.3.1 [1] 33 CTIU

3.2.1 .2.3.1 [2] 33 CTIU
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Section Pg Component Subsystem

3.2.1 .2.3.1 [3] 33 CTIU

3.2.1 .2.3.1 [4] 33 CTIU

3.2.1 .2.3.1 [5] 33 CTIU

3.2.1 .2.3.1 [6] 33 CTIU

3.2.1 .2.3.1 [7’1 33 CTIU

3.2.1 .2.3.1 [8] 33 CTHJ

3.2.1 .2.3.2 [1] 33 CTIU

3.2.1 .2.3.2 33 CTIU

3.2.1 .2.3.2 [3] 33 CTIU

3.2.1 .2.3.2 [4] 33 CTIU

3.2.1 .2.3.2 [5] 33 CTIU

3.2.1 .2.3.2 [6] 33 CTIU

3.2.1 .2.3.3 [1] 33 CTIU

3.2.1 .2.3.3 [2] 33 CTIU

3.2.1 .2.3.4 34 CTIU

3.2.1 .2.4 [1] 34 CTIU

3.2.1 .2.4 [2] 34 CTIU

3.2.1 .2.4[3] 34 CTIU

3.2.1 .2.5 34 CTIU

3.2.1 .2.5.1.1 {1] 34 CTIU

3.2.1 .2.5.1.1 [2] 34 CTIU

3.2.1 .2.5.1.2 [1] 34 CTIU SCC-based FSWS

3.2.1 .2.5.1.2 [2] 34 CTIU SCC-based FSWS

3.2.1 .2.5.1.2 [3] 34 CTIU SCC-based FSWS

3.2.1 .2.5.2 [1] 34 CTIU, SFE

3.2.1 .2.5.2 [2] 34 CTKJ

3.2.1 .2.5.2 [3] 34 CTIU

3.2.1 .2.5.2 [4] 36 CTIU

3.2.1 .2.5.3 [1] 36 CTIU

3.2.1 .2.5.3 [2] 36 CTIU

3.2.1 .2.5.4.1 [1] 36 CTIU

3.2.1 .2.5,4.1 [2] 36 CTIU

3.2.1 .2.5.4.1 [3] 36 CTIU

3.2.1 .2.5.4.1 [4] 36 CTIU

3.2.1 .2.5.4.1 [5] 36 CTIU COMS, EOSDIS

3.2.1 .2.5.4.2 [1] 36 CTIU

3.2.1 .2.5.4,2 [2] 36 CTIU
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Section Pg Component Subsystem

3.2.1 .2.5.4.2 [3] 36 CTIU

3.2.1 .2.5.4.2 [4] 36 CTIU COMS, EOSDIS

3.2.1 .2.5.4.3 36 CTIU, SSR COMS, EOSDIS

3.2.1 .2.5.4.4 [I]a. 36 CTIU, SSR COMS, FOT

3.2.1 .2.5.4.4 [l]b. 36 CTIU, SSR COMS, FOT

3.2.1 .2.5.4.4 [2] 37 CTIU, SSR COMS

3.2.1 .2.5.5 [1] 37 CTIU COMS

3.2.1 .2.5.5 [2] 37 CTIU COMS

3.2.1 .2.5.5 [3] 37 CTIU COMS

3.2.1.3 [1] 37 CTIU

3.2.1.3 [2] 37 CTIU

3.2.1.3 [3] 37 CTIU

3.2.1.3 [4] 37 CTIU

3.2.1.3 [5]a. 37 CTIU

3.2.1.3 [5]b. 37 CTIU

3.2.1.3 [6] 37 CTIU

3.2.1.3 v] 37 CTNJ

3.2.1.3 [8] 37 CTIU

3.2.1.4 37 CTIU, BDU, SCC SCGbased FSWS

3.2.1 .4.1.1 [1] 37 CTIU

3.2.1 .4.1.1 [2] 39 CTIU

3.2.1 .4.1.1 [3] 39 CTIU

3.2.1 .4.1.1 [4]a.-e. 39 CTIU

3.2.1 .4.1.1 [5] 40 CTIU

3.2.1 .4.1.1 [6] 40 CTIU

3.2.l.4.l.1~ 40 CTIU

3.2.1 .4.1.1 [8] 40 CTIU

3.2.1 .4.1.1 [9] 40 CTIU

3.2.1 .4.1.1 [10] 40 CTIU

3.2.1 .4.1.2 40 CTIU

3.2.1 .4.1.3 40 CTIU

3.2.1 .4.2.1 [1] 40 CTIU

3.2.1 .4.2.1 [2] 40 CTIU

3.2.1 .4.2.1 [3] 40 CTIU

3.2.1 .4.2.1 [4] 40 CTIU

3.2.1 .4.2.1 [5] 40 CTIU

3.2.1 .4.2.1 [6] 40 CTIU

143 DCC062693



PS20008567
28June1993

s

Section Pg Component Subsystem

3.2.1 .4.2.1 [7] 40 CTIU

3.2.1 .4.2.2 42 CTHJ

3.2.1 .4.3.1 [1] 42 CTIU

3.2.1 .4.3.1 [2] 42 CTIU

3.2.1 .4.3.1 [3] 42 CTIU

3.2.1 .4.3.2 [1] 42 CTIU

3.2.1 .4.3.2 [2] 42 CTIU

3.2.1 .4.4 [1] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [2] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [3] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [4] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [5] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [6] 43 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [7]a.+?. 44 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [8]a.4 45 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [9] 45 CTIU, SCC SCC-basad FSWS

3.2.1 .4.4 [lO]a. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [ll]a. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [ll]b. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [12]a. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [12]b. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [13]a. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [13]b. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.4 [13]c. 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.5 46 CTIU, SCC SCC-based FSWS

3.2.1 .4.6 46 BDU

3.2.1 .4.7a. 46 CTIU, BDU, SFE

3.2.1 .4.7b. 46 CTIU, BDU, SFE

3.2.1 .4.7.1 [1] 46 CTIU, SFE

3.2.1 .4.7.1 [2] 47 CTIU, SFE

3.2.1 .4.7.1 [3] [3] CTIU, SFE

3.2.1 .4.7.1 [4] [4] CTIU, SFE

3.2.1 .4.7.1 [5] [5] CTIU, SFE

3.2.1 .4.7.1 [6]a. 47 CTIU, SFE

3.2.1 .4.7.1 [6]b. 47 CTIU, SFE

3.2.1 .4.7.1 [6]c. 47 CTIU, SFE

3.2.1 .4.7.1 [7] 47 CTIU, SFE
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[32.1 .4.7.2 [I]a. i 47 I CTIU, BDU 1S/C Equipment

3.2.1 .4.7.2 [I]b. 47 CTIU, BDU S/C Equipment

3.2.1 .4.7.2 [l]c. 47 CTIU, BDU S/C Equipment

3.2.1 .4.7.2 IIld. 48 CTIU, BDU S/C Equipment. .
I

3.2.1 .4.7.2 [l]e. 48 CTIU, BDU WC Equipment

3.2.1 .4.7.2 [l]f. 48 CTIU, BDU S/C Equipment

3.2.1 .4.7.2 [2] 48 CTIU, BDU S/C Equipment

3.2.1 .4.7.2 [3]a. 48 CTIU, BDU S/C Equipment

3.2.1 .4.7.2 [3]b. 48 CTIU, BDU S/C Equipment

,3.2.1 .4.7.2 [3]c. 50 CTIU, BDU S/C Equipment

~3.2.1 .4.7.3 [1] 50 SFE, CTIU Instruments

‘3.2.1 .4.7.3 [2]a. 50 SFE, CTIU Instruments

3.2.1 .4.7.3 [2]b. 50 SFE, CTIU Instruments

3.2.1 .4.7.3 [2]c. 50 SFE, CTIU Instruments

3.2.1 .4.7.3 [3]a. 50 SFE, CTIU Instruments

3.2.1 .4.7.3 [3]b. 50 SFE, CTIU Instruments

3.2.1 .4.8.1 [1] 50 SSR, SFE

3.2.1 .4.8.1 [2] 50 SSR, SFE

3.2.1 .4.8.1 [3] 50 SSR, SFE

3.2.1 .4.8.1 [4] 50 SSR, SFE

3.2.1 .4.8.1 [5] 50 SSR, SFE

3.2.1 .4.8.1 [6] 50 SSR, SFE

3.2.1 .4.8.2 [1] 51 SSR, SFE

3.2.1 .4.8.2 [2] 51 SSR, SFE

3.2.1 .4.8.2 [3] 51 SSR, SFE

3.2.1 .4.8.2 [4] 51. SSR, SFE

3.2.1 .4.8.2 [5] 51 SSR, SFE

3.2.1 .4.8.2 [6] 52 SSR, SFE

3.2.1 .4.8.3 [1] 52 SSR, SFE

3.2.1 .4.8.3 [2] 52 SSR, SFE

3.2.1 .4.8.3 [3] 52 SSR, SFE

3.2.1 .4.8.4 [1] 52 SSR, SFE

3.2.1 .4.8.4 [2] 52 SSR, SFE

3.2.1 .4.8.4 [3] 52 SSR, SFE

3.2.1 .4.8.4 [4] 52 SSR, SFE

3.2.1 .4.9[1 ] 52 SFE

3.2.1 .4.9[2] 52 SFE

145 DCC062693



p5~o~8567
28 June 1993

s

Section Pg Component Subsystem

3.2.1 .4.9[3] 52 SFE

3.2.1 .4.9[4] 53 SFE

3.2.1 .4.9[5] 53 SFE

3.2.l.4.10a. 53 CTIU, SFE

3.2.l.4.10b. 53 CTIU, SFE

3.2.1 .4.1OC. 53 CTIU, SFE

3.2.1.5 [1] 53 SSR

3.2.1.5 [2] 54 CTIU, SSR

3.2.1.6 [1] 54 BUT

3.2.1.6 [2]a. b. c.d.e. f. 54 BUT

3.2.1.6 [3] 54 BUT

3.2.1.6 [4] 54 CTIU

3.2.1.6 [5] 54 BUT

3.2.1.6 [6] 54 CTIU

3.2.1.6 ~ 54 CTIU

3.2.1.6 [8] 54 BUT

3.2.1.6 19] 54 BUT

3.2.1.6 [10] 54 BUT

3.2.1.6 [11] 54 BUT

3.2.1.6 [12] 54 BUT

3.2.1.6 [13] 54 BUT

3.2.1.6 [14] 56 BUT, CTIU

3.2.1.6 [15]a. 56 BUT, CTIU, BDU S/C Equipment with embedded RTs

3.2.1.6 [15]b. 56 BUT, CTIU, BDU S/C Equipment with embedded RTs

3.2.1.6 [15]c. 56 BUT, CTIU, BDU S/C’Equipment

3.2.1.6 [15]d. 57 BUT, CTIU, BDU S/C Subsystems

3.2.1.6 [15]e. 57 CTIU

3.2.1 .6.1 [1] 57 CTIU

3.2.1 .6.1 [2] 57 CTIU

3.2.1 .6.2 [1] 57 BUT

3.2.1 .6.2 [2]a. 57 BUT, BDU

3.2.1 .6.2 [2]b. 57 BUT, BDU

3.2.1 .6.2 [2]c. 57 BUT, BDU

3.2.1 .6.2 [2]d. 58 BUT, BDU

3.2.1 .6.2 [2]e. 58 BUT, BDU

3.2.1 .6.2 [3] 58 CTIU

3.2.1 .6.3 [1] 58 BUT
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3.2.1 .6.3 [2] 58 BUT

3.2.1 .6.3 [3] 58 BUT

3.2.1 .6.3 [4] 58 BUT

3.2.1 .6.3.1 [l]a. 58 BUT

3.2.1 .6.3.1 [l]b. 58 BUT

3.2.1 .6.3.1 [2]a. 58 BUT, BDU

3.2.1 .6.3.1 [2]b. 58 BUT, BDU

3.2.1 .6.3.2 [l]a. 59 BUT

3.2.1 .6.3.2 [l]b. 59 BUT

3.2.1 .6.3.3 [1] 59 CTIU, BDU

3.2.1 .6.3.3 [2] 59 CTIU, BDU

3.2.1 .6.4 59 CTIU, BDU

3.2.1 .6.4.1 59 BUT

3.2.1 .6.5 [I]a. 59 BUT

3.2.1 .6.5 [l]b. 59 BUT

3.2.1 .6.5 [l]c. 59 BUT

3.2.1 .6.6 59 BUT

3.2.1.7 59 SCC, CTIU

3.2.1 .7.1.1 [l]a. 60 Scc SCC-based FSWS

3.2.1 .7.1.1 [l]b. 60 Scc SCC-based FSWS

3.2.1 .7.1.1 [2] 60 Scc SCC-based FSWS

3.2.1 .7.1.1 [3] 60 Scc SCC-based FSWS

3.2.1 .7.1.1 [4] 60 Scc SCC-based FSWS

3.2.1 .7.1.1 [5] 60 Scc SCC-based FSWS

3.2.1 .7.2 [1] 60 CTIU SCC-based FSWS

3.2.1 .7.2 [2] 60 CTIU SCC-based FSWS

3.2.1 .7.2 [3] 60 CTIU SCC-based FSWS

3.2.1 .7.2 [4] 60 CTIU SCC-based FSWS

3.2.1 .8.1 [1] 60 CTIU

3.2.1 .8.1 [2] 61 CTIU

3.2.1 .8.1 [3] 61 CTIU

3.2.1 .8.1 [4] 61 CTIU

3.2.1 .8.1 [5] 61 CTIU COMS

3.2.1 .8.1 [6]a. 61 CTIU

3.2.1 .8.1 [6]b. 61 CTIU

3.2.1 .8.1 [7] 61 CTIU

3.2.1 .8.1 [8] 61 CTIU
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3.2.1 .8.1 [9]a. 61 CTIU

3.2.1 .8.1 [9]b. 61 CTIU

3.2.1 .8.1 [10] 61 CTIU

3.2.1 .8.1 [11] 61 CTIU

3.2.1 .8.1 [12] 61 CTIU

3.2.1 .8.1 [13] 61 CTIU

3.2.1 .8.1 [14] 61 CTIU

3.2.1 .8.1 [15]a. 61 CTIU

3.2.1 .8.1 [15]b. 61 CTIU

3.2.1 .8.2 [l]a. 61 CTIU

3.2.1 .8.2 [l]b. 62 CTIU COMS

3.2.1 .8.2 [2] 62 CTIU COMS

3.2.1 .8.2 [3] 62 CTIU COMS

3.2.1 .8.2 [4]a. 62 CTIU

3.2.1 .8.2 [4]b. 62 CTIU

3.2.1 .8.3 [1] 62 CTIU, BDU S/C Equipment

3.2.1 .8.3 [2] 62 CTIU

3.2.1 .8.3 [3] 62 CTIU

3.2.1 .8.4 [1] 62 CTIU

3.2.1 .8.4 [2] 62 CTIU, BUT S/C Equipment

3.2.1 .8.5 [1] 62 CTIU, BUT Instrument

3.2.1 .8.5 12] 62 CTIU, BUT Instrument

3.2.1 .8.5 [3] 62 CTIU, BUT Instrument

3.2.1 .8.5 [4] 62 CTIU

3.2.1 .8.6 [1] 62 CTIU SCC-based FSWS

3.2.1 .8.6 [2] 63 CTIU

3.2,1 .8.6 [3] 63 CTIU

3.2.1 .8.7 [1] 63 CTIU Instruments

3.2.1 .8.7 [2]a. 63 CTIU

3.2.1 .8.7 [2]b. 63 CTIU

3.2.1 .8.7.1 [1] 63 CTIU COMS

3.2.1 .8.7.1 [2] 63 CTIU COMS

3.2.1 .8.7.1 [3] 63 CTIU COMS

3.2.1 .8.7.1 [4] 63 CTIU SCC-based FSWS

3.2.1 .8.7.1 [5] 63 CTIU COMS

3.2.1 .8.7.1 [6] 63 CTIU COMS

3.2.1.9 [1] 63 SFE, CTIU Instruments
A
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3.2.1.9 [2] 63 SFE Instruments

3.2.1.9 [2] 63 SFE Instruments

3.2.1.9 [4] 64 SFE EOSDIS

3.2.1.9 [5] 64 SFE COMS

3.2.1.9 [6] 64 SFE, SSR

3.2.1.9 ~] 64 SSR

3.2.1.9 [8] 64 SFE,SSR COMS, EOSDIS, FOT

3.2.1.9 [9] 64 SFE COMS

3.2.1.9 [1O] 64 SFE,SSR COMS, EOSDIS, FOT

3.2.1.9 [11] 64 SFE COMS, FOT

3.2.1.9 [12]a. 64 SFE COMS

3.2.1.9 [12]b. 64 SFE COMS

3.2.1.9 [12]c. 64 SFE COMS

3.2.1.9 [13]a. 64 SFE COMS

3.2.1.9 [13]b. 65 SFE COMS

3.2.1.9 [14] 65 SFE COMS

3.2.1.9 [15] 65 SFE Instruments

3.2.1.9 [16] 65 SFE Instruments

3.2.1.9 [li’1 65 SFE

3.2.1.9 [18] 65 SFE, SSR

3.2.1.9 [19] 65 SFE, SSR COMS

3.2.1.9 [20] 65 SFE COMS

3.2.1 .9[21 ] 65 SFE COMS

3.2.1 .9.1 65 SFE EOSDIS

3.2.1 .9.1.1 65 SFE Instrument, EOSDIS

3.2.1 .9.2 [l]a. 65 SFE Instruments

3.2.1 .9.2 [2] 65 SFE Instruments

3.2.1 .9.3 [1] 65 SFE Instruments

3.2.1 .9.3 [2] 66 SFE, CTIU Instruments

3.2.1 .9.3 [3] 66 SFE EOSDIS

3.2.1 .9.3 [4] 66 SFE EOSDIS

3.2.1 .9.3.1 [1] 66 SFE, CTIU Instruments

3.2.1 .9.3.1 [2] 66 SFE, CTIU Instruments

3.2.1 .9.3.2 66 SFE, CTIU Instruments, SCC-based FSWS

3.2.1 .9.3.3 [1] 66 SFE,CTIU Instruments

3.2.1 .9.3.3 [2] 66 SFE,CTIU Instruments

3.2.1 .9.3.3 [3] 66 SFE,CTIU Instruments
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3.2.1 .9.3.3 [4]

3.2.1 .9.3.3 [5]

3.2.1 .9.3.3 [6]

3.2.1 .9.3.3 [7]

=

3.2.1.9.4.3

3.2.1.9.5[1]

3.2.1.9.5[2]

3.2.1.9.5[3]

3.2.1.9.6[1]

1=
3.2.1.9.6[6]

3.2.1.9.6[7]

3.2.1.10.1[1]

3.2.1 .10.1 [2]a.

3.2.1 .10.1 [2]b.1 .

Pg Component Subsystem

66 SFE,CTIU Instruments

66 SFE,CTIU Instruments

67 SFE.CTIU Instruments

67 SFE,CTIU Instruments

67 SFE.CTIU Instruments

67 SFE Instruments

67 SFE Instruments

67 I SFE IInstruments
I

67 I SFE Instruments i

67 I SFE I Instruments I
1 !

67 ISFE I Instruments, EOSDIS I
1 ,

67 I SFE, SSR I I
1

67 SFE, SSR

67 SFE, SSR

67 SFE

67 SFE

67 SFE

67 SFE

68 SFE

68 SFE

68 SFE

68 SFE

68 SSR

I

68 SSR

68 SFE COMS

68 SFE EOSDIS

68 SFE, SSR EOSDIS
1 I

68 I SFE, SSR I COMS I
1

69 SFE, SSR COMS, EOSDIS

69 SFE, SSR COMS, EOSDIS

69 SFE COMS, EOSDIS
I I

,69 I CTIU, BDU I SCC-based FSWS, FOT i
1

169 CTIU SCC-based FSWS

169 CTIU, BDU SCGbased FSWS
I 1

69 I CTIU, BDU I SCC-based FSWS I

69 I CTIU, BDU, BUT I I
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3.2.1 .10.1 [4] 69 SFE, SSR

3.2.1 .10.2 69 CTIU BDU BUT SCC-Based FSWS

3.2.l.10.2[l]a 69 CTIU S/C Equipment

3.2.l.10.2[l]b 69 BDU ACE, PDU

3.2.1.10.3 69 NIA Ground Control

3.2.1.11 [1] 69 All Components

3.2.1.11 [2] 70 All Components

3.2.1.11 [3] 70 All Components

3.2.1.11 [4] 70 All Components

3.2.1.11 [5] 70 All Components

3.2.1.11 [6] 70 All Components

3.2.1.11 ~] 70 All Components

3.2.1.11 [8] 70 All Components

3.2.1 .11.1 70 SCC, CTIU

3.2.1.12 70 All Components

3.2.1.13 70 All Components

3.2.1.14 70

3.2.2 [1] 70 All Components

3.2.2 [2] 70 All Components

3.2.2 [3] 70 All Components

3.2.2 [4] 72 All Components

3.2.3 [l]a. 72 CTIU

3.2.3 [I]b. 72 CTIU

3.2.3 [I]c. 72 CTIU, BDU

3.2.3 [l]d. 72 CTIU, BDU

3.2.3 [l]e. 72 CTIU, BDU

3.2.3 [l]f. 73 CTIU, BDU

3.2.3 [l]g. 73 CTIU

3.2.3 [l]h. 73 CTIU

3.2.3 [l]i. 73 CTIU

3.2.3 [l]j. 73 CTIU, SCC

3.2.3 [I]k. 73 BDU

3.2.3 [1]1. 73 CTIU

3.2.3 [l]m. 73 CTIU, BDU

3.2.3 [l]n. 73 All Components

3.2.3.1 [1] 73 CTIU

3.2.3.1 [2] 73 SFE, SSR
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v
13.2.3.1 [3] 73 SSR
I

13.2.3.1.1 [1] 73 SCC, CTIU, BDU, SSR

3.2.3.1.1 [2] 73 SCC, CTIU, BDU, SSR

3.2.3.2 [1] 73 SCC, CTIU, BDU

3.2.3.2 [2] 73 SCC, CTIU, BDU, SSR

3.2.3 .2[3] 73 SFE, SSR Instruments

3.2.3.2.1 [1] 74 SCC, CTIU, BDU, SSR

13.2.3.3 [1] 74 SCC, CTIU, BDU, SSR

3.2.3.3 [2] 74 SCC, CTIU, BDU, SSR

3.2.3.3 [3] 74 SSR, CTIU

3.2.3.3 [4] 74 CTIU

3.2.3.3.1 [1] 74 SCC, CTIU, BDU SSR,
SFE

3.2.3.3.1 [2]a. 74 Scc

3.2.3.3,1 [2]b. 74 CTIU

3.2.3.3.1 [2]c. 74 SFE, SSR

3.2.3.4 [1] 74 SCC, CTIU, BDU SSR,
SFE

3.2.3.4[2] 74 SSR, CTIU, SFE

3.2.3.4[3] 75 SFE, SSR. .
I

1 I t

i3.2.3.4 [4] [75 I SFE, SSR I I

13.2.3.4.1 75 SCC, CTIU, BDU, SSR,
SFE

3.2.3.5 75 CTIU
I I I

3.2.4.1[1] I75 IAll Components I I
1 I 1

3.2.4.1[21 I 75 ] All Components I I. . I 1 1

3.2.4.2[1] I75 IAll Components I
13.2.4.2[2]

1 1 1
I75 IAll Components I, K

3.2.4.2[3] I75 IAll Components I I
:3.2.4.2 [4] I 75 I All Components I I

1 m

3.2.4.2[5] I75 IAll Components I I
3.2.4.3 75 All Components

3.2.5 [1] 76 All Components

3.2.5 [2] 76 All Components

13.2.5[3] 76 All Components except
CTIU

3.2.6 [1] 76 All Components
, ,

3.2.6[2] 176 IAll Components I I
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3.2.6 [3] 76 None, allocated in 3.7 to
components

3.2.6.1 76 All Components

3.2.6.2[1] 76 All Components

3.2.6.2 [2] 76 All Components

3.2.6.3 [1] 76 All Components

3.2.7 [1] 76 All Components

3.2.7 [2] 76 All Components

3.2.7 [3] 77 All Components

3.2.7 [4] 77 All Components

3.2.7.1 77 All Components

3.2.7.2 77 All Components

3.2.7.3 ?7 All Components

3.2.7.4 77 All Components

3.2.7.5 77 All Components

3.2.7.5.1 77 All Components

3.2.7.5.2 [1] 77 All Components

3.2.7.5.2 [2] 77 All Components

3.2.7.6 [1] 78 All Components

3.2.7.6 [2] 78 All Components

3.3 78 All Components

3.3.1 78 All Components

3.3.2 78 All Components

3.3.3 78 All Components

3.3.4 78 All Components

3.3.5 [1] 78 All Components

3.3.5 [2] 78 All Components

3.3.5 [3] 79 All Components

3.3.6 79 All Components

3.3.6.1 79 All Components

3.4 79 All Components

3.4.1 79 CTIU SCC-based FSWS

3.5 79 All Components

3.5.1 79 All Components

3.52 79 All Components

3.6 79 All Components

3.6.1 79 All Components

3.6.2 80 All Components
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1 SCOPE

1.1 Identification

This specification establishes the performance, design, development, and test requirements for the
Communications Subsystem (COMMS) of the EOS-AM Spacecraft. These requirements are
derived from the Contract End Item (CEI) Specification for the EOS–AM Spacecraft
(PS20005396).
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2 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown, form a part of this speci.t7cation to the extent
speci.tied herein. In the event of conflict between the documents referenced below and the contents
of this specillcation, the contents of this specification shall take precedent, except as defined in
Section 3.6 herein.

2.1.1

2.1.2

2.1.3

NASA Documents

STDN 101.1, Rev. 4
October 1992

STDN 101.2, Rev. 6
September 1988

STDN 101.3, Rev. 3
November 1991

531–TR-001
October 1991

Military Documents

WSMCR–127-1 Western Space and Missile Center Range Safety
December 1989 Regulations

Other Government Documents

Spaceflight Tracking and Data Network Users
Guide, GSFC

Space Network (SN) User’s Guide, GSFC

Ground Network (GN) User’s Guide, GSFC

Users Spacecraft Clock Calibration System
(USCCS) User’s Guide

Not applicable.

2.2 Non-Government Documents

The following documents, of the latest issue shown, forma part of this specification to the extent
specified herein. In the event of conflict between the documents referenced herein and the contents
of this specification, the contents of this speciilcation shall be considered a superseding requirement,
except for higher tier documents.

2.2.1 Martin Marietta Astro Space Documents

1S20008501 General Interface Spectilcation for the Earth
Observing System (ICD-101)

1S20008504 Radio Frequency Interface Control Dccument Between
the EOS–AM Spacecraft and the Spaceflight Tracking
and Data Network (ICP1 04)
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1S20008689

1S20008503

PS20005396

PS20005404

PN20005404

PN20005869

20005391

20008652

20008655

20004280

PN20005397

PN20008664

TP-FIE-20008580

TP-CPTE-20008580

TP-AT-20008580

20008650

20008648

PS20008513

PS20008567

PS20008569

=

Direct Access System User’s Guide (ICB107)

EOS-AM Spacecraft to Launch Vehicle IRD (ICD-03)

EOS–AM Spacecraft Contract End Item S~ci.tlcation
(SEP-101)

Verification SpecKlcation for theEarth Observtig
System (VRD-1 10)

Veriilcation Plan for the Earth Observhg System
(VW-loo)

Electromagnetic Compatibility (EMC)ControlPlan
(SEP-106)

GovemmentFumished PropertyPlan

Critical Items List

EOS Platform Software Management Plan

Subcontractor’s Performance Assurance Requirements

Performance Assurance Implementation Plan

Comprehensive Test Plan (VRD-105)

Functional Test Procedure, Electrical for the
Communications Subsystem

Comprehensive Performance Test Procedure, Elecrncal
for the Communications Subsystem

Aliveness Test Procedure for the Communications
Subsystem

Program Approved Materials and Processes List
(PA-460)

Program Approved Parts List (PA-325)

Critical Item Development Spectilcation: High Gain
Antenna Assembly

Command and Data Handling Subsystem Specillcation
(SP-301)

Critical Item Development Specification:
Command and Telemetry Interface Unit (CTIU)
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PS20008575

PS20008583

PS20008584

PS20008586

PS20008588

PS20008589

PS20008590

PS20008543

PS20008568

PS20008573

PS20008506

PS20008694

PS20001411

PS20008571

PS20008745

Source:

Critical ItemDevelopment Speci.tlcation: Science
Formatting Equipment (SFE)

Critical Item Development Performance Speci.tlcation:
S–band Omni Antenna

Critical Item Development Performance Spectilcation:
S–band Transponder

Critical Item Development Petiormance Speci_t3cation:
S-band Interface Unit

Critical Item Development Performance Speci.i7cation:
KSA Modulator

Critical Item Development Performance Specification:
DAS Modulator

Critical Item Development Performance SpecKlcation:
DAS SSPA

Critical Item Development Performance Speciilcation:
Master Oscillator

Performance Specillcation Bus Data Unit (BDU) for
EOS-AM Spacecraft (SP-302)

Critical Item Development Performance Specillcation:
DAS UpConverter

Critical Item Development Performance Specification:
Direct Access System Antenna

Critical Item Development Performance Specification:
Fuse Distribution Board

Critical Item Development Performance Specillcation:
Recorder Equipment Module

Critical Item Development Performance Specification:
Direct Access System (DAS) Panel

Critical Item Development Performance Specification:
Command and Data Handling/Communications
Equipment Module

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

The Communications Subsystem (COMMS) shall meet all performance requirements speci.iled
herein. All requirements are end-f-life (EOL) spcciilcations unless stated otherwise.

3.1 Communications Subsystem Definition

The COMMS will accommodate the transmission of EOS Spacecraft telemetry, the reception of
EOS Spacecraft commands, the support of the EOS Spacecraft navigation requirements, and the
transmission of Ku-band realtime and playback science data using the Tracking and Data Relay
Satellite System (TDRSS). Transmission of telemetry andmception of commands will be primarily
suppoxted through TDRSS. If the TDRSS becomes unavailable, backup command and telemetry
functions will be accommodated through the use of the Deep Space Network (DSN), the ground
network (GN) or the Wallops Tracking Station (WTS). Primary navigation functions will be
supported via the use of TDRSS Onboard Navigation System, Block I (TONS I). Should the TONS
function become unavailable, then the TDRSS based S-band tracking support function will be
utilized as the backup navigation source. The Dtict Access System (DAS) will provide
direct-to-user science data and also act as a backup to the TDRSS science data return link function.
The Communications subsystem will support a hardline command interface through the launch
vehicle umbilical for prelaunch checkout.

To accommodate the above objectives, the Communications subsystem will provide Ku–band,
S-band, and X-band equipment. For Ku-band the return link frequency band is 15,003.4 f150
MHz. At S–band the forward link frequency band is2106.4H.5 MHz while the return link utilizes
2287.5 +3.5 MHz. The X–band Direct Access System (DAS) which includes Direct Playback(DP),
Direct Down link (DDL) and Direct Broadcast (DB) services utilizes a downlink transmit frequency
centered at 8212.5 MHz in an operating band from 8025 to 8400 MHz (375 MHz bandwidth).

3.1.1 Interface Definition

3.1.1.1 Functional Interfaces

A block diagram of the Communications Subsystem is given in Figure 1. Block diagrams of the
X-band, Ku-band, and S– band subsystems are shown in Figures 2,3, and 4 respectively. A block
diagram of the S–band Interface Unit (SBIU) is shown in Figure 5.
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3.1.1.2 Physical Interfaces

The COMMS components are located on the following Spacecraft assemblies:

a. DAS Panel: DAS Upconvertem (2), DAS SSPA’S(2), Waveguide Switch (l), and DAS
Filter Assembly (1)

b. COMMS/Control and Data Handling Subsystem (C&DHS)Equipment Module: S–band
Transponders (2), Master Oscillators (2), and S-band Interface Unit (1)

c. Recorder Equipment Module: DAS Modulators (2), and Ku–band Single Access (KSA)
Modulators (2)

d. Spacecraft Core Assembly: S–band Omni Antennas (2), DAS Earth Coverage
Antenna (1)

e. High Gain Antenna Assembly

3.1.1.2.1 Electrical Interfaces

The Communications subsystem shall conform to the requirements of Section 5 of the General
Interface Specification (GIS), 1S20008501, rtgarding power, grounds, standard signal interfaces,
test points, connectors, and pin allocations. The electrical interfaces for the equipment
modules/panel are shown in PS20001411 (Recorder Equipment Module), PS20008571 (DAS
Panel), and PS20008745 (C&DH/Communications Equipment Module). The interfaces for the
High Gain Antenna Assembly, S-band omni antennas, and DAS Earth Coverage Antenna are given
in PS200085 13, PS20008583, and PS20008506, respectively.

The Communications subsystem interfaces to GSE shall allow testing both with and without the use
of radiated RF communications links.

3.1.1 .2.1.1 Spacecraft Power Bus Interface

As shown in Figures 2 to 4 and PS20008513, PS20008583, and PS20008506, the COMMS
components on the DAS Panel, Recorder Equipment Module, and C&DH/Communications
Equipment Module interface to the Spacecraft Power Bus through the Fuse Distribution Board
(FDB) as specified in PS20008694. The Electrical Power Subsystem provides 120 Vdc primary
power to the HGA Assembly via two redundantly fused, switched feeds from separate Power
Distribution Unit connectors.

3.1.1 .2.1.2 C&DH Electrical Interface

The DAS Panel, Recorder Equipment Module, and C&DH/Communications Equipment Module
interface to the Spacecraft Command and Telemetry Bus is a redundant MIL-STD-1553B Bus. The
Bus Data Unit (BDU) interfaces to both the A and B Spacecraft Command and Telemetry buses, and
distributes commands to and collects telemetry from all the components located on the
panel/equipment modules as shown in Figures 2 to 4 and PS200085 13, PS20008583, and
PS20008506. The HGA Assembly interfaces to the Spacecraft Command and Telemeuy Bus via
two MIL-STD-1553B Remote Terminal (RT) interfaces.
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The Command and Telemetry Interface Unit (CTIU) / S-band Transponder interface carries
baseband command and telemetry and timing information between the CTIU and the S-band
Transponder. Interfaces w RS-422 compatible. Comections from the CTIU to S-band
Transponder are shown in Figure 4. One CTIU is expected to provide active signals to both S-band
Transponders. The CTH_Jsaccept active signals from both S-band Transponders.

3.1.1 .2.1.3 T-O Umbilical Interface

The T-O umbilical interface connects to the S-band Transponders in order to provide pre–launch
hardline command capability. The command rate is 2 kbps on a 16 kHz subcarrier and the interface
shall be as specified in 1S20008503.

3.1.1.2.2 Mechanical Interfaces

The Communications subsystem shall conform to the requirements of Section 4 of the GIS,
1S20008501, regarding coordinate systems, physical characteristics, design and construction,
mounting, alignment, mechanisms, dynamic characteristics, structural criteria, and tooling. The
mechanical interfaces for the equipment modules/panel axe shown in PS20001411 (Recorder
Equipment Module), PS20008571 (DAS Panel), and PS20008745 (C&DH./Communications
Equipment Module). The interfaces for the High Gain Antenna Assembly, S-band omni antennas,
and DAS Earth Coverage Antenna are given in PS200085 13, PS20008583, and PS20008506,
respectively.

3.1.1.2.3 Thermal Interfaces

The Communications subsystem shall conform to the requirements of Section 5 of the GIS,
1S20008501, regarding thermal interfaces, environmental flux parameters, and thermal control
hardware. The Thermal Control Subsystem provides both a closed-loop set of sensors and heaters
controlled by the Heater Control Electronics and a set of thermistors connected to the BDU for
teleme~ monitoring.

3.1.2 Major Component List

The major components of the Communications subsystem areas listed in Table 1.

3.2 Characteristics

3.2.1 Performance

The Communication Subsystem (COMMS) performance requirements as derived from the Control
End Item (CEI) Specification are summarized in this section.
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Table L Major Components

S/S Component Qty Major Function

S–band Omni Antenna 2 Contingency Communications

S–band Interface Unit 1 RF signal routing/cross strapping

S–band Transponder 2 Command reception, Telemehy
tmnsmission, Navigation

S–band Filter (Band Reject) 2 RF spectrum limiting

KSA Modulator 2 Science Data modulation and cod-
ing on the TDRSS RF link

Master Oscillator 2 Frequency reference for COMMS
and C&DH

High Gain Antenna Assy 1 TDRSS Communications Links

DAS Antenna 1 DAS Communications Links

DAS SSPA 2 DAS RF Transmission

DAS Upconvefier 2 DAS IF to RF Frequency
conversion

DAS Modulator 2 Science Data modulation and cod-
ing on the DAS RF link

DAS Filter Assembly 1 RF Spectrum limiting

DAS Waveguide Switch 1 Select Prime/Redundant SSPA

3.2.1.1 COMMS Data Communications Functions

The COMMS shall receive and demodulate all digital data transmitted to the Spacecraft from the
ground.

The COMMS shall modulate and transmit all digital data to be transferred from the Spacecraft to
the ground.

The COMMS shall perform the convolutional encoding (rate 1/2, constraint length 7), prior to
modulation and transmission, of digital data to be transferred to the ground via the S–band Single
Access (SSA), S-band Multiple Access (SMA), Ku–band Single Access (KSA), and the X–band
Direct Access System (DAS) links. Interleaving of convolutional encoder symbols on the SSA
return link for the 256 kbps recorder data shall be used.

The COMMS, when commanded to the proper state, shall transmit all valid downlink data provided
by the Command and Data Handling Subsystem (C&DHS).

The COMMS shall provide the interface for hardline commands through the launch vehicle
umbilical for prelaunch checkout.
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3.2.1.2 COMMS Navigation and ‘hacking Support

The COMMS shall perform Doppler tracking measurements in support of TONS during scheduled
TDRSS navigation tracking contacts, and shall provide the Doppler data to the Guidance,
Navigation, and Control Subsystem (GN&CS) via the Command and Data Handling Subsystem
(C&DHS).

The COMMS shall perform all Spacecraft functions related to TDRSS-based and GN-based
S-band tracking. This includes receiving and transmitting signals for TDRSS ranging, TDRSS
Doppler tracking and GN Doppler tracking.

All navigation and tracking data shall be communicated via the links shown in Table II.

Table II. Navigation Tkacking Links

Navigation/ Communications LhddAntema Combinations
Tracking Through Which Service Must Be Supported
Service

TDRSS SSA TDRSS SMA TDRSS SSA GN S-band
via HGA via HGA via Omni via Omni

TONS Forward Link Forward Link Forward Link Not Applicable
On-board Only Only Only

Navigation

TDRSS Forward + Return Forward + Return Forward + Return Not Applicable
Ranging Links Links Links

TDRSS Return Link Only Return Link Only Return Link Only Not Applicable
Doppler
Tracking

GN Doppler Not Applicable Not Applicable Not Applicable Return Link Only
Tracking

3.2.1.3 COMMS Time Transfer Support

The COMMS shall supply the C&DHS with signals indicating the receipt time of the PN code epoch
on the TDRSS forward link in support of the User Spacecraft Clock Calibration System (USCCS)
described in NASA 531-TR_l.

3.2.1.4 Link Parameter Requirements

The Ku–band return link parameter requirements shown in Table III are derived from STDN 101.2
and 1S20008504. The X–band (DAS) link parameter requirements are shown in Table IV. The
TDRSS S-band forward and return link parameter requirements shown in Tables V and VI,
respectively, are derived from STDN 101.2 and 1S20008504. The S-band forward link parameters
from DSN/GN/WTS to the EOS Spacecraft are shown in Table VII. The S–band return link
parameters from the EOS Spacecraft to DSN/GN/WTS are shown in Table VIII.
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Table III. Ku-band Subsystem Perfo-nce Chamctetistics

RequirementsParameter

KSA DG2
Transmit carrier frequency (MHz) 15,003.4

52.2 dBW over M1.4°beamwidth

RHCP or LHCP, selectable
1.5 dB over 3 dB beamwidth

EIRP (dBW)

Antenna polarization (Note 1)
Antenna axial ratio (maximum

SQPSKData modulation

NRZ-MData fom~at

Data rate restrictions
Total

I channel
Q channel

150 Mb/see
75 Mb/see
75 Mb/see

1:1Q:I Channel Power Ratio

Data bit transition density (average)

Consecutive data bits without a data bit transi-
tion

53yo

<570of data bit duration

Data asymmetry (peak)

Data rise time (90% of initial state to 90% of
final state)

Data bit jitter (Note 2)
To meet BER requirements

Convolutionary coded NRZ
symbols

s ()-37rad

QPSK phase imbalance
I/Q= 1:1 q“

s25 DBGain imbalance

Phase nonlinearity (applies for all types of
phase nonlinearities) (peak)

<3° over +80 MHz

s0.3 ~ over* 80 MHZGain flatness (peak)

<0.1 dB/MHz over* 80 MHzGain slope

AM/PM

Minimum 3 dB bandwidth prior to power am-
pltiler

<12°1dB

>300 MHz

Frequency stability (peak)
l-second observation time
5-hour observation time
48-hour observation time
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Table III. Ku-band Subsvstem Performance Characteristics (Continued).

Parameter Requirements

Incidental AM (peak)
At frequencies C2 kHz gom69&
At f~q. between 2 kHz and 10 kHz 53qo
At frequencies> 10 kHz 55yo

Untracked spurious PM 520

Untracked phase noise (rms) (coherent and
noncoherent) J/Q= 1 520

I/Q data skew (relative to ~quirements for I/Q
data synchronization where appropriate) <3yo
(peak)

Ncte 1:Operationalconsiderationsmay limit choiceof TDRSS antennapolarization.
Note 2: The tdal data bit jitter is the sumof the weightedspuriousand randomjitter components.

Table IV. X-band (DAS) Subsystem Performance Characteristk

Parameter Requirement

Transmit Center Frequency 8212.5 * 0.1 MHz

Polarization RHCP

Coverage + 63.8° Constant Power
Density

Minimum EIR.P (dBW) Ground5E1.Angle (deg.) EIRP(dBW)
(OdB link margin) 13.6

40 1.5
70 -2.6
90 -3.9

Data Modulation SQPSK, USQPSK

Data Format NRZ-M

Data Output Modes 1) DB only (Q:I power ratio= 1:1)
2) DB only (Q:I power ratio=41)
3) DB/DDL only
4) DP1 only
5) DB/DP2 only

Data Processing Recloek, Differential Encoding, Rate 1/2 Convolu-
tional Encoding

Gain Flamess <0.3 dB peak over *1 12.5 MHz

Phase Nonlinearity <5° peak over &l12.5 MHz

3 dB Bandwidth ~ 375 MHz
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Table IV. X-band (DAS) Subsystem Performance Characteristics (Continued)

Parameter Requirement

Gain Slope s 0.1 dB/MHz

AMfPM ~ 12°/dB

Untracked Spurious PM ~2” RMs

Phase Imbalance ~20

Gain Imbalance s 0.25 dB

Relative Phase Between 90*2°
I and Q-Channel

Data Asymmetry <370

Data Rise Time ~ 570 of symbol duration but not less than 800
psec

Data Bit Jitter ~ 0.37 Radian

In Band Flux Density

0°<e~<50 <–148 dBW/m2/4 kHz

5° <9m S250 <–148 +(&L–5 )/2 dBW/m2/4 kHz

25°< f3WS90” ~–138 dBW/m2/4 kHz

Spurious Output Out-of-band < –60 dBc

Phase Noise

1–1OHZ <15” RMS

10- 100Hz <7.5° RMS

1OOHZ– 1 kHZ <2.0° RMS

1 kHz - 150 MHZ <2.0° RMS

Frequency Stability

1 Second Average *3 X1O-9

5 Hour Average *1 X1O-’

48 Hour Average *3 X1O-7

Bit Error Rate (BER) 1 x 10-5

Incidental AM s 0.6% at< 2 kHz

~3%at~2kHzto10kHz

<570 at >10 kHz

Carrier Suppression >30dB
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Table V. S-band Forward Llti Sigd Pammetem tim~WSto EOS Spacecmfi
Rmnneter I Definition--. —------

I

I’DRSStransmitcarrierfrequency(MHZ) F

M-rierfrequencyaniving at user Spacecraft(MHz) FR
:Note1)
Wtioof commandchannelpowerto rangechannelpower +lo*o.5dB

VmgeChannel(Q)
Canier Commandchannelcamier

delayedxJ2 radians

PN modulation PSK, M2 radians

Carriersuppression 30 dB minimum

PN chip rate Sameas commandchannelPN chip rate

PN cede length (chips) (210. 1)~256

PNcde epochreference All 1‘sconditionsynchronizedto the command
channelPN ccxle

PN code family Truncated18-stageshiftregister sequences

Wnmand Channel(1)
Carrierfrequency(Hz) F

PN Modulation PSK, W2 radians

Carriersuppression 30 dB minimum

PN code length (chips) 210.1

PN code family Goldcodes

F (MHz)nominal 2106.4

PN chip rate (chip/see)
[~~~96] ‘F

Data format NRZ-M

Data rate 125, 1000,10000bps

Datamodulation Modul&2addedasynchronously

Wtes

1,. During pericds of Dopplercompensation,FR= f.* E, wheref. = 2106.4MHz (nominalcenter
frequencyof the Spacecraftreceiver)and E definedas follows. Dopplercompensationshall be
availablefor R S 12Kin/sec. Forwardlink Dopplercompensationfor MA and SSA shall not in-
crease the peak phase exmrof a receiver(with a second-orderCostas ICOPBL=32 Hz, at C/No
. 33 dB-Hz in the commandchannel)more than 3 degreesrelativeto the phaseerror for a Dop-
pler-free carrier.

i I Signal Acquisition I Signal Tracking 1
I I

Service Rc 15 m/secz I R<50m/sec2
1 I

MA and SSA E = 700 X [R/10]
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Table V. S-band Forward Lhk Signal Parameters fkom TDRSS to EOS Spacecraft
(Continued)

Parameter SMA SSA

Field+X-view (eachTDRS) * 13degreesconical ? 22.5 deg. E–*W
31 deg N-S

TDRSantema polarization LHC LHCm RHC, selectable
TDRSantennaaxial ratio (maximum) 1.5dB over3-dB 1.5dB over 3-dB

beamwidth bearnwidth

TDRS signalEIRP (minimum) 34 dBw 43.6 dBWnormalmode
46.1dBWhigh power

RF bandwidth(3 dB minimum) 6MHz 10MHZ
CommandChannelRadiatedPower/
RangeChannelRadiatedPower 10~().5dB 10t O.5dB

Modulatorphase imbalance
(BPSK Otdy) (peak) ~30 *30

Mcxiulatorgain imbalance ti.25 dB ML25(IB

Relativephase betweencommandand
range channels 90&3° 9of3°

Phasenonlinearity(peak) N. 12radian N. 15radian
overfl.1 MHz over*7.OMHz

Gainflatness (peak) *1.2 dB over fO.8dB over
fl.1 MHz *7 MHz

Gainslope (peak) M).1dB/MHz M.1 dB/MHz
AMfPM s13°/dB <1(y’/dB
SpuriousPM <1”~s <l” rrns
Spuriousoutputs >Q7dBc 227 dBc
[ncidentalAM (peak) g q~ <2%

F?haseNoise
1Hz-1OHZ S1.50~s <1.50~s
1OHZ-32HZ <1.50~s <1.5”~s
32Hz-lkHz ~4,00~s <4()”rms—.
lkHz-3 MHz Q.o” rrns ----
lkHz-6MHz ----- =.OOrrns

>atatransitionincludedPM
(Attransitiondensity= 100%) 2°rms 2°? rnls

‘Nchipjitter(includingeffectsofDoppler
compensation <10rrns <l” rms

:ommand/rangechannelPNchipskew
(peak) <0.01chip SO.o1chip

‘Nchipasymmetry(peak) <0.01chip <0.01chip
‘Nchiprate(relativeto absolutecoherence

with carrierrate) <().01Hz@ SO.olHzpeak
at PN rate at PN rate

)ata bit jitter <1%* <1’%6 peak

)ata asymmetry k3fzope* f3~ @
)ata transitiontime 235 ns~, <590 Z8ns~, ~~0
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Table VI. EOS S-band Return Link Signal Pax’ametemto~RSS

Parameter Requirement

SpacecraftThnsmit Canier Freq.,F1 2287.5MHz (nominal)

~/I ChannelPowerRatio 1:1,2:1, or4:l, commendable

ZIRP(dBw) 25.0 dBW(HGA); 0.0 dBW (Omni)

;arrier reference(Hz)
.Modeland3 (240/221)x SpacecraftReceiveFrequency(FR)

Mode 2 SpacecmftMasterOscillator

DGl
PN modulation,Modes 1and 2 SQPN (Nae 1)
PN code length(chips)

Mode 1 (210- 1)x256
Mode 2 211-1

PN codeepochreference
Mcde 1

I Channel All 1‘s conditirmsynchronizedto all 1‘s condition of
receivedforwardlink rangechannel.

Q Channel (Nae 2) All 1‘sconditiondelayed x + 1/2 PN chips relative to I
channelepoch.

Mode 2
I Channel Spacecraftmasteroscillator
Q Channel Delayed 1/2 PN chip period relative to I Channel PN

codeepoch
PN codefamily

Mcde 1 Ttuncated18-stageshift registersequences
Mode 2 Gold codes

DataFormat NRZ-M
Data modulationModes 1and 2 Modulo-2added asynchronousy to PN code
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Table VI. EOS S-band Return Link Signal Parameters to TDRSS (Continued)
Requirement

Parameter SMA SSA

?N chiprate (chipskc) [31/(240X 96)] X FI [31/(240X 96)] X FI

Mode 1data rate, maximum(Note3)
I Channel 16kbps 16 kbps
Q Channel 16kbps 16kbps

Vlcde2 data rate,maximum(Note3)
I Channel 16kbps 16kbps
Q Channel 16kbps 16kbps

Mode3 data rate, maximum
I Channel N/A 16kbps
Q Channel N/A 256 kbps

3ata asymmetry(peak) 5370 <3qo

Datarise time (9090of initial stateto 90% S5% of symboltime 5% of symboltime
of final state)

PNchipjitter
Tomeet trackingrequirements <1° rms <1° rms
Tomeet BER requirements i70 peak i% peak

3ata bit jitter (radians)
ro meet BERrequirements

CodedNRZ s0.37 rad <().37md

QPSKphaseimbalance
.

DG1
DataRate c 3 kb/s 55 degrees <5 degrees

DataRate >3 kb/s S6 degrees 56 degrees

Gainimbalance SO.25dB 50.25 dB

Phasenonlinearity(appliesfor all <3”over <3° over
typesof phasenonlinearities)(peak) >.1 ~ :3.5 ~

Gainflatness(peak) 50.3 dB over <0.3dB over
*2.1 fi *3.5 ~

Gainslope (peak) <0.1 dB/~ over <0,1 dB/~z over
+2.1 M *3.5 m

Notes:

1. When identical data is being transmitted on the I and Q-Channels (single data charmel
configurationfor Mcdes 1 m 2), the I-Channelcarrierphase shall lead the Q-Channelphase
by Pi/2 radians.

2. Q-ChannelPN cede shallbe identicalto I-ChannelPN codeoffsetby >20,000chips.

3. Ra[e 1/2convolutionalcodingshallbe used in all cases.
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Table VI. EOS s-band Return Link Signal Parameters to TDRSS (Continued)
Requirement

Parameter SMA SSA

AIWPM S12 deg dB S12 deg dB
Frequencystability (peak)

1-secondaveragetime <3 x 10E.9 S3 x 10E-9
5-hourobservationtime <1 x 1(3E-7 <l x 1OE-7
48-hourobservationtime <3 x ]OE-7 53 x 1t3E-7

IncidentalAM(peak) <>y~ S5%
UntrackedspuriousPM DG1 S2 degreesrms S2 degreesrms
Minimum3 dB bandwidth ~4-5MHzor two DGl:~4.5~or

times maximum twotimes
symbolrate, maximum
whicheveris symbolrate,
larger whicheveris

Untrackedphasenoise larger
(coherenthoncoherent)
DG1

DR <3 kb/s S2 degreesrms S2 degreesrrns
DR >3 kb/s S3 degreesrms S2 degreesrms

I/Qdata skew(relativeto requirementsfor <390l-ins ~3% ~s
I/Qdata synchronizationwhereappropriate)

UQPN skew (relativeto 0.5 chip) <t).ol chip s().01chip

PN chip rate, Mode 2 (relativeto absolutecoherence SO.01 l-h pa at PN rate SO.O1m peak at PN rate
with carrierrate)

PNpower suppression(noncohererttandcoherent ~().3dB 50.3 dB
turnaround)
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Table VIL S-band Forward Link Signal Parameters from DSN/GN/WTS to EOS
Spacecraft

Parameter Value

CommandData Rate 2000 bps

SubcamierFrequency 16kHz t 0.001percent(Note 1)

ModulationSignalme NRZ-M

CarrierMahdation Phase Modulation

Canier ModulationIndex ().7~ 10%mdi~

UplinkCenterFrequency 2106.4~Z * DopplerShift

AntennaDiameter 26 Meters,DSN subnet
9 Meters,GNand
6 Meters,WallopsIsland.

Polarization RHc

MinimumEIRP GN: 66.0 dBW; DSN: 73.5dBW,WPS:60.0 dBW

Naes:

1. The 2000bps commanddata bit clock will be coherentwith the 16kHz subcarrier.
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Table VIII, S-band Return Link Signal Parameters From EOS Spacecraft to DSN/GN/WPS

Information Baseband Information Subcarrier Information Carrier WPS
Reqd. Equiv.
Carrier Pwr.

at Data
Threshold

(dBM)*

Link No. Data Rate Format Mod. Freq. Format Mod. Frcq. Freq.

Subcarriec

10A Real-time 16kbps N/A N/A NIA Bi$-S PSK 1.024 Mode 1 -112.7

10B lclemetry 16khps Bi$-S f3=0.8rad MHz (Coherent) -112.8

Ioc (Always 16kbps Bi~-S * 570 *().(KI1% 240/221x -112.8
Present) U/L Freq

IOD I khps Bi~-S -124.8
M~e 2

10E I kbps Bi$-S (Non-Co- -124.8
hcrent)

2287.5MHz

* 0.001qo

Baschand:
Scc PM

10B Dump 16kbps Bi&S 11=1.Orad N/A NIA NIA NIA Mode 1or -121.9
(Peak Mode2

Rectangu- 1
lar)

*5%

10C Recorder 512 kbps Bi@S Sameas NIA N/A N/A NIA Mode 1or -106.8
Playback 10B Mode2

10E SCC Dump 1kbps Bi+-S Sameas N/A NIA N/A NIA Mode 1or -133.9
10B Mode2

* Equivalent carrier power measured at the Preamp for a BER = 10–5
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3.2.1.5 Coremand and Telemetry Lhtks

The forward command and return telemetry and science links shall be as shown in Tables IX and X,
respectively.

Table IX. Forward (Command) Links

Forward Lhdc Link Antenna Data Rate Usage
Service (Minimum

Required)

TDRSS SMA 1 HGA 1kbps Low Ratecommands,
(LHC) Contingency

TDRSS SSA 3 HGA 10kbps HighRatecommands
(LHC/RHC) NormalMode

TDRSS SSA 5 Ornni 125bps ContingencyCommanding
(RHC)

DSN/GN/WTS 9 Omnl 2 kbps EmergencyCommanding
S-Band (RHC)

Hard-Line — Umbilical 2 kbps Canrnands from GSE (Pre-Launch)

Notes:
1.A Contingencyis definedas a non-normaloperationalconditionsuchas the need to commandthe
Spacecraftduringnon–SAcontactperitis, or as the needto reconfigurethe Spacecraftusing the
S–bandOnmi antennas.
2. An Emergencyis definedas a non-normal operationalconditionwhichforcesthe useof the GN
insteadof any TDRS.

27 DCC062993



PS20008580 -
30June 1993

Mode

rDRSS
W1-mal
rDRSS
WX-rnal
rDRSS
WXrrsal

rDRSS
2ontin-
;ency

rDRSS
W1-rnal

3mer-
;ency

3AS

=

Table X. MM Return Lhk Telemetrv. Science and ‘Ikackin~ Modes-------- —---

Link Service
No.
2A TDRS-SMA

DG1,M1,2
2B TDRS-SMA

DG1,M1,2
4A TDRS-SSA

DG1,M1,2
4B TDRS-SSA

DG1,M1,2
4C TDRS-SSA

DGI, M3
6A TDRS-SSA

DGI, MI,2

i=

6B TDRS-SSA
DG1,M1,2

8A TDRS-KSA
DG2

8C TDRS-KSA
DG2

10A DSN/GN/WPS

I10B DSN/GN/WPS

14A DAS DB/DDL

I16A DAS DP1

--. —.- —..—. —-.-—.- *,—.

Data Mode I Rate

Real-TimeI-UK
Real-TimeI-UK
Diagnostic
Real-TimeI-UK
PlaybackI-UK
,Real-TimeH&S
‘Real-TimeH&S

16kbps
16kbps
16kbps
16kbps
256 kbps (7)
1 kbps (4)
1 kbps

Real-TimeH&S I 1kbm (4)
:Diagnostic I 1kb&
IPlaybackSci. [5) I 75 Mbm
Pla~backSci. I 75 Mbps

Real-TimeFVK 16kbps
Diagnostic 16kbps

~Real-TimeI-UK 16kbps
PlaybackI-UK 512 kbps
Real-Time H&S 1 kbps

Real-TimeH&S
Diammstic

IRe~–Tirne Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
Real-Time Sci.
PlaybackSci. (5J
PlaybackSci.
PlaybackSci.
PlaybackSci.

1 kbps
1 kbps
12.5Mbps
12.5Mbps
12.5Mbps
12.5Mbps
12.5Mbps
105Mbps
75 Mbps
75 Mbps
12.5Mbps
105Mbps

Antenna

HGA
(LHC)
HGA
(LHC)
HGA

(LHC/RHC)
HGA

(LHC/RHC)
HGA

(LHC/RHC)
Omni
WC)

Omni
(-RHC)
HGA

(LHc/RHc)
HGA

(LHC/RHC)
Omni
(RHC)
Omni
WC)
Omni
WC)
Omni
(RHC)
Omni
(RHC)
DAS

(RHC)
DAS

(RHC)
DAS

(RI-IC)
DAS

(RHC)
DAS

(RI-K)

Mod.

SQPSK~OJ

SQPSK@)

SQPSK@f

SQPSK@J

QPSK@)

SQPSK~OJ

SQPSK@

SQPSK

SQPSK

(1)

(2)

(2)

(I)

(2)

SQPSK

SQPSK@)

QPSK

SQPSK

QPSK

lkack-
ing (3)

ranged
Doppler
rangd
D@pler
rangel
Doppler
range/
Doppler
range./
D@pler
rangeJ
Dcppler

rangeJ
Doppler
no

no

Doppler

Doppler

Dcppler

‘Doppler

Dcppler

N/A

N/A

N/A

CpJe
on

on

Gi--

On

on,
1Ch
w

on

m-

Off

w

off

off

off

off

K

N/A

N/A

N/A

N/A

Qoles:
1. Modulationis PSKon 1.024MHzsubcarrier.

2. Modulationis PSK on 1.024MHz subcarrierand PM on carrier.

3. There is no range or Dopplertrackingfor Mode2 (M2) operations.

4. There is no CEI requirementto processthe I channel.

5. The I and Q data originates from a single data source.

6. Tbe Q/l power ratiois41.

7. Interleavingof convolutionalencodersymbols
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3.2.1.6 High Gain Antenna

The Spacecraft shall be capable of communications via any operational TDRS which has a clear
line-of-sight to the Spacecraft and is within the angular range of the HGA motion limits spec~led
in PS200085 13.

HGA contact availability with TDRS East and TDRS West shall be sufficient to allow scheduling
of 20 minutes of SA service in two or fewer uninterrupted intervals each orbit. The HGA shall be
capable of communications with a TDRS for 67~oof the time, including ~ne of Exclusion outages.

The COMMS shall implement pointing for the HGA. The COMMS shall point theHGA in response
to the latest azimuth and elevation data calculated by the GN&CS and commanded by the C&DHS.
The command shall be in the form of a direction and number of steps for both azimuth and elevation.
The COMMS shall return azimuth and elevation status via C&DHS.

The COMMS shall preclude any damage which may impair HGA operability due to command
errors.

3.2.1.7 COMMS Lhk Margins

As a goal, the COMMS shall be designed to achieve link margins of 3 dB or greater with a Bit Error
Rate (BER) of < 10_5on all required RF communications links except as modilied by the antenna
coverage requirements definition.

3.2.1.8 COMMS Bit Error Rate

The COMMS shall contribute a bit error rate S l&10 (TBR-1) to the transported data due to
on–board emor mechanisms.

3.2.1.9 Telemetry Allocation

The COMMS contribution to the total health and safety telemetry bandwidth shall beat or below
125 bits/second, not including fill data. COMMS contribution to the total housekeeping bandwidth
shall be at or below 222 bits/second not including fill data.

3.2.2 Operational Modes

Table XI lists the minimum communications capability for the six Spacecraft operating modes. The
following sections describe the operating modes and the COMMS requirements.

3.2.2.1 Ground Test Mode

The Ground Test Mode is used in the prelaunch phase of the mission, following integration of the
Spacecraft with the launch vehicle (i.e., this is not a mode used during Spacecraft Bus integration
and test). In this mode the Spacecraft is essentially in a “check+ut” state, receiving power via the
launch vehicle “T-minus-zero” (T-O) umbilical. During this mode, the COMMS shall
accommodate a hardline subcarrier modulated command link through the launch vehicle T–O
umbilical.
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Table XI. Minimum COMMS Capability

Mode: Ground Launch Survival Delta-v Standby Science Safe
Test Ascent Mode Mode Mode Mode Mode

Mode Mode

TDRSS Forward

SSA NA NA 125 bps 125 bps 125 bps 10 kbps 125 bps

SMA NA NA NR NR NR 1kbps NR

TDRSS Return

SSA NA NA 1 kbps 1 kbps 1 kbps 272 kbps 1kbps

SMA NA NA NR NR NR 16 kbps NR

KSA NA NA NR NR NR 150 Mbps NR

GN (S-band)

Forward NA 2 kbps 2 kbps 2 kbps 2 kbps 2 kbps 2 kbps

Return NA 528 kbps 528 kbps 528 kbps 528 kbps 528 kbps 528 kbps

HARDLINE (to GSE)

Forward 2 kbps NA NA NA NA NA NA

Return NA NA NA NA NA NA NA

HARDLINE (to LV)

Forward NA NA NA NA NA NA NA

Return NA NA NA NA NA NA NA

TONS NA NA NR NR m Yes NR

DB (X-band) NA NA NA NR NA 12.5MbpS N’R

DDL (X-band) NA NA NA NR NA 105Mbps NR

DPI (X-band) NA NA NA .NR NA 150Mbps NR

DP2 (X-band) NA NA NA NR NA 105Mbps NR

NA = Na applicableto operatingmode
NR = Not requiredat mtimum functionality.bul availableat higher levels of functionality

Notes: (1) For Standbyand Safe ModesTDRSS forward 1 kbps and 10kbps links and return 16kbps and
256 kbps links availablewhen 3-degree earthpointing maintained.

(2) Pointingof 0.4 degreesrequiredfcxsciencedata.

DCC062993 30



PS20008580
30June 1993

3.2.2.2 Survival Mode

The Survival Mode is a minimal power or power critical mode in which only essential Spacecraft
functions (e.g., low-rate commandinghelemetry, survival heaters) shall be supported.

The COMMS shall maintain or reacquire S–band communications links with TDRSS and/or
DSN/GN/WTS through the omni antennas. The COMMS shall provide for the maintenance of the
TONS link to support coarse orbit determination via TONS, or support the uplink of backup
ephemeris for orbit determination, as applicable.

3.2.2.3 Delta-V Mode

The Delta-V mode is a “propulsive” mode used to either raise altitude from the injection orbit to
mission operational altitude, to circularize the mission orbit, or to provide periodic correction to the
mission orbit. This mode is used during the Orbit Acquisition, Operational Initialization, and
Operational mission phases and will utilize the monopropellant engines.

The COMMS shall maintain and reacquire (as necessary) the S–band forward and return links with
TDRSS and/or DSN/GN/WTS. COMMS shall also maintain and reacquire S-band links through
the omnis. The COMMS shall provide for the maintenance of the TONS link to support coarse orbit
determination via TONS, or support the uplink of backup ephemeris for orbit determination, as
applicable. For higher Delta-V submode levels HGA Ku–band return link data will be provided
consistent with HGA pointing.

3.2.2.4 Standby Mode

The Standby Mode is a “non-science” mode that is used during subsystem checkout, during
quiescent periods, or as backup to the Science Mode.

Standby Mode is a primary mode during the Orbit Acquisition Initialization, Orbit Acquisition, and
Operational Initialization Phases. During the Orbit Acquisition Initialization Phase, the Spacecraft
will be in Launch/Ascent Mode until it receives ground commands to enter Standby Mode,
nominally after deployment of the HGA.

As a backup mode in the Operational Phase, Standby Mode is used when a problem arises with the
ability to collect or transmit instrument science dat&

Instrument science data collection and transmission is not supported in Standby Mode. Standby
Mode has full power resources so that housekeeping and instrument loads will not be shed upon
entering this mode. As required during subsystem checkout, both primary and redundant units of
components may be powered.

As a minimum, the COMMS shall suppoxt the maintenance of S–band communications links with
TDRSS andor GN via the ornnis. Although not a minimum requirement, the acquisition and
maintenance of a TDRSS HGA S–band link will be accommodated as capable once the HGA is
deployed during the Orbit Acquisition Initialization Phase. The COMM subsystem shall provide
for the maintenance of the TONS link to support coarse orbit determination via TONS and it shall
also suppcm the uplink of backup ephemeris for orbit determination, as applicable.
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3.2.2.5 Science Mode

The Science Mode is the primary mode used during the Operational Mission phase. During the
Operational Initialization Phase, it is one of several primary modes. While in Science Mode, the
Spacecraft will provide the full complement of resources neeessary to meet science mission
objectives during this mode. Science Mode is used for instrument cheek+ut activities during the
latter portion of the Operational Initialization Phase because full resources, including high–rate data
handling, are required for this activity.

The COMMS shall maintain and reacquire (as necessmy) HGA Ku-band and S-band fonvard and
return links with TDRSS and/or DSN/GN/WTS. Both high–rate and low-rate S–band links shall
be supported. The COMMS shall provide for the maintenance of the TONS link to support fme orbit
determination via TONS, or support the uplink of backup ephemeris for orbit determination, as
applicable. Instrument check-out activities shall be supported.

3.2.2.6 Safe Mode

The Safe Mode is a state in which the Spacecraft is capable of operating partially or completely
independent of the SCC depending on the problem which caused tie entry into Safe Mode.

The COMMS shall support the maintenance and reacquisition of low–rate S-band communications
links through the omni antenna with TDRSS andor DSN/GN/WTS. The TONS link shall not be
supported at lower mode levels. The COMMS shall be capable of performing these minimum
functions without SCC software or ACE support.

3.2.2.7 Launch/Ascent Mode

The Launch/Ascent Mode is the Spacecraft’s operational configuration during and immediately
following the boost to the injection orbit on the launch vehicle. Once separation from the launch
vehicle is detected by onboard logic and telemetry monitoring, the Spacecraft will use onboard logic
to petiorm four early mission activities, including: (1) an attitude maneuver to obtain an
earth-oriented attitude, (2) deployment of the solar array to support the bus load and begin battery
recharge, (3) establishment of an S–band communication link, primarily with TDRSS via the omni
antennas, and (4) deployment of the high gain antenna.

During the Orbit Acquisition Initialization Phase, the establishment of low–rate S–band
communications links via the ornnis with TDRSS an~or GN shall be supported. The maintenance
of these links will also be supported. The establishment of an S–band communication link via the
HGA with TDRSS shall be supported (after successful HGA deployment), as well as the
maintenance of these links. The COMM subsystem shall support the uplink of backup ephemeris
or orbit determination. The COMM subsystem shall also provide for the acquisition of the TONS
link via the omnis and/or the HGA and maintenance of the link to support orbit determination via
TONS.
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3.23 Command Reception Operations

3.23.1 SSA/SMA Command Links via the HGA

The S–band transponders shall be powered on at all times for command reception and the HGA shall
continuously track a selected TDRS within the pointing constraints. Upon initiation of an
SSA/SMA forward link by TDRS, the transponder shall automatically acquire the forward link,
despread and demodulate the signal and forward the baseband signal to the C&DH subsystem. For
TONS operation the C&DH will provide the receiver frequency control word to allow S-band
transponder acquisition of the uncompensated forward link. For TDRSS compensated forward link
operation, the C&DH will set the receiver offset frequency word to zero.

3.2.3.2 55A Command Lhk via Omni Antennas (Contingency)

The S–band transponders shall be powered on at all times for command reception. When the SSA
service is scheduled within the constraints of the omni antenna coverage and TDRS sends commands
to the EOS Spacecraft, the transponder shall be available for command reception. Upon initiation
of an SSA forward link by TDRS, the transponder shall automatically acquire the forward link,
despread and demodulate the signal and fonvard the baseband to the C&DH subsystem. For TONS
operation the C&DH will provide the receiver frequency control word to allow S-band transponder
acquisition of the uncompensated fonvard link. For TDRSS compensated forward link operation,
the C&DH will set the receiver offset frequency word to zero.

The receive omni system for TDRS SSA shall have greater than 70% (TBR-2) of the ti steradian
coverage with 3 dB link margin and greater than 80% (TBR-3) coverage with OdB link margin.

3.2.3.3 DSN/GN/WTS Command Link via Omni Antenna (Emergency Backup)

The S-band transponders shall be powered on at all times for command reception. Upon initiation
of a forward link by the DSN/GN/WTS, and in the absence of the TDRS forward link, the
transponder shall automatically acquire the fonvard link, demodulate the command uplink signals
(excluding the ranging channel), and forward the baseband signal to the C&DH subsystem.

3.2.4 Telemetry Transmission Operations

The primary on-orbit housekeeping telemetry path shall be via the TDRSS SSA or SMA Return
Service with DSN/GN/WTS Services available as an emergency backup. The DSN/GN/WTS links
support the same data rates as the TDRSS SSA normal link configurations with the exception of the
higher rate available for the telemetry recorder playback.

3.2.4.1 Science Data Transmission Operations

The COMMS shall support the EOS Spacecraft science data services by providing encoding,
modulation and transmission functions.

The primary science data return link shall be supported via the TDRSS KSA service. The HGA shall
be RHCP or LHCP, selectable, for the KSA return link. The KSA link will provide Ku–band
real–time and playback science downlink services to Instruments in accordance with Table XII.
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Table XII. Science Data Downlink Service Allocations

ASTER CERES MISR MOPITT MODIS Ancilary
Data

DDL P

DB v v

DP P F # v v v

Ku-band Real- P w w v w H
time

Ku–band Play- V F * v P v
back

The COMMS shall allow the the simultaneous transmission of the KSA return link and either the
SSA or SMA return link.

3.2.4.2 Direct Access Service

The COMMS shall provide an X-band Direct Access Service, including a direct downlink (DDL),
broadcast (DB), and playback (DP) capability for the Instruments as shown in Table XII. These
services shall not rely on HGA operability.

3.2.4.2.1 DAS Modes

During science operations, the Spacecraft shall accommodate the commanded selection of each of
the following DAS modes at any duty cycle, when measured over one orbit, up to 100 percent:

1. DDL, DB and DP Off

2. DB only - Q:I Power Ratio -1:1

3. DB only - Q:I Power Ratio -4:1

4. DB and DDL

5. DP1 only

6. DB and DP2

The DB, DDL, and DP services may be interrupted momentarily during DAS mode transitions.

3.2.4.2.2 DAS Transmit Polarization

The DB, DDL, and DP services shall be transmitted using Right Hand Circular Polarization.

3.2.4.2.3 Direct Broadcast (DB) Service

The COMMS shall provide the DB service whenever DAS modes 1,2,3, or 5 are selected.

DCC062993 34



PS20008580
30June1993

3.2.4.22.1 DB Data Input

The COMMS shall accept DB data from the C&DHS on a single channel.

3.2.4.23.2 DB Data l’kansmission

The COMMS shall transmit the DB data stream in real time via a QPSK-modulated X-band
downlink. The I- and Q- channels shall contain identical data for modes 1 and 2. DB data shall
appear only on the I<hannel for modes 3 and 5.

3.2.4.2.4 Direct Downlink (DDL) Service

The COMMS shall provide the DDL service whenever DAS mode 3 is selected.

3.2.4.2.4.1 DDL Data Input

The COMMS shall accept DDL data from the C&DHS on a single channel.

3.2.4.2.4.2 DDL Data Transmission

The COMMS shall transmit the DDL data stream in real time via a QPSK-modulated X-band
downlink. DDL data shall appear only on the Q-channel for DAS mode 3.

3.2.4.2.5 Direct Playback (DP) Service

The COMMS shall provide the DP service whenever DAS modes 4 and 5 are selected.

The DP service will be utilized only as a backup in case of any interruption of the ability to transmit
science data to ground users via the TDRSS Ku-band return link service. The DP service is not
required to be available simultaneously with the TDRSS Ku-band return link service.

3.2.4.2.5.1 DP Data Input

The COMMS shall accept DP data from the C&DHS on a single channel.

3.2.4.2.5.2 DP Data Transmission

The COMMS shall transmit the DP data stream via a QPSK-modulated X-band downlink. Data on
the I- and Q- channels shall be bit-interleaved for mode 4. DP data shall appear only on the
Q-channel for DAS mode 5.

3.2.4.2.6 Ground Station Interfaces

The COMMS shall transmit the DAS data such that, in the direction of a ground antenna with the
given elevation angle, the following Effective Isotropically-Radiated Power (EIRP) is achieved:

Ground Elevation Angle (deg) EIRP (dBW)

5 13.6
40 1.5
70 -2.6
90 –3.9
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3.2.5 Physical Characteristics

3.2S.1 Mass

Themass of the Communications subsystem shall not exceed 450 lbs. The center-of-mass, products
of inertia, and mass estimate accuracies shall be as defined in the mechanical portion of 1S20008501.

3.2.5.2 Durability

The COMMS shall be made up only of materials and components capable of withstanding for five
years environmental conditions specfled in 3.2.8 without evidence of damage as defined below.

The COMMS shall also be capable of withstanding, without evidence of physical damage (as
defined below), any wear due to the functioning of the system.

Damage shall be considered to be any change in the Communications subsystem or components
which may degade subsystem performance to levels below those specfled herein.

3.2.5.3 Layout and Dimensions

The COMMS layout and maximum component dimensions shall be in accordance with the
COMMS major component performance specitlcations listed in 2.2.1.

3.2.5.4 Maintainability Impact on Design

To the extent practical, the Communications subsystem shall facilitate maintenance by being
functionally, mechanically, and electrically independent from all other Spacecraft elements.

3.2.6 Power Characteristics

The subsystem shall operate per the performance requirements speciiled herein when supplied
power as specified in the power portion of 1S20008501. The orbit average end~f– life power of
the Communications subsystem shall not exceed 350 watts.

3.2.7 Reliability

The probability of mission success (P,) for the Communications subsystem including DAS functions
shall be at least .98 for a five-year mission Iifc.

3.2.7.1 Storage Restrictions

Limited-life components which may require change-out during storage shall be identified and
tracked in the Critical Items List, 20008652.

3.2.7.2 Reserved

3.2.7.3 Failure Tolerance

The COMMS shall be designed such that no single failure prevents meeting mission requirements.
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3.2.7.4 Failure Propagation Restrictions

The COMMS shall be designed such that no single faihm propagates other failures.

3.2.8 Environmental Conditions

The Communications subsystem components shall remain undamaged during, and following
exposure to the Protoflight environmental test levels corresponding to the environments defined in
1S20008501 Section 6.

The Communications subsystem and its components shall remain undamaged during, a.ndfollowing
exposure to the acceptance environmental test levels corresponding to the environments defined in
1S20008501 Section 6.

Test levels shall be as defined in the Verification Specification, PS20005404.

Damage shall be as defined in Section 3.2.5.2.

3.2.8.1 Storage, Integration and Test

The Communications subsystem shall be capable of being held for testing or storage for the period
defined in 1S20008501 Section 6, under the storage conditions stated the~ fon [1] thermal, [2]
contamination, [3] humidity, and [4] electro-magnetic interference (EMI), without suflering any
damage as defined in Section 3.2.5.2.

3.2.8.2 Shipment

The Communications subsystem shall abide by the following transportation environmental
requirements as defined in 1S20008501 Section 6: [1] thermal, [2] contamination, [3] humidity, [4]
EMI, [5] loads, and [6] shock.

3.2.8.3 Launch

The Communications subsystem shall abide by the following launch environmental requirements
as defined in 1S20008501 Section 6: [1] thermal, [2] contamination, [3] Radiated RF, [4] EMI, [5]
loads, [6] shock, and [7] pressure [8] acoustic vibration, and [9] lightning.

3.2.8.4 On+rbit

The Communications subsystem shall abide by the following on~rbit environmental requirements
as defined in 1S20008501 Sections 5 and 6: [1] thermal, [2] contamination, [3] pmsure, [4] EMI,
[5] loads, [6] shock, [7] orbital debris, [8] micrometeoroids, [9] vibration, [10] charged particle,[11]
atomic Oxygen, [12] magnetic, and [13 ] electrostatic discharge.

3.2.8.5 Electromagnetic Radiation

The Communications subsystem shall be compatible with its specified operating environment and
meet the requirements of the EOS Spacecraft, as specfiled by the EMC Control Plan, PN20005869.

The Communications subsystem and its components shall comply with the ionizing radiation design
requirements specified in the environments section of 1S20008501.
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3.2.8.6 Single Event Upset (SEU) and Single Event Latchup

The COMMS shall comply with the cosmic ray chaged particles and single event latchup
requirements speciiled in 1S20008501.

3.3 Design and Construction

The fabrication requirements of NHB 5300.4 (A, G-K) shall be implemented.

3.3.1 Material, Proeesse~ Par% and ~lnishes

All materials, manufacturing processes, parts and finishes shall be selected in accordance with the
comesponding requirements in the mechanical section of 1S20008501.

3.3.2 Nameplates and Product Marking

All Communications subsystem elements shall be labeled in accordance with 1S20008501.

3.3.3 Workmanship

Workmanship during fabrication of the Communications subsystem components shall be in
accordance with NASA standards as specified in NHB 5300.4 (3A, 3G–3K).

3.3.4 Interchangeability

Communications subsystem elements shall be interchangeable as defined in the mechanical section
of 1S20008501.

3.3.5 Safety

Personnel safety shall be maintained in all phases of the design, manufacturing, testing, and use.
The design shall meet the factors of safety presented in the mechanical section of 1S20008501.

The Communications subsystem shall meet the requirements of the Safety section of the Product
Assurance Implementation Plan (PAIP), PN20005397.

3.3.5.1 Pressurized Vessels

The COMMS includes no pressurized elements.

3.4 Documentation

3.4.1 Specifications

All parent and component specifications associated with this speci.flcatlon are shown in the
EOS-AM Spacecraft Specification Tree, 20008536.
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3.4.2

[1]

[2]

[3]

[4]

3.4.3

3.4.4

3.4.5

3.4.6

=

Drawings

Drawings shall be prepared in accordance with DOD-D-1OOO (level 2) and
DOD-STD-1OO.

Installation drawings shall be generated for all major subassemblies which are mounted to
the primary structure.

The installation of drawings shall identify the minimum clearances between the subassembly
and primary structure consistent with the level of assembly at the time of installation.

The installation drawings shall outline the major steps of the assembly and identify the
appropriate procedures used in the installation.

Reserved

Test plans

a. PN20008664 Comprehensive Test Plan (VRD-105)

Procedures

a. TP-ITE-20008580 Functional Test Procedure, Electrical for the
Communications Subsystem

b. TP-CPTE-20008580 Comprehensive Petiormance Test Procedure,
Electrical for the Communications Subsystem

C. TP-AT-20008580 Aliveness Test Procedure for the Communications
Subsystem

Software Documentation

All Computer Software Configuration Items (CSCIS) shall be documented as speci.iled in the
Software Management Plan, 20008655.

3.4.7 Operations Documentation

All operational requirements and constraints shall be documented in Ground System Requirements
Database, 20043119.

3.5 Logistics

3.5.1 Maintenance

The Communications subsystem shall be designed to require no maintenance
required during long periods of storage as specfled in Section 3.2.8.1 herein.
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3.5.2 supply

The following components shall have flight qualitled spares available during ground test activities:

a. S–band Transponder and Band Reject Fflter

b. Antenna Controller and RF Electronics Module of HGA

The following components shall have Engineering Test Models available during ground test
activities:

a. Master Oscillator

b. KSA Modulator

c. DAS Modulator (2 boards compatible with KSA modulator)

d. DAS Transmitter

e. DAS Upconverter

f. S–band Transponder and Band Reject Filter

3.6 Precedence

3.6.1 Precedence of Design Criteria

Communications subsystem design decisions shall be made to accommodate the following design
criteria in the following order of precedence:

a. Safety

b. Performance

c. Reliability

d. Cost

3.6.2 Documentation Precedence

If conflicts arise between documents, the communications subsystem shall adhere to design

requirements as stated in the document nearest the top of the following list of requirement
documents. The General Intetiace Speci.tlcation (GIS) is applicable to the communications
subsystem design only as invoked herein and is therefore not included in the following list:

a. Requirements Document @D) for the EOS–AM Spacecraft, Product Assurance
Requirements (PAR), Spacecraft PAR or subcontractor, as appropriate.

b. Contract End Item (CEI) Specification

c. Communications Subsystem Spccillcation
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3.7 Major Component Characteristics

3.7.1 Allocations

The Communications subsystem components shall be designed to levels at or below the allocations
shown in Table XIII.

Table XIII. Communications Subsystem Allocations
Envelope Est.

OY. (-L;~wo:l-) Mass Pcom~ P&
Components per (lbs) (Watts) (Watts)

S/c Total Total Total

S–band Omni Antema 2 5HX4.5D 2.0 0.0 0.0

S-band InterfaceUnit 1 21 x 10.1X5 12.3 0.0 1.0

S-band Transponder 2 10X8X8 34.6 40.7 36.0

Band Reject Filter 2 6.1 X 1.8x2 1.4 0.0 0.1

KSA Modulator 2 11X9X7.5 44.7 18.2 16.5

MasterOscillator 2 4x8x6 11 0.0 16.0

S and Ku BandCables 1 N/A 16.7 0.0 0.0

High Gain Antenna 1 N/A 225.0 156.2 138.0

X–bandEarthCoverageAntenna 1 6.5 X23 D 5.3 0.0 0.0

DAS SSPA 2 11.6x 4.7x2.1 5.9 79.2 57.0

DAS Upconvexter 2 3.5x 3.5x1.2 2.2 0.0 1.0

DAS Modulator 2 11X9X7.5 44.7 54.1 49.2

DAS Filter Assembly 1 6x 1.5x0.7 1.1 0.0 1.5

WG Swnch 1 2.5 x 2.5 X3.75 2.2 0.0 0.0

X–band Cables and Waveguide 1 N/A 9.4 0.0 0.0

Unalloeated Margin 31.5 1.6 0.0

Total 450.0 350.0 316.0

3.7.2 Flight Hardware Component Characteristics

3.7.2.1 High Gain Antema Assembly (HGAA)

3.7.2.1.1 Functional Requirements

The HGAA shall provide the major interface between the EOS Spacecraft and the TDRSS. The
HGA shall perform the functions of TDRSS science return link transmission using the KSA service,
The HGA shall also provide for command link reception and housekeeping telemetry transmission
using the SSA and SMA services. In addition, the HGAA shall provide the upconversion for the
Ku-band communication links from the 882.5529 MHz intermediate frequency (IF) to the transmit
frequency of 15,003.4 MHz.
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neHG~finction shdl~clude atwo~is gimb~wi~s t~figcaPabifiWt omeet~e~RSS ,
contact availability requirements.

The HGAA shall respond to pointing commands from the C&DH subsystem to provide the open
loop pointing capability (program track) and maintain the HGA boresight within the pointing error
limits of PS20005396, Table XII.

In support of the science data link, the HGAA shall provide the function of upconverting, amplifying
and radiating the modulated carrier on the TDRSS KSA return link. This return link shall be the
primary science data link with EOS DIS. The polarization of the KSA return link shall be left-hand
circular polarization (LHCP) or right-hand circular polarization (RHCP), selectable.

In suppoti of the command reception and telemetry transmission functions, the HGAA shall provide
RHCP and LHCP S-band feed.

3.7.2.1.2 Interface Requinments

a. The Power subsystem shall provide redundant power feeds from the 120 volt bus with
the capability to deliver 165 watts to the HGAA.

b. The interface to the C&DH subsystem shall be via two MIL-STD-1553B Remote
Terminal (RT) interfaces for command (including pointing commands) and telemetry
functions.

c. Each KSA Modulator shall provide a 882.5529 MHz modulated intermediate frequency
(IF) signal and a 1765.1 MHz local oscillator (LO) signal to the HGAA.

d. The S-band Interface Unit (SBIU) interface to the HGA shall be via two cables, one for
LHCP and one for RHCP.

e. The HGA layout shall attach the reflector and subreflector so that they maybe removed
and reinstalled on the Spacecraft at any time before encapsulation in the launch vehicle
payload fairing.

3.7.2.2 KSA Modulator

3.7.2.2.1 Functional Requirements

The KSA Medulator shall provide the coding and modulation functions required for the science data
prior to the HGA upconversion and transmission functions. Data shall be received from the C&DH
subsystem then differentially encoded, bit interleaved, convolutionally encmied, and QPSK
modulated onto an IF frequency. The KSA modulator shall also include a pseudo-random bit
stream generator to perform bit error rate testing. As shown in Table XIV the KSA Modulator shall
operate in the following modes:
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Table XIV. KSAModulator Modes

Input Data ‘lj’pe Output Data Rate
and (Max. Allowable) (Ml@

Max. Data Rate (Mbps) I Q Usage

150 75 75 PrimaryScienceData Downlink
(P/B or R/T) (Playbackor rest-tirne) I:Q=l:1

NIA 75 75 PseudorandomBit stream; I:Q=l: 1

3.7.2.2.2

a.

b.

c.

d.

e.

3.7.2.3

3.7.2.3.1

Interface Requirements

Each KSA Modulator shall provide a 882.5529 MHz IF output and a 1765.1 MHz LO
output to the HGA Assembly.

The interface to the power subsystem shall be via two 120 volt feeds (fused) with the
capability of supplying 53.4 watts total to the modulator.

The Science Formatting Equipment (SFE) shall provide a single input channel to each
KSA modulator with each input consisting of a clock and a 4-bit data line as specified
in PS20008575. Each data bit shall be NRZ-L with differential ECL logic. Each clock
signal shall be a square wave with differential ECL logic.

The Master Oscillator shall provide a 4 MHz clock signal reference to the KSA
Modulator with an interface characteristic specit7ed in PS20008591.

The command and telemetry interface requirements shall be as specfled in Appendices I
and II.

S–band Transponder

Functional Requirements

The S–band Transponder shall provide simultaneous transmission and reception of TDRSS SSA or
SMA signals with the alternate capability of transmission and reception of STDN standard signals
via DSNIGNIWTS.

In the TDRSS mode, the transponder shall provide the following functions:

a.

b.

c.

d.

e.

Receive, despread. and demodulate the SSA and SMA Forward link command signals
sent to the EOS Spacecraft, including the ranging channel.

Convolutionally encode, interleave (256 kbps only), modulate, and transmit SSA or
SMA return link telemetry.

Provide for S-band two way turn-around ranging, as well as one way Doppler tracking
functions compatible with the TDRSS.

Perform Doppler compensation and extraction on the TDRSS forward link based on
C&DH input, and provide the measured Doppler data to the C&DH subsystem.

Detect the PN code epoch on the TDRSS forward link and time tag the event for
Spacecraft clock calibration processing by the C&DH subsystem.
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In the STDN mode the transponder shall provide the following fimctions:

a. Acquire and track a carrier transmitter from the DSN/GN/WTS.

b. Receive and demodulate the DSN/GN/W’TS command uplink signals excluding the
ranging channel.

c. Transmit a phase modulated carrier where the modulation consists of a composite data
stream.

d. Provide one way doppler tracking functions.

3.7.2.3.2 Interface Requirements

a. The transponder shall accept two channels of downlink telemetq from each Command
and Telemetry Intetiace Unit (CTTU) as spectiled in PS20008584. Interfaces are
RS-422 compatible. Only one CTIU is expected to provide active signals to the S-band
Transponders.

b. Each S-band Transponder shall provide uplink command data, clock, RF lock, Bit lock,
and epoch to both CTIUS as specified in PS20008584. Intefiaces are RS-422
compatible. The CTIUS accept active signals from both S–band Transponder.

c. Each Master Oscillator shall provide a 4 MHz sinewave reference to each Transponder
with interface characteristics given in PS 20008591.

d. The S–band Transponder shall accept hardline commands from the GSE via the T-O
umbilical as specified in PS20008584.

e. The BDU serial command and telemetry interface requirements shall be as spccitled in
Appendices I and 11.

f. Each CTIU shall provide a Doppler Initiate signal to each S-band Transponder for
Doppler measurement synchronization. Each S-band Transponder shall provide a
Doppler Sample Mark to each C’ITU to indicate the time at which the Doppler
measurement was sampled. These interfaces are RS-422 compatible.

g. The S–band Transponders shall interface to the SBIU as illustrated in Figure 5.

3.7.2.4 Master Oscillator (MO)

3.7.2.4.1 Functional Requirements

The MO shall provide an ultrastable frequency reference for the DAS Modulator, KSA modulator,
S-band Transponder, and the Command and Telemet~ Interface Unit (CTIU).
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Interface Requirements

Each Master Oscillator sha~provide a4~zstiewave refemnceto both S–band
transponders with interface characteristics given in PS 2(M)08591.

Each Master Oscillator shall provide a 4 MHz clock ~ference to one DAS Modulator,
one KSA Modulator, and two CTIUS with interface characteristics given in
PS20008591.

The command and telemetry interface requirements shall be as specitled in Appendices I
and II.

S-band Interface Unit (SBIU)

Functional Requirements

The SBIU shall provide the cross–strapping function to interconnect the two S–bandomni antennas,
the two polarizations of the HGA S–band feeds and the two S–band transponders.

3.7.2.5.1.1 Command Reeeption

The SBIU shall passively combine both of the Omni antennas and the HGA to allow command
reception from any antenna by either transponder. There shall be no active components or switches
in the receive path to the transponder.

3.7.2.5.1.2 Telemetry Transmission

The SBIU shall route RF signals between the two S-band
LHCP), and the two transponders. Either transponder shall
of the antennas.

Omni antennas, the HGA (RHCP or
be capable of being connected to any

3.7.2.5.2 Interface Requirements

a. The SBIU shall intexface with the S–band transponders, HGA Assembly, and the S–band
omni antennas as shown in Figure 5 and spectiled in PS20008586.

b. The command and telemeuy interface requirements shall be as specified in Appendices I
and II.

3.7.2.6 S–band Omni Antenna

3.7.2.6.1 Functional Requirements

The two S–band onmi antennas shall be RHCP and shall provide coverage for TDRSS and
DSN/GN/WTS command reception and telemetry transmission.
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3.7.2.6.2 Interface Requirements

The S-band omni antennas shall interface with the SBIU as shown in Figure 5 and specified in
PS20008586.

3.7.2.7 DAS Antenna

3.7.2.7.1 Functional Requirements

The DAS antenna shall provide earth coverage of DAS data to User Ground Stations.

The coverage pattern shall be shaped to provide an approximately constant power density on earth
for a subtended angle about the Spacecraft earth pointing axis of * 63.8 degrees.

3.7.2.7.2 Interface Requirements

The input to the DAS Antenna shall be a modulated RF signal from the DAS falter assembly at a
center frequency of 8212.5 MHz.

3.7.2.8 DAS SSPA

3.7.2.8.1 Functional Requirements

The SSPA design shall provide a single output power capability for the different modes of DAS
operation.

3.7.2.8.2 Interface Requirements

a. The DAS Upeonverter shall provide a single RF input to the DAS SSPA at a center
frequency of 8212.5 MHz.

b. The DAS SSPA shall provide a single RF output (14 watts EOL) at a center frequency
of 8212.5 MHz to the DAS transfer switch.

c. The interface to the power subsystem shall be via two 120 volt feeds (fused) for each
SSPA with the capability of supplying 60 watts to the SSPA through each feed. One 120
volt feed is used for generating the RF high power output signal. The second 120 volt
feed is used to power the Waveguide Switch pulse stretcher circuit.

d. The DAS SSPA shall provide a switch driver signal to the Waveguide Switch to
command the switch to the desired position. This signal will be activated when the BDU
commands the SSPA through the standard BDU relay drive interface.

e. The command and telemetry interface requirements shall be as speci.tied in Appendices I
and II.

3.7.2.9 DAS Upconverter

3.7.2.9.1 Functional Requirements

The DAS UpConverter shall receive an IF and LO signal, each at 912.5 MHz, from the DAS
Modulator. The upeonvetier shall translate the 912.5 MHz IF signal to 8212.5 MHz, and shall
provide this RF signal to the DAS SSPA.
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3.7.2.9.2 Interface Requirements

a. The DAS Upconverter shall receive a 912.5 MHz LO signal from the DAS Modulator.

b. The DAS Modulator shall provide a 912.5 MHz IF signal to the DAS UpConverter.

c. The DAS Upeonvexter shall provide a 8212.5 MHz RF signal to the DAS SSPA.

d. The DAS Upeonverter shall receive a 5 volt power feed from the DAS SSPA. This feed
shall be capable of supplying 1 watt (regulated) to the DAS Upeonverter.

e. The command and telemetry interface requirements shall be as specified in
Appendices I and II.

3.7.2.10 DAS Modulator

3.7.2.10.1 Functional Requirements

The DAS Modulator shall provide the coding and modulation functions required for the science data
prior to the direct downlink upconversion and transmission functions. Data shall be received from
the C&DH subsystem then differentially encoded, convolutionally encoded and QPSK modulated
onto an intermediate frequency. The data shall be bit interleaved for the DP1 mode. The DAS
modulator shall generate a LO signal at 912.5 MHz for the upconverter. The DAS modulator shall
also include a pseudo-random bit stream generator to perform bit error rate testing. As shown in
Table XV the DAS Modulator shall operate in the following modes. The duration of any interruption
in DB service during transitions shall not exceed five seconds.

Table XV. DAS Modulator Modes

Input Data NW Output Data Rate
and (Max. Allowable)

Max. Data Rate (Mbps) (Mhps)

Channel 1 I Channel 2 I I Q, , ,
DB I N/A I 12.5 I 12.5
12.5

DB N/A 12.5 12.5
12.5

DB DDL 12.5 105
12.5 105

N/A DP1 75 75
150 I

DB DP2 12.5 105
12.5 105

N/A I lWA 75 I 75

Usage

Real-time DirectBroadcast(DB) of Low-
rate ScienceData (Not simultaneouswith
DDLor DP)Samedata on I &Q. 1:1Q/I

ratio

Real-time DirectBroadcast(DB) of Low-
rate ScienceData (Not simultaneouswith
DDLor DP) Same data on I & Q. 41 Q/l

ratio

Rea.1-TmeDirectDownlink(DDL)of
High-rateScienceData and DB (Net Si-

multaneouswith DP) 1:1I/Q ratio

Direct Playback(DP)for BackupScience
DataD~ink (Not SimultaneousWith

DB or DDL) 1:1IfQratio

DirectPlayback(DP) for Backup Science
Data Dow~ink and DB (Not S~ultaneous

WithDDL) 1:1I/Q ratio

PseudorandomBit Stream
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3.7.2.10.2 Interface Requirements

a. The DAS Modulator output to the DAS Upeonverter shall be a modulated IF signal at
a frequency of 912.5 MHz and an LO signal at 912.5 MHz.

b. The interface to the power subsystem shall be via two 120 volt feeds (fused) with the
capability of supplying 54.1 watts total to the medulator.

c. The Science Formatting Equipment (SFE) shall provide two input channels to each DAS
modulator with each input consisting of a clock and a 4-bit data line as speci.iled in
PS20008575. Each data bit shall be NW-L with d~erential ECL logic. Each clock
signal shall be a square wave with differential ECL logic.

d. The Master Oscillator shall provide a 4 MHz clock signal reference to the DAS
Modulator with an interface characteristic specified in PS20008591.

e. The command and telemetry intexface requirements shall be as specified in Appendices I
and II.
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4 QUALITY ASSURANCE PROVISIONS

The requirements for the formal veriilcation of the performance, design, and construction of the
communications subsystem shall be as spcciiled in this section. These requirements define the
extent to which the communications subsystem must demonstrate capability to meet the design and
performance requirements specitled in this document.

The COMMS design shall be reviewed in support of the Spacecraft Flight Assurance Review
program defined in the PAIP, Section 2, Assurance Review Requirements. The basis for the
COMMS verification program implementation is the Spacecraft Veritlcation Plan, PN20005404,
the Spacecraft Verification Specification, PS20005404, and the Spacecraft Comprehensive Test
Plan, PN20008664. The COMMS verification program includes an engineering development effort
designed to validate the appropriateness of the hardware design approach. Development includes
the building and testing of component breadboards and Engineering Test Models (ETM) of selected
designs to verify circuit development, function evaluation, stability studies and interface
performance. Development will not constitute verflcation, although data from development tests
will be used to support veri.tlcation activities.

Breadboards for the COMMS will provide the basis for interface verification, stability and transient
analysis, failure mcdes and redundancy functionality and design verification. ETMs will be used
to confirm packaging and manufacturing concepts while environmental exposure will be used to
confirm worst case performance capabilities.

4.1 Communications Subsystem Verification

Vertilcation of each requirement shall be performed as defined in the Veri.tlcation Matrix,
Attachment A, of this spcci.tlcation (provided under separate cover).

4.1.1 Verification Phases

Phases shall be either Acceptance or Qualification as defined in PS20005404.

4.1.2 Verification Methods

The following methods shall be used as speci17ed in the verification matrix to verify each of the
requirements in Section 3: Demonstration, Test, Analysis, and/or Inspection. Each method shall be
as defined in PS20005404.

4.2 Testing

4.2.1 Acceptance Testing

Acceptance testing shall be performed on all flight components to verify workmanship and
functionality. The acceptance test levels are defined in PS20005404, Section 4.
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4.2.2 Qualification testing

Qualification testing of Qualification Test Model (QTM) components shall be used to demonstrate
adequacy of design limits. The qua.ltilcation test levels are defined in PS20005404, Figures 1 and 2.

4.2w3 Protoflight Testing

Protoflight test hardware shall be used forqualtlcation testing and shall be identical in configuration
and production processing to flight hardware. Protoflight tests, where specified, shall consist of
qualification level exposure of the f~st flight article for acceptance level durations (time andor
cycles).

4.2.4 Installation Testing And Checkout

Installation testing and checkout such as continuity, interface mating, support equipment
compatibility, and documentation verification shall be done in accordance with the GIS,
1S20008501, and the Comprehensive Test Plan, PN20008664.

4.2.5 Test Equipment Verification

Unless otherwise specfled herein, instruments and test equipment used to measure communications
subsystem performance characteristics shall be in accordance with the vefilcation plan,
PN20005404.

4.2.6 Verification Conditions

Ambient test conditions shall be per Table V of the EOS Veriilcation Specification, PS20005404.
Test tolerances shall be per Table VI of PS20005404.

4.3 Verification Documentation

The subsystem verification activities shall be documented in:

a. Veriilcation Reports as defined in PS20005404

b. Test procedures

c. Test logs

d. Test Review Board meeting minutes

4.3.1 Responsibility for Verification

Astro Space shall verify each requirement specified in this document.
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5 PREPARATION FOR DELIVERY

The COMMS equipment shall be handled, packagea and transported in accordance with the
requirements given in Astro Space PAIP, 20005397, Section 8.21.
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6 NOTES

6.1 Definitions

6.2 Acronyms and Abbreviations

BER

bps

BSR

C&DHS

CEI

COMMS

CTIU

DAS

DB

DDL

DP

DSN

ECL

EIRP

EMC

EMI

EOL

mm

GIS

GN

GN&C

GSE

HGA

Hz

ICD

kbps

KSA

Bit Error Rate

bits per second

Bit Slippage Rate

Command and Data Handling Subsystem

Contract End item

Communications Subsystem

Command/Telemetry Interface Unit

Direct Access System

Direct Broadcast

Direct Downlink

Direct Playback

Deep Space Network

Emitter Coupled Logic

Effective Isotropic-Radiated Power

Electromagnetic Compatibility

Electromagnetic interference

End-of-Life

Fault Detection, Isolation, and Recovery

General Interface Spectilcation

Ground Network

Guidance, Navigation, and Control

Ground Support Equipment

High Gain Antenna

Hertz

Interface Control Document

kilobits per second

Ku–band Single Access
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kHz

LHCP

LO

Mbps

MHz

NA

NASA

P,

QPSK

RF

RHCP

RT

SBIU

SBT

SFE

SMA

SSA

TBR

TDRSS

TONS

UQPSK

Usccs

WTs

Kilohertz

Left Hand Circular Polarization

Local Oscillator

Megabits per second

Megahertz

Not Applicable

National Aeronautics and Space Administration

Probability of Success

Quadrature Phase Shift Keying

Radio Frequency

Radio Frequency Interference

Right Hand Circular Polarization

Remote Terminal

S–band Interface Unit

S–band Transponder

Science Formatting Equipment

S–band Multiple Access

S–band Single Access

To Be Reviewed

Tracking and Data Relay Satellite System

TDRSS Onboard Navigation System

Unbalanced Quadrature Phase Shift Keying

User Spacecraft Clock Calibration System

Wallops Tracking Station

6.3 Exceptions to the GIS and GIIS

Not applicable.

6.4 Requirements Traceability

Communication requirements in the COMMS flow from the CEI specification, PS20005396. The
COMMS Requirement Traceability Matrix is shown in Attachment B (provided under separate
cover).
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APPENDIX I

SUBSYSTEM COMMAND LIST

The Communications Subsystem command lists are provided in the following paragraphs for each
of the subsystem assemblies. The command signal types available are serial (S), relay drive (RD),
and logic–level pulse (UP).

10.1 S-band Transponder Command Lkt (11

The S–band Transponder interfaces with the COMM/C&DH Bus Data Unit (BDU) through two
serial interfaces. Commands are executed through one interface while telemetry is collected using
both interfaces.

Function Name

Receiver Frequency
Control Word (FCW)

Transmitter Frequency
Control Word (FCW)

Command Rate (2J

Signal Operation
~pe

s Offsets the Receiver Center Frequency

s Offsets the Transmitter Center Frequency

1

s ISelects Command Rate (O.125, 1, 10 kbps)
1 I

PN Code s ISelects the PN Code to be used in TDRSS Mode
I 1

Frequency Channel s ISelects the Frequency Channel for operation

Tx Power ON Is ITurns Transmitter power ON
I 1

Tx Power OFF s ITurns Transmitter power OFF
I 1

Tx Auto ON Allow s ]Transmitter Turns ON when receiver locks
I 1

Tx Auto ON Inhibit s ITransmitter will not Turn ON when receiver locks
1 I

Select Int. Osc. s ISelects internal TCXO as frequency reference
I I

Select Ex. Osc. A s ISelects external MO A as frequency reference

Select Ex. Osc. B s Selects external MOB as frequency reference

Tx Auto Coherent Allow s Transmitter automatically set to coherent mode
I Iwhen receiver locks

r---Tx Auto Coherent Inhibit s ITransmitter not automatically set to coherent mode
when receiver locks

1 1

Tx Format Select s ISelects Transmitter Format; STDN or TDRSS

ITDRSS Tx Mode I S ISelects TDRSS Transmit Mode F, G, or H
I 1

STDN Tx Mode s ISelects STDN Transmit Mode A, B, or C
I I

Tx I/Q Power Ratio s Selects TDRSS Link I/Q Power Ratio
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Function Name Signal Operation

~pe

I-Channel Conv. Enable s Enables I-Channel Convolutional Encoder

I-Channel Conv. Disable s Disables I-Channel Convolutional Encoder

Q-Channel Conv. Enable s Enables Q-Channel Convolutional Encoder

Q-Channel Conv. Disable s Disables Q-Channel Convolutional Encoder

Q-Channel Inter. Enable s Enables Q-Channel Interleave

Q-Channel Inter. Disable s Disables Q-Channel Interleave

A1/A2 Telemetry Select s Selects source of A telemetry input as Al or A2

B l/B2 Telemetry Select s Selects source of B telemetry input as B1 or B2

A Telemetry Enable s Enables A Telemetry input

A Telemetry Disable s Disables A Telemetry input

B Telemetry Enable s Enables B Telemetry input

B Telemetry Disable s Disables B Telemetry input

Transponder Reset s Resets the Transponder

I-Channel PN Enable s Enables I-Channel PN Code

I-Channel PN Disable s Disables I–Channel PN Code

Q-Channel PN Enable s Enables Q-Channel PN Code

Q-Channel PN Disable s Disables Q-Channel PN Code

Notes:

(1)

(2)

There are two transponder units and therefore two sets of commands and
command interfaces. Each serial command reserves one bit to specify the
transponder being addressed.

Command rates are 0.125,1, 10kbps for TDRSS, 2kbps for STDN. Command
rate at power up will be 125 bps.
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10.2 S-band Interface Unit (SBIU)Co~nd List

The SBIU interfaces with COM.M/C&DH BDU. The routing of Trarqmnders A and B is
implemented using four coaxial switches, SWI through SW4.

Function Name Signal Operation
~pe

SW1 TO POS A RD Select Zenith Omni

SW1 TO POS B RD Select Nadir Omni

SW2 TO POS A RD Seleet LHCP for HGA

SW2 TO POS B RD Select RHCP for HGA

SW3 TO POS A RD Select HGA for TX1

SW3 TO POS B Select Omni for TX1

SW4 TO POS A RD Select HGA for TX2

SW4 TO POS B RD Select Ornni for TX2

10.3 KSA Modulator Command List 111

The KSA modulators interface with the Recorder Equipment Module buss Data Unit ( BDU) and
Science Formatting Equipment (SFE), both are parts of C&DHS.

Function Name Signal Operation
~pe

KSA Mode Select s Selects Mode 1 or PN (Test)

Mod. EPC-1 ON RD Turns Modulator EPC-1 Power ON

Mod. EPC–1 OFF RD Tbms Modulator EPC-1 Power OFF

Mod. EPC–2 ON RD Turns Modulator EPC–2 Power ON

Mod. EPC–2 OFF RD Turns Modulator EPC–2 Power OFF

PN Transmit ON (21 s Enables PN Generator

PN Transmit OFF (2J s Disables PN Generator

Standby s Places Modulator on Standby (from On-line)

On-line s Places Modulator On-line (from Standby)

I Mod. Reset 1s1 Resets Modulator Circuits I

Notes: (1) Revised in April 1993: there are only two KSA modes —PN mode and mode 1;
Science Data (mode 1; play-back or real-time)) has input to Channel 1 only.

(2) There are two KSA Modulator units and therefore two sets of commands and
command interfaces.

(3) Only used when PN (Test) mode is selected.
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10.4 DASModulator Command List[lJ

The DAS Modulatorsinttiace with the Recorder BDU.

Function Name Signal Operation
~pe

Data Mode s Modes 1, 2, 3, or PN (Test)

QPSK Bal. s Selects the Balanced QPSK output

QPSK Unbal. s Selects the Unbalanced QPSK output

Mod. EPC-1 ON RD Turns Modulator EPC-1 Power ON

Mod. EPC-1 OFF RD Turns Modulator EPC-1 Power OFF

Mod. EPC–2 ON RD Turns Modulator EPC-2 Power ON

Mod. EPC-2 OFF RD Turns Modulator EPC–2 Power OFF

PN Transmit ON 12) s Enables PN Generator

PN Transmit OFF (z) s Disables PN Generator

Mod. Reset s Resets Modulator Circuits

Notes:

(1) ---- “- ‘ ‘“n “-3 ‘“’- “-””-”’-‘-- ‘L---r--- ‘“--- ‘--- ‘=---–--A- ‘-A

(2)

1nere are [wo DAa Moaulator unns am mererurc [WWs.as w LWIU11M11U3imu
command interfaces.

Only used when PN (Test) mode is selected.

10.5 DAS SSPA Command List (*I

The DAS SSPA’Sinterface with the DAS panel BDU.

Function Name Signal Operation
Type

SSPA ON RD Turns SSPA power ON

SSPA OFF RD Turns SSPA power OFF

WG Switch in POS. A RD Waveguide Switch selects SSPA A

WG Switch in POS. B RD Waveguide Switch selects SSPA B

Notes:

(1) There are two DAS SSPA’Sand therefore two sets of commands and command
interfaces.

DCC062993 58



PS20008580
30June 1993

10.6 Master Oscillator Command L~t (lJ

The Master Oscillators intexface with the COMM/C&DH BDU.

Function Name Signal Operation
~pe

Oscillator Power ON RD Turns Oscillator ON

Oscillator Power OFF RD Turns Oscillator OFF

Frequency Adjust s Adjusts the Oscillator Frequency

Notes:

(1) There are two Master Oscillators and therefo~ two sets of commands and
command interfaces.

10.7 High Gain Antenna Assembly (HGAA) Command List

The HGAA command and telemetry are interfaced (and only interfaced) with the C&DH via
MIL-STD-1553B buses (primary and redundant) .

Function Name Signal Operation
Type

Alternate Aeon ON s Turn Logic Board EPC ON

Alternate Aeon OFF s Turn Logic Board EPC OFF

TWTA-A Power ON s Turn 28 V Power ONTO TW’TA-A

TWTA-A Power OFF Isl Turn 28 V Power OFF TO TWTA-A I
1 1

TWTA-B Power ON s I Turn 28 V Power ONTO TWTA-B I
n

TWTA-B Power OFF I s I Turn 28 V Power OFF TO TWTA-B 1
I I

TWTA-A High voltage ON I S Turn TWTA-A High voltage ON I, ,
TWTA-A High voltage OFF I S I Turn TWTA-A High voltage OFF I

1 I

TWTA-B High voltage ON I S Turn TWTA-B High voltage ON I
m

TWTA-B High voltage OFF I S I Turn TWTA-B High voltage OFF i
1 1

UC–A Power ON I s Turn 28 V Power to UC-A ON I
UC–A Power OFF I s I llm 28 V Power to UC–A OFF I

I I

UC-B Power ON s Turn 28 V Power to UC–B ON I
x ,

UC-B Power OFF I s I Turn 28 V Power to UC-B OFF I
1 1

MDA-A Power ON s I Turn 28 V Power to MDA-A ON
, ,

MDA-A Power OFF s I Turn 28 V Power to MDA-A OFF I

MDA–B Power ON Isl Turn 28 V Power to MDA-B ON I
1 1

MDA–B Power OFF 1 s I Turn 28 V Power to MDA-B OFF I
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Function Name Signal Operation
~pe

Lock = Gimbal s Turn 28 V Power ON to U Lock Mechanism

Lock EL Gimbal s Turn 28 V Power ON to EL Lock Mechanism

Unlock AZ Gimbal s ‘lhm 28 V Power OFF to AZ Lock Mechanism

Unlock EL Gimbal s Turn 28 V Power OFF to EL Lock Mechanism

IF Switch to Position #1 s Set IF SW to Position #1

LO Switch to Position #1 s Set LO SW to Position #1

TX Switch to Position #1 s Set TX SW to Position #1

POLAR #1 Switch to s Set Polarization #1 to Position #1
Position #1

POLAR #2 Switch to s Set Polarization #2 to Position #1
Position #1

IF Switch to Position #2 s Set IF SW to Position #2

LO Switch to Position #2 s Set LOS W to Position #2

TX Switch to Position #2 s Set TX SW to Position #2

POLAR #1 Switch to s Set Poltization #1 to Position #2
Position #2

POLAR #2 Switch to s Set Polarization #2 to Position #2
Position #2

AZ Direction & STEP s Rotate HGA in Specified AZ direction

EL Direction& STEP s Rotate HGA in Speci.iied EL direction

ACON–A RESET s Manual Power on RESET

ACON–B RESET s Manual Power on RESET
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APPENDIX 11

20 COMMUNICATION SUBSYSTEM TELEMETRY REQUIREMENTS

20.1 Telemetry Table Header Definition

The table header below will be used for all component telemetry summaries. An explanation of each

column heading is provided for clarity.

I Telemetry Point I Units I NW I Bits Description I

Co] Heading I Definition

Telemetry Point Description of the telemetry data contents

Units The number of components having the same telemetry data

UP Active Analog (AA), Passive Analog (PA), Active Digital Discrete
(AD), Passive Digital Discrete (PD), Serial (S)

Bits The number of bits needed to represent the data

Description ITelemetry content definition.
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20.2 S-Band ~ansponder Telemet~ fist

The two S-Band transponders interface with the COMM/C&DH BDU. Each transponder provides
two 128 bit frames of serial telemetry (Frame A shown below, Frame B shown on the following
page). These frames are accessed with separate telemetry sync control lines (thereby requiring two
BDU serial interfaces) but are read out from the same telemetry data port. The receiver status and
received signal strength are considered critical performance telemetry.

Frame A
Telemetrv Point lufitsl~pe14 Description

.

Receiver Processing 2 s 4 Present receiver signal processing state
State

PN Lock Status 2 s 1 Lock status of the pn code tracking loop

SubCarrier Lock Status 2 s 1 Lock status of the subcarrier tracking loop

TDRSS/STDN Mode 2 s 1 Indicates STDN signal is being tracked
Status

Doppler Initiator 2 s 1 Doppler Initiate Interface A or B selected
Selected

I 1 I 1

Carrier Lock Status 21s I 1 ILock status of the RF carrier (TDRSS/STDN)

Detector Lock Status I 21s I 1 ILock status of the bit synchronizer

Long Code Sync Status 2 s 1 Lock status of the long code tracking code

Cycle Slip Detected 2 s 1 Carrier tracking loop cycle slip indicator

Slow Sauelch Status 2 s 1 Indicates SNR is -2 dB below threshold, I 1 I 1

CW Detect 21s 1 I Indicates CW (STDN) signal was detected
I I 1 1

Transponder Address 21s 1 IPromammed transponder address
1

Command Data Rate 2 s 3

Digital AGC 2 s 13

Wideband AGC 2 s 8

Selected PN Code 2 s 7

Receiver Frequency 2 s 32

Frame A Identifier 2 s 1

Rec. Offset Freq. Word 2 s 13

MO/TCXO Select 2 s 1

MO A/B Selected 2 s 1

Transmit Offset Freq. 2 s 13
Word

Present receiver uplink data rate

Present digital automatic gain control value

Receiver IF automatic gain control value

Present pn code for TDRSS mode

Receiver carrier NCO frequency control word

Identifies Frame A data (always set to O)

Present receiver frequency offset control word

MO or TCXO selected as frequency reference

MO A or B selected as frequency reference

Present transmit frequency offset control word

Static phase error of the 1st receiver LO

Static phase error of the 2nd transmitter LO
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Frame B
Telemetry Point

Utits ~pe Bits Description

Doppler Frequency Sum 2 s 64 Uplink Doppler frequency sum measurement

Cha.n2 Telem Status 2 s 1 Channel 2 downlink telemetry enabled/disabled

Chan 2 Telem Input 2 s 1 Channel 2 downlink telemetry prime/redundmt
Selected

Chan 1 Telem Status 2 s 1 Channel 1 downlink telemetry enable~disabled

Chan 1 Telem Input 2 s 1 Channel 1 downlink telemetry primelredundant
Selected

Chan 2 Encoder Status 2 s 1 Channel 2 convolut. encoder enableddisabled

Chan 1 Encoder Status 2 s 1 Channel 1 convolut. encoder enableddisabled

Q PN Code Status 2 s 1 Channel 2 pn code enabled/disabled

I PN Code Status 2 s 1 Channel 1 pn code enabledhlisabled

Transmit Auto-Cob. 2 s 1 Transmitter auto-coherency enablecUdisabled
Status

Transmit Auto-On 2 s 1 Transmitter auto-on enabled/disabled
Status

Transmitter Mode Status 2 s 3 Present transmitter mode (A, B. C, F, G, or H)

Q Channel Interleave : s 1 Channel 2 interleave enabled/disabled
Status

Transmitter Coherency 2 s 1 Coherent mode (mode 1) enabledkiisabled
Status

Transmitter Power 2 s 1 Transmitter powered ordoff
Status

Receiver Current 2 s 8 Receiver power converter input current

Frame B IdentK1er 2 s 1 Identifies Frame B data (always set to 1)

Q/I Power Ratio 2 s 2 QII (Channel 21Channel 1) power ratio

Ilansmitter Current 2 s 8 Transmitter power converter input cument

‘orWard RF Power 2 s 8 Transmitter RF power output level

Oscillator Temperature 2 s 8 Internal TCXO temperature

‘ower Amplifler 2 s 8 Transmitter power ampltiler temperature
temperature
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2Q.3 S-Band Interface Unit Telemetry List

The SBIU interfaces with the COMM/C&DH BDU. The SBIU consists of RF switches. Standard
status monitoring only is required.

Telemetry Point units ~pe Bits Description

Transmitter1 Antenna Select 1 PD 1 Position of transmitter 1 OMNI
or HGA RF switch

Transmitter 2 Antenna Select 1 PD 1 Position of transmitter 2 OMNI
or HGA RF switch

HGA Transmit Polarization 1 PD 1 Position of HGA RHCP or
Select LHCP RF switch

Ornni Antenna Select 1 PD 1 Nadir or Zenith OMNI RF
switch

*

20.4 Ku-band Single Access (KSA) Modulator Telemetry List

The KSA modulators interface with the Tape Recorder Equipment Module Bus Data Unit (Recorder
EM BDU), a part of the C&DH.

Telemetry Point units Type Bits
k
EPC 1 Power Status 2 PD 1

EPC 2 Power Status 2 PD 1
I
EPC 1 Input Current 2 AA 8

EPC 2 Input Current 2 AA 8

Oscillator Temperature 121pA18

lModulator Mode (1 or PN) 2 s 1

Input Clock Switch 2 s 1

‘IF Carrier Phase Leek 121S11

150MHz PLL status I 2 I s I 1

On–LineKtandby Status 121S11

EPC 1 Fail Status 121S11

EPC 2 Fail Status 121S11

Description

on/off statusof EPc 1

Onloff status of EPc 2

Inputcurrentdraw of EPC1

Inputcurrent draw of EPC2

Temperatum of IF/LO Oscillator I

=====4Master Oscillator or data clock

Data clock Lock or unlock status I

Modulator science of standby mode I

Over/under voltage status I

Over/under voltage status I

DCC062993 64



PS20008580
30June1993

20.5 DAS Modulator Telemetry Lut

The DAS modulatorinterfaces with the DAS panel BDU.

Telemetry Point units ~pe Bits Description

EPC 1 Power Status 2 PD 1 On/Off statusof EPC1

EPC 2 Power Status 2 PD 1 On/Off status of EPC2

EPC 1 Input Current 2 AA 8 Input current draw of EPC1

EPC 2 Input Current 2 AA 8 Input cument draw of EPC2

EPC 1 Voltage 2 AA 8 EPCl output voltage

EPC 2 Voltage 2 AA 8 EPC2 output voltage

Oscillator Temperature 2 PA 8 Temperature of IF/LO Oscillator

Modulator Output Switch 2 s 1 Mtiulator power ratio
(41 or 1:1 Q:I ratio)

Modulator Mode (1,2,3 or PN) 2 s 2 Modulator data mode

Input Clock Switch 2 s 1 Master Oscillator or data clock

IF Carrier Phase Lock 2 s 1 Frequency source PLL lock or
unlock status

150 MHz PLL Status 2 s 1 Data clock lock or unlock status

210 MHz PLL Status 2 s 1 Data clock lock or unlock status

EPC 1 Fail Status 2 s 1 Over/under voltage status

EPC 2 Fail Status 2 s 1 Over/under voltage status

20.6 DAS Waveguide Switch Telemetry Lkt

The DAS LO Cross–strapSwitch interfaceswith theDAS panelBDU. This switch cross-straps the
two DAS Modulator IF outputs with the two DAS U-~onverter IF inputs. Standard status

monitoring only is required.

Telemetry Point units ~pe Bits Description

Switch Position Status 1 PD 1 DAS waveguide switch position
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20.7 DAS SSPA Telemetry List

The DAS transmitters interface with the DAS BDU. Standard status monhoxing only is required.

Telemetry Point units me Bits Description

SSPA Status (On/Off) 2 PD 1 Power Status

Bus Current 2 AA 8 EPC bus current

Baseplate Temperature 2 PA 8 Power amplifler temperature

20.8 Master Oscillator (MO) Telemetry L~t

The MOS interface with the COMM/C&DH BDU. Standard status monitoring only is required.

Telemetry Point lUnitsl~el Bits I Description I

Oscillator Temperature 1 I 2 PA I 8. I Location 1 temperature
I 1 I I

Oscillator Temperature 2 2 PA 8 I Location 2 temperature I
1 1 1 I

Power Status (On/Off) 2 PD12 I Power relay status !

20.9 High Gain Antenna Telemetry List

Standardstatus monitoringonly is required. The HGA interfaces with its own remote terminalon
the C&T bus.

Telemetry Point lUnits I~pe IBits I Description I

STATUS AND FLAGS 1111 I
Switch Position - IF 1 PD 1 IF cross-strap switch status

Switch Position - LO 1 PD .1 LO cross-strap switch status

Switch Position - TX 1 PD 1 TWTA output select switch status

Switch Position -Polarization 2 PD 1 Polarization select switch status

TWTA High voltage ON/OFF I 21 PD 111 TWTA high voltage status I

TWTA 28 V ON/OFF 121PD111 TWTA low voltage status I

UC ON/OFF 121 PD 111 UC configuration status I

MDA ON/OFF 121PD111 MDA cotilguration status I

AZ Gimbal Lock/Unlock IIIPDIII AZ Gimbal lock status I
EL Gimbal Lock/Unlock IIIPDIII EL Gimbal lock status I
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Telemetry Point units ~pe Bits Description
r
Encoder Reference Line 2 PD 1 Encoder configuration status

AZ Motor Windings Select/deselect 1 PD 1 AZ motor winding status

lEL Motor Windings Selectideselect I 1 I PD I 1 I EL motor winding status

lACON oN/oFF I 2 I PDI1 I ACON configuration status

IANALOG/DIGITAL DATA I I
I 5V+ 121 AA 181 Logic EPC critical health

I+12V I 21AA18 I Logic EPC critical health

I-12V I 21AA18 I Logic EPC critical health

128 V (Buck Convexter) I 2 I AA I 8 I Buck convener critical health

IUC Secondary Voltage I 21AA18 I UC critical health

IMDA Assembly Bite I 21s I 16 MDA components and output status

i TWTA Forward Power Level I 2 I AA 8 I TW’TAcritical health

ITWTA Reflected Power Level I 2AA8 I TWTA critical health

ITWTA Anode Voltage I 2AA8 I TWTA critical health

lTWTA Helix Current I 2 I AA18 I TWTA critical health

IAZ Position Encoder I 2 S 16 I AZ absolute position data

IEL Position Encoder I 2 S 16 I EL absolute position data

ITEMPERATURE SENSORS I I I
ITWTA I 21 PA18 I TWTA temperature

IACON I 21PA18 I ACON temperature

IUc 121PA,181 UC temperature

IMDA I 2 I PA18 I MDA temperature

IAZ Gimbal I 1 I PA18 I Gimbal W winding temperature

EL Gimbal 1 PA 8 Gimbal EL winding temperature

S-Band Feed 1 PA 8 S–band feed safety

Ku–Band Feed 1 PA 8 Ku–band feed safety

-.
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1.1 Identification

This spectilcation establishes the performance, design, development, and test requirements for the
Electrical Power Subsystem (EPS). The EPS provides all necessary electrical power to operate all
Spacecraft instruments and subsystems at all times during the mission in accordance with the
requirements of the Contract End Item (CEI) Specification for the EOS–AM Spacecraft,
PS20005396 (SEP–101), throughout its design life.

DCC062693



(This page intentionally left blank.)

DCC062693 2



PS20004749
28June1993

2 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown, form a part of this speci.ilcation to the extent
speci.tied herein. In the event of conflict between the documents referenced below and the contents
of this specification, the contents of this specitlcation shall take precedence, except as defined in
Section 3.6 herein.

2.1.1 NASA Documents

GSFC-420-03-02
15 April 1992

GSFC-42249-OS

GSFC-422-2145

GSFC-422-32-05

GSFC-422-38435

GSFC-422-414)5

2.1.2 Military Documents

MIL-STD-1522A

MIL-STD-1553B

MIL-B-5087B

General Instrument Interface Specitlcation

Unique Instrument Interface Document for the
Advanced Spaceborne Thermal Emission and
Reflection Radiometer (ASTER)

Unique Instrument Interface Document for the
Moderate-Resolution Imaging Spectrometer
(MODIS)

Unique Instrument Interface Document for the
Clouds and the Earth’s Radiant Energy System
(CERES)

Unique Instrument Interface Document for the
Multi–Angle Imaging Spectroradiometer (MISR)

Unique Instmment Interface Document for the
Measurement of Pollution in the Troposphere
(MOPITT)

Standard General Requirements for Safe Design and
Operation of Pressurized Missile and Space Systems

1553 Serial Data Bus Requirements

Bonding, Electrical and Lightning Protection

2.1.3 Other Government Documents

WSMCR 127–1 Western Space and Missile Center Range Safety
December 1989 Speciilcation
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2.2 Non-Government Documents

The following documents of the latest issue shown form a part of this specification to the extent
specifkd herein. In the event of conflict between the documents referenced herein and the contents
of this specification, the contents of this specification shall be considered a superseding requirement,
except for higher tier documents.

2.2.1 Martin Marietta Astro Space Documents

NHB5300.4 Workmanship SpecKlcation

PS20005396 EOS–AM Spacecraft Contract End Item Specification,
(SEP-101)

PS20005397 Product Assurance Implementation Plan (PAIP)
1/17/92

PS20005404 Veriilcation Specification for the Earth Observing
System, (VRD-1 10)

PN20005404 Platform Vefilcation Plan
u3/93

PS20008536 EOS-A Spacecraft Specif__cationTree
5/14/92

PN20005868 Electromagnetic Compatibility Test Plan
8/14/90

PN20005869 Electromagnetic Compatibility (EMC) Control Plan,
(SEP-106)

1S20008501 General Interface Specification for the Earth Observing
System, (1CD-101)

1S20008502 General instrument Interface Specification for the
9/4192 ‘ Earth Observing System, (UID-101)

1S20008503 Launch Vehicle Interface Requirements Document
5/15/92 (ICD-103)

PS20008514 Critical Item Development Specillcation for Solar
Axray Assembly (SP-871)

PS20008596 Battery Power Conditioner (BPC) Performance
1/14/92 Specification

PS20008597 Electrical Power Conditioner (EPC) Performance
1/19/93 Specification (SP-502)

PS20008599 Power Distribution Unit (PDU) Performance
12/7/92 Specification (SP-502)

PS20008602 Array Drive Electronics (ADE) Performance
12/21/92 Specii3cation (SP-502)
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PS20008604
6/12/92

PS20008606
1/19/93

20008607

20008608

20008648

20008650

20008662

PN20008664
9/30/92

PS20008694
8/3 1/92

PS20008746
12/23/92

PS20008882
12123/92

Source:

2.2.2 Subcontractor Documents

PS20008514

20008593PIP4

20008593P5P8

Source:
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Sequential Shunt Unit (SSU)Performance
Specification (SP-502)

Solar Array Drive Critical Item Development
Specification (SP-501)

Ground Rules and Assumptions for Faihne Modes and
Effects Analysis (FMEA) (PA-500)

Ground Rules and Assumptions for Reliability
Assessment (PA-5 15)

Program Approved Parts List (PAPL) (PA-325)

Program Approved Materials and Processes List
(PAMPL) (PA460)

EOS–AM Spacecraft Flight Software System
Requirements Specillcation (SD-1109)

Spacecraft and Subsystem Test Plan (VRD-105a)

Fuse and Distribution Box (FDB) Performance
Specification (SP-502)

Hex Bay Battery Panel Performance Speci.tlcation

Power Module Battery Panel Performance
Speciilcation

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Solar Array Assembly Design Package

Eagle-Picher Battery Cell Drawing Package

Gates Battery Cell Drawing Package

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543–0800

2.2.3 Other Non-Government Documents

None
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3 REQUIREMENTS

The EPS shall meet all performance requirements specit3ed herein.

3.1 EPS Definition

The EPS provides the functions of energy generation, energy storage, power conversion, control,
regulation, and power source and harness protection for the EOS Spacecraft. The EPS provides all
Spacecraft instruments and subsystem housekeeping equipment with +120 Volts dc (Vdc) power
during all mission phases. A simpltiled block diagram of the EPS is shown in Figure 1. The EPS
shall be designed such that no single failure prevents meeting the mission requirements.

The EPS utilizes a fully-regulated direct-energy-transfer (DET) cotilguration operating at +120
*4% Vdc to transfer power directly from the source to the loads with a minimum of losses and
without any intermediate power conversion, providing regulated power for all housekeeping and
instrument loads. Conversion, when required from +120 Vdc to +28 Vdc at the loads, is provided
by electrical power conditioners (EPCS) near the point of the load in the subsystem modules.

A single-wing photovoltaic solar array, with Gallium Arsenide cells, converts incident solar energy
to electrical energy to operate the loads and to recharge two So-ampere-hour NiHz batteries. There
are two battery power conditioners (BPCS), one for each battery. The BPC combines discharge
regulation and charge regulation functions into a multichannel, internally redundant converter.
During the 35-minute (nominal) eclipse phase, the batteries provide power to operate the Spacecraft
loads. During the 6&ninute (nominal) sun phase of the orbit, the BPCS charge the batteries. The
BPC is commanded to specitlc charge rate by either the spacecraft controls computer (SCC) or
ground, via the bus data unit (BDU). Battery overcharge protection is provided by closed–loop
battery voltage/temperatum control.

The bus voltage is regulated by the SSU and BPCS via a control voltage generated by the mode
controller located within the Power Distribution Unit (PDU).

The Spacecraft main bus is a star-radial power distribution system at+120 Vdc implemented via
a double-insulated central distribution point in the PDU and supplying loads via fused feeds. The
central power point as well as all unfused paths connected to it are double-insulated from box chassis
and Spacecraft ground to eliminate single-point insulation failures.

3.1.1

Figure 2

3.1.2

Item Diagrams

shows a functional block diagam of the EPS.

Interface Definition

The mechanical and electrical interfaces that must exist between the major components of the EPS
and other Spacecraft power users are defined in their component performance specifications.

The EPS design shall comply with the requirements of the Launch Vehicle Interface Requirements
Document (1S20008503).

DCC062693



PS20004749
28June1993

-“o-o-o Pyro Bus

~ Power

o Serial 1/0 Bus

Discrete Signals

L
I SAA

HINGE TLM CMD I DEU I

A

v v
Css TLM OEU PWR S/A POWER

Ssu “’W*)
I CBS cMDmM lmvdc S/APOWER

4

v

SSU CTRL
*- I

TOIFR
FDB

~ ~~~ADE 28vdc \

TOI+ ‘
FROM TLM

CMDT@! TOI Bou-- MTR OR. Css Imvdc S/APCWER

From From

GSE BDU v A
TO FROM

80u BOU

To/

RLY A RLY T
ORV ‘I b----~ TO

,
FROM

ORV I
BOU

TLM

BAGERY BPC -
CTRL & CLK

#1

mos

#1 ~ I BAT CH@DISCHG

●

~~
W?, TLM & cwrent

o
6PM PW .

* VfL TLM & cwrenl

BATTERY ,.._. ;::u- TLM + CTRL & CLK

#2 FROM BPC + CMos

RLY ~) RLy
4 #2 ~

17RvTew BEP 0
BAT CWWDISCHG

ORV I
o
0

‘J

MOOIS

-cl

ELEC ACC

TOI
From

Td : PRA
From

GSE BOU c

‘n

MOOIS

● PRA

ACE: Attitude Control Electronics CERES

ADE: Arrav Drive Electronics
BDU: Bus”Data Unit
BEP: Battery Enable Plug Ht@

d

BPC: Battery Power Conditioner
Gmn

Antenna

PDU: Power Distribution Unit
PRA: Pyrotechnic Relay Assembly
SAA: Solar Array Assembly
SAD: Solar Array Drive

SSU CTRL TLM CMO

PDU

\
1

a ASTER OAS
- ,

+EEl

-EilEiaF
React!on

Wheei
1

•1

Reaclmn
Wheel

2

Reactem
wheel

SSU: Sequential Shunt Unit Figure 1. Simplified Block Diagram of EPS

8DCC062693

EX_TERNAL
POWER

J

#

PM
HCE

FOB

BTU



SLIP RINGS
(Wanlty n

)

assignment
shown)

SOLAR ARRAY
DRIvE

SOIARARRAY DEU

w;EOUENTIAL SHUNT UNIT

)
78 1 ADE

-— I -- .,-_

Battery #1

Thn _

—

!
——-...

I I Battery W,

— II

f
-.

--

-=&--Q-
--~s—
—

—

aExTERNAL
POWER

I HOUSEKEEPING (TyPIcd)
I

Figure 2, Simplified Power Distribution Diagram l&!!&!-



PS20004749
28June1993

=

El% components mounted on instrument support structure shall comply with the General
Instrument Interface SpecifhXion (GIIS), 420-03-02, and the Unique Instrument Interface
Documents (UllDs) for interface requirements.

3.1.2.1 Functional Interfaces

Similar functional interfaces shall be standardized.

3.1.2.1.1 Software Interfaces

The Power Monitoring and Control Software (PMCS) portion of the EOS flight software shall be
responsible for the health and safety of the EPS. The PMCS shall mide in the Spacecraft Controls
Computer. The interface between the SCC and the EPS will utilize the command and telemetry
functions of the C&DH subsystem.

3.1.2.2 Physical Interfaces

Similar physical interfaces shall be standardized.

3.1.2.2.1 External Power Interfaces

The EPS shall have external power interfaces to support Spacecraft integration and test (I&T) and
prelaunch flight preparation following Spacecraft-to-launch-vehicle integration. TheEPS shall be
able to use external power to start-up the EPS, charge batteries independent of the EPS and safely
connect batteries to the EPS. External power interfaces are illustrated in Figure 3.

External power sources will provide full protection such that interface requhements of this
specification are not exceeded during normal or abnormal EPS operation. Current limiting and
overvoltage protection will be provided. EPS parameters essential for monitoring normal operation
will be provided and used by the interfacing Ground Support Equipment (GSE) to determine EPS
performance and to prevent externally induced EPS damage.

3.1.2.2.1.1 Solar Array Electrical Simulator Interface

The EPS shall interface with the Solar Array Electrical Simulator (SAES), which will simulate each
of the solar cell circuits that make up the solar array. Simulation will include circuit level
current-voltage (I–V) functional relationship, capacitance, impedance and load transient responses.
Each shunt circuit in the Sequential Shunt Unit (SSU) shall interface with a simulated circuit in the
SAES. The SSU shall accept the EPS full rated load at 127 Vdc from the SAES. The SSU shall
accept simulated Solar Array Assembly (SAA) telemetry from the SAES. The SAES will accept 120
Vdc DEU power and commands from the SSU

3.1.2.2.1.2 External Power Source Interface

The EPS external power source interface shall accept power for housekeeping (Spacecraft
subsystem) loads and instrument loads. The external power source shall be such that the voltage at
the Power Distribution Unit’s (’PDU)primary power distribution point is 120 +4, –2% Vdc with a
maximum power of 2,530 kW.
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3.1.2.2.1.3 External Battery Charge Interface

Each battery panel shall have the capability of being charged independently as shown in Figure 3.
The EPS shall accept external battery charging during integration and test as well as pre-launch
activity, while the Spacecraft is integrated with the launch vehicle and prior to battery enable plug
installation. The EPS shall accept charge rates from C/10 (5.0 Amps) to the trickle charge rate of
C/90 (0.55 Amps). Battery charge management parameters, including battexy and cell voltages,
current, temperature and pressure (as a function of time) will be monitored and recorded during all
external charging. The EPS shall be able to power and monitor Battery Pressure Monitors (BPMs)
through the GSE and the Spacecraft. The external BPM power supply shall not interfere with the
EPS BPM power supply if the EPS should be separately powered.

3.1.2.2.1.4 EPS Start-up

The EPS shall be capable of being started using a “soft start” procedure where a voltage is applied
to the power bus beginning at zero (0.0 Vdc). Voltage increments not exceeding 5.0 Vdc (2.0 Vdc
at 45 Vdc – 60Vdc) will be used to bring the power bus to 120 Vdc. The solar array electrical
simulator (SAES) will be the primary power bus power source. Secondary ports, such as the external
power bus interface (3. 1.2.1.1.2) or the umbilical interface (3.1.2.1.1.5), may be used for EPS
start-up.

3.1.2.2.1.5 Umbilical Interface

The umbilical intetiace will contain all the functions required in Sections 3.1.2 .2.1.2 through
3.1.2.2.1.4. The EPS shall receive external umbilical power at voltages of O to 120 Vdc, with
maximum power of 1kW at 120 V, and maximum current of 20 A at 50 V. The umbilical interface
will provide Spacecraft load power plus battery maintenance charge power in the pre–launch
mission phase.

3.1.2.2.1.6 Battery Enable Plug

A battery enable plug (BEP); part of the electrical accommodations subsystem (EAS), will be used
to connect each battery to each channel of its dedicated BPC. A pre-enable plug, containing
explosion proof relays and surge current resistors, will be utilized prior to battery enable plug (BEP)
installation to make the initial connection. The pre-enable plug shall be used to equalize the battery
and bus voltages prior to installing the BEP. After installation of the battery enable plug, the
pre+mable plug will be removed and replaced with a connector cap capable of meeting all mission
requirements. Each BEP will contain power connections as well as battery voltage sense
connections. The Battery Enable Relay Box (BERB), supplied by I&T, shall have latching relays
to protect against power failures.

3.1.2.2.2 Pyro Bus Interfaces

The EPS shall provide redundant unfused Pyro buses directly from the batteries, using a voltage tap
at the 22nd cell. A pyro bus enable relay shall be located on each battery panel.
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3.13.2.3 Solar Array Assembly Interfaces

The Solar Array Assembly (SAA) elecrncal interfaces shall be as shown in Figure 4.

3.1.2.2.4 Sequential Shunt Unit Interfaces

The Sequential Shunt Unit (SSU) electrical interfaces shall be as shown in Figure 4.

3.1.2.2.S Array Drive Electronics Interfaces

The Array Drive Electronics (ADE) electrical interfaces shall be as shown in Figure 5.

3.1.2.2.6 Power Distribution Unit Interfaces

The Power Distribution Unit (PDU) electrical interfaces shall be as shown in Figure 6.
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3.12.2.7 Battery Assembly Interfaces

The Battery Assembly (BATllBAT2) electrical interfaces shall be as shown in Figure 7.

3.122.8 Battery Power Conditioner Interfaces

The Battery Power Conditioner (BPC) electrical interfaces shall be as shown in Figure 8.

3.1.2.2.9 Fuse and Distribution Board Interfaces

The electrical interfaces for the Fuse and Distribution Board (l?DB) shall be as shown in Figure 9.

3.1.2.2.10 Communication and Command and Data Handling Interfaces

The EPS shall provide 120 Vdc primary power to the communication and command and data
handling (C&DH) equipment module via two redundantly fused feeds from separate PDU
connectors. Distribution of +120 Vdc power locally shall be via an FDB assembly within the
module, which shall provide fused power to each component. An FDB shall be located in the
COMM/C&DH, Recorder, and Direct Access System (DAS) Equipment modules

The C&DH will provide bus data units (BDU) for local control and monitoring of power equipment,
as shown in Figure 10.

3.1.2.2.11 Guidance Navigation and Control Interfaces

The EPS shall provide 120 Vdc primary power to the Guidance, Navigation and Control (GN&C)
equipment module, and 120 Vdc power to the reaction wheel assembly (RWA) equipment module,
each via two redundantly fused feeds from separate PDU connectors. Subsidiary fusing in the local
FDB shall be utilized to provide overcuxrent protection.

Secondary, +28 Vdc, regulated power shall be provided within the GN&C sensor module by the
power switching unit (PSU).

3.1.2.2.12 Propulsion Interfaces

The EPS shall provide 120 Vdc primary power to the propulsion system (PROP) equipment via two
redundantly fused feeds from separate PDU connectors.

Secondary, +28 Vdc regulated power shall be provided within the propulsion module.

3.1.2.2.13 High Gain Antenna Interfaces

The EPS shall provide 120 Vdc primary power to the High Gain Antenna (HGA) via two
redundant y fused, switched feeds from separate PDU connectors.

3.1.2.2.14 Instrument Interfaces

The EPS shall provide 120 Vdc primary power to each instrument via two redundantly fused,
switched feeds from separate PDU connectors. The CERES and ASTER instruments shall be
provided with two sets of primary power feeds. The EPS shall comply with the requirements of each
instrument’s Unique Instrument Interface Document (UHD). Primary and backup power feed
current for each instrument shall bc provided via PDU telemetry.
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S/C Core3.1.2.2.15

A FDB shall be provided to feed S/C HCE on core structure.

3.1.2.2.16 Instrument Accommodations Electronics Interfaces

The EPS shall provide 120 Vdc primary power to each instrument accommodations electronics via
two redundantly fused feeds from separate PDU connectors. Distribution of +120 Vdc power
locally shall be via a FDB assembly, which shall provide fused power to the instrument’s Heater
Control Electronics (HCE) and Bus Data Unit (BDU). The FDB for ASTER shall provide power
feeds for two BDUS. The EPS shall provide the CERES instrument with two instrument
accommodations electronics.

3.1.2.2.17 Electrical Interfaces

The EPS shall comply with the requirements of the GIS, 1S20008501, Section 3, regarding Power,
Grounds, Standard Signal Interfaces, Electro-explosive devises, Test Points, and Connectors and
Pin Allocations.
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3.1.2.2.18 Mechanical Interfaces

The EPS shall comply with the requirements of the GIS, 1S20008501 Section 4, regarding
Coordinate Systems, Physical Characteristics, Design and Construction, Mounting, Alignment,
Mechanisms, Dynamic Characteristics, Structural Criteria, and Tooling. The EPS shall incorporate
interfaces for external stimuli or simulators where necessary for ground testing as defined in
Section 4 herein.

3.1.2.3 Thermal Interfaces

The EPS shall comply with the requirements of the GIS, 1S20008501 Section 5, regarding thermal
interfaces, environmental flux parameters, and thermal control hardware.

3.13 Major Component List

The major components of the EPS shall be as listed in Table 1,

Table I. Major Components

S/S Component

Solar Array Assembly

hay Drive Electronics

Batteries

Sequential Shunt Unit

Power Distribution Unit

Battery Power Conditioner

Fuse Distribution Box

Qty

1

Major Function (Location)

Conversion of solar energy into electrical energy.
(Deployed from Spacecraft)

1 Control SAD shaft rotation (C&DH/COMM
Equipment Module)

2 Store electrical energy for use during Spacecraft
eclipse periods ardor daytime loading. (Power
Equipment Module and Hex Bay Panel)

1 Regulates main bus by shunting excess mray
electrical power during daytime periods. (SAA)

1

2

Contains bus regulation/fault protection equipment
and distributes power and returns to all Spacecraft
loads. Provides power to Battery Pressure Monitors
(BPM), receives and conditions battery telemetry
(Power Equipment Module). Provide redundantly
fused power distribution paths to all Spacecraft
loads.

Supplies charge power to batteries during sunlight
periods and regulates main bus during discharge
periods. (Power Equipment Module)

2 Provides redundantly fused power distribution
internal to Spacecraft subsystems modules and
instruments. (C&DH/COMM EM, Recorder EM,
RWA EM, Propulsion, Direct Access Subsystem
EM, and Instruments)

Note: The Power harness is considered part of the Electrical Accommodations subsystem.
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3.2 Characteristics

3.2.1 Perfomnance

3.2.1.1 Solar Array

The EPS shall utilize a single wing, photovoltaic Gallium Arsenide (GaAs) solar array for solar
energy conversion. The array shall provide 5 kW (EOL) worst case (Day 22510:1’5 nodal crossing
(n.c.)) to ensure positive energy balance.

3.2.1.2 Energy Storage

The EPS shall utilize two NiHz secondary batteries for energy storage to provide power during
eclipses and, if necessary, daytime loads if solar array power is insufllcient to support load.

3.2.1.2.1 Number of NiHz Cells

Each NiHz secondary battery shall be comprised of 54 cells, of 50-ampere (nameplate) hour
capacity (at 20 ‘C) each.

3.2.1.2.2 Depth of Discharge

The depth of discharge (DOD) shall not exceed 30% in normal operation or 35% with one cell failed
per battery. Discharges to a DOD not to exceed 65% are allowable at launch, which will require more
than one orbit to fully recharge the batteries.

3.2.1.23 Battery Life

The minimum on-orbit operational life of each battery assembly shall be five years with one cell
failure (open or short).

3.2.1.2.4 Battery Overtemperature Control

Battery overtemperature control, in the form of VoltagiYTemperature (V/T) limit control, shall be
provided to protect batteries from excessive over-temperature during charging.

3.2.1.2.5 Battery Reconditioning

No on-orbit battery reconditioning shall be required.

3.2.1.3 EPS Primary Functions

The EPS shall:

a. Provide all instrument, HGA, and housekeeping electrical power during all mission
phases for a minimum operational lifetime of five years without servicing.
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b. Provide commands and telemetry to monitor and control subsystem performance to the
degree required to isolate faults and provide alerts for emergencies.

c. Provide for connecting and disconnecting the instruments and HGA from the main
elecrncal bus.

d. Provide telemetry and command interfaces in accordance with GIS (Section 3), to allow
for monitoring and managing of redundant functions.

e. Provide fusing for protection of power sources and power harnesses against overloads
or faults in the distribution and/or user subsystems

f. Provide double insulation of the main power distribution to protect against shorts in the
Power Distribution Unit.

g. Provide independent, fused, dual power feeds to protect the user loads from damage due
to faults in other user subsystems.

3.2.1.4 Power

3.2.1.4.1 Average Load Power

The EPS shall be capable of providing a minimum of 2530 W orbit average to the total Spacecraft
loads, excluding the battery recharge power. The EPS shall be designed for a peak spacecraft load
of 3000W, without violating the 2530W orbit average requirement.

3.2.1.4.2 Instrument Power

The EPS shall be capable of providing 100% of the total instrument power after five years of mission
life per the UIID and the GIIS. The EPS shall suppm each instrument independent of the other
instruments, not to exceed total power limits allocated to the instrument set as defined in the CEI
PS20005396.

3.2.1.4.3 Power Quality

The requirements for the electrical power users in designing and usage of power distribution and
conversion equipment shall be as defined in the following documents:

a. EMC Control Plan PN20005869

b. General Interface Specification for EOS 1S20008501

c. General Instrument Interface Specification GSFC-420-0342

d. EOS Contract End Item Specification, PS20005396
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3.2.1.5 Main Bus Characteristics

3.2.1.5.1 Bus Voltage Range

The EPS shall provide +120A4% Vdc power to the instruments, HGA, and housekeeping subsystem
loads, as measured at the load interface connector, during all mission phases and shall include the
combined effects of DC regulation, EPS source generated ripple, and load transients. The load
interface connector is defined as the point where the electrical accommodations subsystem’s harness
connects to a instrument, subsystem component, PSU, EPC, or FDB.

3.2.1.5.1.1 DC Regulation

The EPS shall provide a regulation range of + 4i-2% as measured at the PDU capacitor bank for
loads ranging from 120 W to 5 kW as shown in Figure 11. The regulation range shall be referenced
to 120 Vdc nominal. This voltage reference point shall be programmable (via the ground) to a lower
value of 118 Vdc (TBR-1). The nominal and startup reference value shall be 120 Vdc. Primary
and backup command capability shall be provided. An additional 2% drop shall be allowed from
the PDU capacitor bank to the load interface connector.

3.2.1 .5.1.2 Ripple

The EPS shall ensure that the main bus ripple voltage as measured at the PDU capacitor bank, is
within the limit defined in Figure 12. Note, this requirement is exclusive of load generated ripple.
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Figure 11. Bus Voltage Regulation Profile
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3.2.1 .5.1.3 Load Transients

The EPS shall limit the bus transient voltage undershoot or overshoot, as measured at the PDU
capacitor bank to 3.0 volts (within the described voltage regulation) and shall recover to within 10%
of its final value in 10 ms for the following positive or negative going load steps:

a. 10A with a maximum current rate change of 50 nWWs

b. 6A with a maximum current rate change of 20 mA/~s

3.2.1.5.2 Fault Operation

3.2.1 .5.2.1 Overvoltage Operation

Under fault conditions, the maximum bus voltage shall be limitedto+132 Vdc.

3.2.1 .5.2.2 Undervoltage Operation

Under fault conditions, the EPCS located within the PDU, SSU and BPC components shall operate
within specification at a bus voltage down to 50 V.

3.2.1 .5.2.3 Survivability

All EPS components shall be capable of surviving bus voltage from 0.0 Vdc to 132 Vdc.
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3.2.1.5.3 Distribution Drop

The power cable voltage drop percentages will be less than or equal to

a. PDUto user loads 2%

b. BPCto PDU 2%

c. Battery to BPC 2%

d. SSU to PDU 1% (includes slip rings)

3.2.1.5.4 Bus Impedance

3.2.1 .5.4.1 Bus Source Impedance

The bus source impedance, as measured across the PDU capacitor bank, shall be less than 0.2 ohms,
0.1 Hzto 100 kHZ.

3.2.1 .5.4.2 Impedance at User Interface

The bus source impedance, as seen at any load interface connector, shall be less than that in
Figure 13.

3.2.1 .5.4.3 User Deferential Mode Impedance

The user differential mode impedance (~m) shall be as given in the General Interface Specification
(1S20008501) in Section 3.1.1.3.2.
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3.2.1.53 Stability

The PDU, in conjunction with the characteristics of the SSU, BPCS, and Spacecraft loads, shall be
stable and shall provide a minimum of 30 degrees of phase margin and a minimum of 5 dB of gain
margin under worst case EOL conditions. The subsystem shall provide a minimum of 40 degrees
of phase margin and a minimum of 8 dB of gain margin under nominal operating conditions.

3.2.1.6 28 V Regulated Secondary Power

The EPS EPCS, located within the PDU and SSU, shall be Group 2 type (G2) and provide secondary
power as per the component speciilcations.

3.2.1.7 Pyrotechnic Device Power

3.2.1.7.1 Requirements

The pyrotechnic bus system will consist of two unfused buses, but diode-isolated, that are
independently sourced from the 22nd cell of each battery. The Electrical Accommodations
Subsystem (EAS) shall provide pyrotechnic relay assembly (PRA) for each pyro bus for activating
the pyrotechnic actuator devices on the Spacecraft.

3.2.1.7.2 Pyro Bus Voltage Range

The EPS pyrotechnic bus voltage shall range between 24.1 V and 35.5 V,as measured at the battery.

3.2.1.7.3 Pyro Bus Current Capability

Each pyrotechnic bus shall have a current capability of up to 48 amperes for 100 milliseconds.

3.2.1.8 Power Management and Distribution

All power distribution wirihg shall be either short-circuit protected or cument limited.

3.2.1.9 Operational Life

The EPS shall have a minimum on-orbit operational lifetime of five years.

3.2.1.10

a.

b.

c.

Launch Vehicle Compatibility

The EPS shall be compatible with the Atlas IIAS launch vehicle. The (EPS) design shall
not preclude launch on a Titan IV/NUS launch vehicle.

The EPS shall comply with the Spacecraft to Launch Vehicle Interface Requirements
Document (PS20008503) and the Western Space and Missile Center Range Safety
Specflcation (WSMCR-1 27–1).

The EPS equipment shall be designed to withstand the most severe of the environmental
levels imposed by the Atlas HAS and the Titan IV.
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3.2.1.11 Sensor Power and Conditioning

The EPS shall provide voltages for energizing all the EPS subsystem sensors. Telemet~ signal
conditioning shall be provided as required, within the appropriate component.

3.2.1.12 Grounding

The EPS grounding shall conform to the General Interface Specii3cation (PS20008501 ), except as
stated below.

3.2.1 .12.1 Primary Power

The EPS primary power subsystem shall be referenced to chassis at a single point in the Power
Distribution Unit (PDU) at the negative side of the bus capacitor bank. This point is the prime power
reference point.

3.2.1 .12.2 Secondary Power

The secondary grounding shall conform to the General Interface SpecYlcation (PS20008501),
except that secondary power used by EPS components shall be referenced to the prime power return.

3.2.1 .12.3 Fault Grounding

The EPS system shall implement a fault ground system as per the EOS–AM EMC Control Plan
(PN20005869).

3.2.1.13 Command and Telemetry Support

3.2.1 .13.1 Telemetry

The EPS component telemetry bandwidth allocations shall be as given in Table II.

Table II. EPS Component Telemetry Bandwidth Allocations

EPS Component Health Monitoring Tlm Nominal Telemetry Stream
Stream (1 kbit I-UK) (16 kbit H/K)

Sequential Shunt Unit / SAA 18 575

Array Drive Electronics 1 6.5

Power Distribution Unit 16 900

Battery Power Conditioner 3 3

Battery 2 2

[1] The EPS telemeuy shall be as listed in Appendix II.

[2] Telemetxy points for the EPS shall be chosen in accordance with the telemetry point selection
criteria in GIS, 1S20008501, section 3.

DCC062693 28



[3]

[4]

[5]

[6]

[7]

[8]

[9]

PS20004749
28June1993

s

Telemetry shall be provided to C&DHS for both the health and safety and the housekeeping
telemetry streams.

Telemetry to be included in both streams shall repment two separate samplings of the
telemetry points rather than a duplicated stream from a single sampling.

All telemetry provided for the health and safety stream shall also be included in the
housekeeping stream.

All sensed failures and any corrective actions taken shall be reported to the ground via
housekeeping telemetry.

The EPS shall periodically repeat this report until commanded to stop such reports.

EPS telemetry shall be available in all ground and flight phases of the mission.

The telemetry content shall remain constant among modes to the extent such data is available
in each given mode.

3.2.1 .13.2 Commendability

The EPS component command allocations shall be as given in Table III.

Table III. El% Component Command Allocations

EPS Component BDU Relay Serial Logic

Battery Power EM 4

PDU Power EM 62 8 8

ADE C&DH/Comm 16 2
EM

SSU / SAA C&DH/Comm 2
EM

BPC Power EM 8

[1] The EPS commands are listed in Appendix I.

[2] The EPS shall accept, and execute upon receipt, all commands received from the C&DH
subsystem.

[3] The EPS shall accept and execute commands to override or inhibit the execution of
automatic functions which may interfere with Spacecraft operations or jeopardize the health
of the Spacecraft. Such functions shall include, as a minimum, those which may cause:

a. The transition of the Spacecraft out of science mode;

b. The issuance of any commands whose execution maybe inadvisable after a particular
anomaly, and;

c. The issuance of any commands which would conilgure the subsystem to follow a
particular redundant path (one which may have been assessed to be faulty).

3.2.1 .13.3 Commanded Conilgurations

[1] The EPS shall be commendable to known states regardless of earlier or current states.
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[2] No single command shall place the subsystem into a configumtion from which it cannot
recover, regardless of current conilguration of the EPS or the Spacecraft.

[3] The EPS shall be capable of executing re+onilgumtion commands necessary to support
mode transitions and ~dundancy management.

3.2.2 Operational Modes

The EPS shall have operating states associated with the following Spacecraft operating modes: (see
Table W):

a. Ground test

b. Survival

c. Delta–V

d. Standby

e. Science

f. Safe

Table IV. Subsystem Operational Modes

I Observatory Mode I

Subsystem Mode Ground Survival Delta - V Standby Science Safe
Test *

Ground Power I x I I I
Nominal Operation I lx I x 1X1X1X1

I 1 ,

Safe
I

x I x I
* Includes Prelaunch

.
3.2.2.1 Ground Power

The EPS shall be capable of accepting power from Spacecraft external power interfaces for system
test operations. The batteries shall be capable of being fully discharged, via GSE, (c.1 V/cell) prior
to Spacecraft transportation. The EPS shall be capable of operating from minimum load to full load.

3.2.2.2 Normal Operation Mode

The EPS shall operate in batte~ discharge, battery charge, and shunt modes during the following
spacecraft modes: Survival, Delta – V, Standby, and Science. The EPS shall transition between its
modes while meeting all performance spectilcations. The EPS shall be configured to normal
operation mode at launch and shall be capable of being commanded to Safe/Survival mode by the
ground or the SCS via the BDU. The EPS shall be capable of operating from minimum load to full
load, (as per 3.2.1.5.1.1).
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3.2.2.2.1 Eclipse Battery Discharge Mode

The EPS shall be capable of transitioning to discharge mode from any other mode. The EPS shall
regulate the bus voltage by discharging the batteries during eclipse or when Spacecraft load is greater
than solar may capability.

3.2.2.2.2 Daylight - Battery Charge Mode

The EPS shall transition to charge mode, in which the batteries are charged, from any other mode.
The EPS shall be capable of transitioning to the discharge mode in the event of a load demand
exceeding solar array capability or entry into eclipse.

3.2.2.2.3 Daylight - Shunt Mode

The EPS shall transition to Shunt mode, in which the batteries are charged and excess solar array
power is shunted, from any other mode. The EPS shall be capable of transitioning to the charge or
discharge modes in the event of a load demand exceeding solar array capability or entry into eclipse.

3.2.2.3 Safe Mode

The EPS shall have a single configuration for levels of Safe and Survival mode operations that
involve the loss of the SCC control (except for the ADE). The EPS shall be able to survive safe mode
operation for an indefinite time. Levels of Safe mode and Survival mode shall be entered with loss
of “I’m OK” signal to the PDU command decoder from the BDU. The EPS shall not exit from safe
mode until commanded by the ground via the C&DHS. The EPS safe mode is defined as:

a. V/T curve 4 selected (As defined in the Battery SpecKlcation, PS20008746,
PS20008882)

b. Charge rate C/4.25 (11.8 A) selected

c. Array Drive Electronics (ADE) in safe mode operation either

1. Earth pointing: ADE operates closed loop with the coarse sun sensor (CSS)
inputs to point the solar array towards the sun, or

2. Sun pinting: ADE drives the array to index position (open loop mode).

3.2.3 Physical Characteristics

3.2.3.1 Mass

The mass of the EPS shall not exceed 1390 lbs. Table VI defines the EPS component mass
allocations. The center-of-mass, products of inertia, and mass estimate accuracies shall be as
defined in Section 4 of the GIS, 1S20008501.

3.2.3.2 Durability

The EPS shall use materials and components capable of withstanding five years on+rbit
environmental conditions without evidence of damage which may degrade subsystem performance.

31 DCC062693



PS20004749
28June1993

[1] The EPS shall be made up only of materials and components capable of withstanding the
environmental conditions speci.t3edin 3.2.7 without evidence of damage as defined below.

[2] The EPS shall also be capable of withstanding, without evidence of physical damage (as
defined below), any wear due to the functioning of the system.

[3] Damage shall be considered to be any change in the EPS or components which may degrade
subsystem performance to levels below those speci13edherein.

[4] The EPS shall be capable of meeting all opemtional requirements as specified herein, in the
environments speciiled in 3.2.7.4 and 3.2.7.5, for the duration of five years on orbit.

3.22.3 Layout and Dimensions

The EPS layout and maximum component dimensions shall be in accordance with the Interface
Control Documents of the EPS components (PDU, BPC, SSU, and battery).

3.2.3.4 Maintainability Impact on Design

[1] To the extent practical, the EPS shall facilitate maintenance by being functionally,
mechanically, and electrically independent from all other Spacecnft elements except as
stated in Section 3.1.2 herein

[2] and by being modular to the extent practical.

[3] The EPS shall be designed to use existing ground support equipment (GSE), wherever
practical, rather than requiring the design of new equipment.

3.2.3.5 Handling Features

The EPS and/or GSE designs shall include handling features which reduce the likelihood of damage
to any flight equipment.

3.2.4 Power Characteristics

The EPS shall operate per the performance requirements specified herein when supplied power as
specified in Section 3 of the GIS, 1S20008501.

3.2.5

The EPS

Power Usage

power resource allocations shall be as defined in Table V.

Table V. Power Resource Allocation (Watts)

Ground Delta
Test Survival Voltage Stand-by Science Safe

Mode Mode Mode Mode Mode Mode

Minimum 39 145 145 145 145 145

Maximum 145 145 145 145 145 145
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*Note: Propulsion Module EPCS and PSU NOT included

3.2S.1 Power Exclusion Rules

None

3.2.6 Reliability

[1] The probability of mission success (R) for the EPS shall be at least 0.94 for a five-year
mission life. Mission success is defined as meeting all the performance criteria specified in
section 3.2.

[2] The EPS reliability program shall comply with the requirements of the PAR, GSFC
420-05-02.

3.2.6.1 Storage Restrictions

Limited–life components which may require change-out during storage shall be identfled and
tracked in the Critical Items List, 20008652.

3.2.6.2 Vulnerability Factors

The following steps shall be taken to reduce EPS vulnerability to damage:

Vulnerable Area Protective Measures

Battery Assembly Protective covers

Connectors Protective covers

Solar cells Protected by blanket box

3.2.6.3 Failure Tolerance

The EPS shall be designed such that no single failure prevents meeting mission requirements.

[1] The EPS shall be tolerant of any single, credible, hard failure including a failure in the EAS
harness servicing the EPS.

[2] No failure shall induce any other failure.

[3] After any single EPS failure, the EPS shall continue to provide at least the minimum services
ident~led for safe/survival mode in paragraph 3.2.2.3 without any interruptions which may
threaten the survival of any Spacecraft component or instrument.

3.2.6.4 Failure Propagation Restrictions

[1] No single failure shall cause loss of a redundant functional path for any critical function,

[2] No event shall cause the loss of any critical or non-critical functional path resulting in the
loss of the alternate or redundant path.
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shall ensure that no instrument or component failures may propagate failures to
other Spacecraft elements. This shall be accomplished by providing independent, fused
power feed to all instruments and components. Cross-strapped power shall be fused or
current limited such that no single failure can disable power to a instrument or component.

[4] The EPS, via BDU command (or HGA) shall be capable of enabling or disabling of
delivering power to an instrument which, if drawn beyond allocated levels.

3.2.7

[1]

[2]

[3]

[4]

[5]

[6]

[7-J

Environmental Conditions

The EPS components shall remain undamaged during,

and following exposure to the Protoflight environmental test levels corresponding to the
ambient environments defined in the GIS, 1S20008501 Section 6.

The EPS and its components shall remain undamaged during,

and following exposure to the acceptance environmental test levels corresponding to the
ambient environments defined in the GIS, 1S20008501 Section 6.

Test levels shall be as defined in the Verillcation Spcci.ilcation, PS20005404.

Damage shall be as defined in section 3.2.3.2.

Where practical, the EPS shall not impose operational constraints due to natural environment
conditions during checkout, launch, and on-orbit operations. The battery shall not be
operated outside its thermal operational limits.

3.2.7.1 Storage, Integration, and Test

The EPS shall be capable of being held for testing and/or storage for the period defined in the GIS
(1S20008501 Section 6) under the pre-launch conditions stated therein for [1] thermal, [2]
contamination, [3] humidity, and [4] electro-magnetic interference (EMI), without suffering any
damage as defined above. Each,EPS component shall be transitioned from un–powered to normal
operations at the cold operating thermal limit. The battery storage requirements shall be as defined
in the batte~ panels speci.lications, PS20008746 and PS20008882.

3.2.7.2 Shipment

The EPS shall comply with the following transportation environmental requirements as defined in
the GIS (1S20008501 Section 6) [1] thermal, [2] contamination, [3] humidity, [4] EMI, [5] loads,
and [6] shock. The Spacecraft is assumed to be horizontal for all flight transportation and either
horizontal or vertical for all ground vehicle transportation.

3.2.7.3 Launch

The EPS shall comply with the following launch environmental requirements as defined in the GIS
(1S20008501 Section 6) [1] thermal, [2] contamination, [3] Radiated RF, [4] EMI, [5] loads, [6]
shock, and [7] pressure [8] acoustic vibration, [9] lightning and [10] cosmic ray.
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3.2.7.4 On+wbit

The EPS shall comply with the following on-orbit environmental requirements as defined in the GIS
(IS20008501 Sections 5 and 6) [1] thermal, [2] contamination, [3] pressure, [4] EMI, [5] loads, [6]
shock, [7] orbital debris, [8] micrometeoroids, [9] vibration, [10] charged particle, [11] atomic
oxygen, [12] magnetic, and [13] electrostatic discharge.

3.2.7.4.1 Eclipse Duration

The EPS shall be designed to operate and maintain positive energy balance at a maximum eclipse
duration of 34.84 minutes.

3.2.7.4.2 Array - Sun Beta Angle Variation

The EPS shall be designed to be compatible with the expected range of array-sun beta angles of 13.5
to 30.8 degrees.

3.2.7.5 Electromagnetic Radiation

[1] The EPS shall be compatible with its specitled operating environment and meet the
requirements for the Spacecraft, as specified by the EMC Control Plan, PN20005869.

[2] The EPS and its components shall comply with the ionizing radiation design requirements
spectiled in the GIS (1S20008501, Section 6).

3.2.7.5.1 Grounding, Bonding, and Shielding

The EPS circuits shall meet the requirements of grounding, bonding and shielding for components,
subsystems, and systems as defined in the Electromagnetic Compatibility Control Plan
(PN20005869).

3.3 Design and

3.3.1 Material,

Construction

Processes, Parts, and Finishes

All materials, manufacturing processes, parts and finishes shall be selected in accordance with the
corresponding requirements in the GIS (1S20008501, Section 4).

3.3.2 Nameplates and Product Marking

All EPS elements shall be labeled in accordance with the GIS (1S20008501, Section 4).

3.3.3 Workmanship

Workmanship during fabrication of the EPS electrical components shall be in accordance with
NASA standards as specified in NHB 5300.4 (3A, 3G-3K).
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3.3.4 Interchangeability

EPS elements shall be interchangeable as defined in the GIS (IS20008501, Section 4).

3.3.5 Safety

Measures for personnel safety shall be taken in all phases of the design, manufacturing, and testing,
in order to ensure personnel safety in accordance with WSMCR 127–1. The design shall meet the
factors of safety presented in the GIS (1S20008501, Section 4).

The EPS shall meet the requirements of the Safety section of the Product Assurance Implementation
Plan (PAIP), 20005397.

The EPS shall utilize the Batte~ Enable Plug (supplied by Electrical Accommodations) to provide
rapid accessibility to the battery during pre–launch for safety reasons.

3.3.5.1 General

Where practical, hazards shall be eliminated or removed through appropriate design measures.
Hazards which cannot be eliminated or removed shall, where practical, be prevented through
incorporation and use of safety devices or features. Remaining hazards shall be controlled through
the use of warning devices and/or special procedures.

3.3.5.2 Automatic Hazard Detection and Safing

Automated detection and safing of hazards which may cause personnel injury or loss of the
Spacecraft shall be independent of those subsystems being monitored. Where practical, the
detection and safing of lesser hazards shall also follow this pmctice.

3.3.5.3 Safety Interlock Mechanism#Rchniques

The Spacecraft Bus will incorporate safety interlock mechanisms, implemented in hardware or
software, to prevent the execution of predefine commands which are potentially hazardous to
personnel or to the Spacecraft, without prior con.tlrmation or arming by ground operators.

3.3.5.4 Liquids and Gasses

The design of subsystems and components which utilize liquids or gasses shall preclude hazards due
to the release of such fluids during maintenance operations.

3.3.5.5 Pressurized Vessels

The EPS includes nickel hydrogen batte~ cells, which shall be designed to include the pressurized
equipment factors of safety speci.t3edin the GIS (1S20008501, Section 4).

3.4 Documentation

3.4.1 Specifications

All parent and component specs associated with this specification am shown in the EOS-AM
Spacecraft Specification Tree, 20008536.

DCC062693 36



3.4.2 Drawings

a. Power Module

3.4.3 Technical Manuals

a. Battery operations manuals will be provided.

3.4.4 Test plans

PS20004749
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1S20009999

a.

b.

c.

d.

e.

Comprehensive test plan for EOS–AM S/C PN20008664

Test plan for EOS–AM S/C EPS breadboard PN20008679

Power Equip. Module and Battery Panels test plan PN20001408

Solar Array Assembly test plan PN20008514

Test plans will be provided for all components.

3.4.5 Procedures

All test plans will have corresponding test procedures.

3.4.6 Installation Instructions

a.

b.

c.

d.

e.

Batte~ installation instntetions

SSU installation instructions

SAA installation instructions

Power Equipment Module installation instructions

EPS components installation instructions

3.4.7 Software Doeurnentation

All Computer Software Configuration
Software Management Plan, 20008604

3.5 Logistics

3.5.1 Maintenance

Items (CSCIS) will be documented as speciiled in the

The EPS shall be designed to require no maintenance after testing other than that required during
long periods of storage as specified in Section 3.2.7.1 herein.

3.5.2 supply

The following components shall have spares during ground test:

a.

b.

c.

d.

e.

Array Drive Electronics (ADE)

Sequential Shunt Unit (SSU)

Fuse Distribution Box (FDB)

Battery Power Conditioner (BPC)

Power Distribution Unit (PDU)
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3.6 Precedence

3.6.1 Precedence of Design Criteria

EPS design decisions shall be made to accommodate the following &sign criteria in the following
order of precedence:

a. Safety

b. Performance

c. Reliability

d. Cost

3.6.2 Documentation Precedence

If conflicts arise between documents, the EPS shall adhere to design requirements as stated in the
document nearest the top of the following list of requirement documents. The General Interface
Specification (GIS) is applicable to the EPS design only as invoked herein and is therefore not
included in the following list:

a. Requirements Description Document (RDD)

b. Roduct Assurance Requirements for the EOS Observatories (Pm)

c. General Instrument Interface Specification (GIIS)

d. Contract End Item (CEI) Specification

e. External Interface Control Documents (ICDS) (e.g. EOS to Launch Vehicle, EOS
to TDRSS, etc)

f. Subsystem and Major Assembly Specifications

g. Component Specifications

3.7 Major Component Characteristics

3.7.1 Allocations

The EPS components shall be designed to mass and power levels at or below the allocations shown
in Table VI. The EPS components shall be designed to levels at or above the reliability allocations
shown in Table V].
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Table VI. EPS Component Allocations

Component Qty Total Power* Total Reliability
Mass Dissipation

I 1 1

I

I I

I (lb) I (Watts) (watts) I (p,)
I 1 #

Solar Array Assembly I 1 I 351 I o N/A I .999999
, ,

Power Battery Assembly I 1 I 319 I 6.6 132 I .990755
I I 1 t 1

Hex Bay Batte~ Assembly I 1 I 325 I 6.6 I 132 I .990755
1 ,

BPC 2 I 47 I 36 158 .996101

Issu 11198143.8[ 70.3 I .999255

IPDU
, 1 ,
I 1 I 102 I 38.4 I 32 I .998199
I I I I I

FDB – iIIStL 4 7.5 0 4“ .996063
, ,

FDB – (Recorder EM) 1 I 1.9 I o 1.0 I .996063
[ 1 1 1 1

FDB-Comrn/CD&H 1 I 1.9 0 I 1.0 .996063
, ,

FDB – RWA 1 I 1.9 I o I 1.0 I .996063
1 I 1 1 1

FDB – PROP 1 1.9 I o 1.0 I .996063

IFDB - DAS 1111.91011.0 I .996063
r 1 I 1 1

FDB – GN&C I 1 1.9 I o I 1.0 I .996063
, , ,

FDB - PWR 1 1 I 1.9 I o I 1.0 I .996063
I t 1 1 1

EPC (PROP) 1 8.8 I 32.1 5 .999925
, 1 , I ,

ADE 1 I 14.7 I 9.2 5.5 .980987
I I 1 I I

Psu 1 14.4 15.5 15.5 .999447
, , r

Total I 1390 I 188 I .940000

* orbit average power (EOL) consumed from the 120 Vdc Spacecraft bus.

3.7.2 Solar Array Assembly Characteristics

The solar array assembly (SAA) shall collect and convert
Spacecraft loads and battery charging during the five-year

3.7.2.1 Function

solar energy into electrical energy for
lifetime of the Spacecraft.

The SAA shall, as a minimum, contain the following functions or components:

a.

b.

c.

d.

A maximum of 28 solar array circuits

A maximum of 2.5 amps per circuit

Controlled deployment of the solar amay

Provide 5 kW at 127 Vdc at SSU interface after five years in orbit on day 22510:15 (n.c.)
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e. Telemetry to monitor SAA deployment and on-orbit electrical performance

f. Supply sun tracking functions for input to the ACE

3.7.2.2 Electrical

The conversion of solar energy into electrical energy shall be accomplished by the use of GaAs
photovoltaic solar cells.

3.7.2.3 Mechanical

The SAA, in the stowed configuration, shall be contained and supported within the launch vehicle
envelope. The design shall be capable of withstanding all handling, launch, and orbital operations.
SSA controls and actuators for calibration or adjustments shall incorporate mechanical stops where
necessary to prevent damage.

3.7.3 Battery Assembly Characteristics

The EPS shall contain two battery assemblies. The
54 series-connected 50 ampere-hour (nameplate), Mantech

battery assembly shall consist of
Nickel–H ydrogen battery cells. Each

battery assembly shall have three modes of operation: Charge, Discharge and Letdown (Ground
operations only). The battery shall transition between charge and discharge modes in response to
PDU/BPC closed-loop control operation. The letdown mode (Ground operations only) shall be
commanded after the BPC is disabled.

3.7.3.1 Function

Each battery shall, as a minimum, contain the following functions or components:

a.

b.

c.

d.

e.

f.

fl

h.

i.

Four (4) power connections from each channel of the BPC

Store electrical power to meet 2530 W orbit average load over a maximum eclipse period
of 34.8 minutes (98.9 minute orbit) at 5 years

Ability to letdown battery with the spacecraft power off (ground command only)

Telemetry to determine the state-of< harge and battery “health”

Redundant V/T sense function

Pyro Bus (tapped at 22nd cell)

Fuses on each power feed to the BPC

Inputioutput connectors

60 mil (minimum) A 1 cover to provide EMI and safet y/handling protection
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3.7.3.2.1
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Capability to power BPMs via Spacecraft or GSE but not both simultaneously

Provide for BPMs and fuses on batte~ assembl y

Pyro enable relay

Electrical

Battery End-of-Discharge Voltage

The minimum battery voltage at end-of~scharge shall be 54.0 V (1.0 V/cell) or 53.0 V with one
cell failed (open or short).

3.7.3.2.2 Battery End~f-Charge Voltage

The maximum battery voltage at end-of<harge shall be 87 V (1.61 V/cell) for the temperature
range -5°C to +20°C.

3.7.3.2.3 Voltage Range

The maximum battery voltage range shall be 53.0 V to 87.0 V under all conditions, with one or no
cell failures.

3.7.3.2.4 Discharge Current

The battery discharge current shall be less than 18 amps average (during maximum science mode
2530W), or 30 amps peak.

3.7.3.2.5 Charge Current

The battery charge current range shall be OAmps to 23 Amps, in 65 steps (See Table VII), with a
trickle charge rate of 0.55 Amps.

3.7.3.2.6 Life and Cycle Life

Each battery shall be capable of withstanding a minimum of 27,500 chargeAischarge cycles
corresponding to five years of on-orbit operation plus an additional 500 cycles of ground testing.

3.7.3.2.7 Failure Tolerance

The battery assembly shall be tolerant of any failure, cell shorted or cell open.

3.7.3.3 Mechanical

The batte~ shall be designed to be
The design shall provide electrical

testable as a single assembly, mounted on its thermal baseplate.
isolation between cell housing and themlal baseplate.
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3.7.3.3.1 Pressure Factor of Safety

All pressurized components (e.g., batte~ cells) shall be designed in accordance with
MIL-STD-1 522A, Section 5, Approach A. Battery NiHz cell pressure vessels shall have general
factors of safety as:

a. Proof Pressure: 1.5 x Maximum Design Pressure (MDP)

b. Ultimate Pressure: 3.0 x Maximum Design Pressure (MDP)

3.7.4 Battery Power Conditioner Characteristics

The battery power conditioner (BPC) provides power conversion for battery charge and discharge
control functions. During periods of sunlight, the BPC acts as aPulse width modulated (PWM) buck
charge regulator, which converts regulated bus power (@V bus) to battery charge power (@ V bat).
During eclipse, the BPC acts as a PWM boost discharge regulator, which converts battery power (@
V bat) to regulated bus power (@ V bus). There is one internally redundant BPC per battery with
4-3 redundancy.

3.7.4.1 Function

Each BPC shall, as a minimum, contain the following functions or components:

a. Bi-directional charge/discharge

b. Ability to clear fuses

c. Telemetry to determine BPC status

d. Input/output connectors

e. Individual EPCS to supply power to BPC channel control circuits

f. Ground fault wire (’”green-wire”) for each individual channel connection to the PDU

3.7.4.2 Electrical

3.7.4.2.1 BPC Operating Modes

The BPC shall have four modes of operation, as determined by the mode controller in the PDU and
internal fault detection circuitry:

a. Discharge (boost), where batte~ power is converted to supply loads and regulate the bus
voltage.

b. Charge (buck), where bus power is converted to battery charge power at the battery
voltage and current for battery charging. The BPC shall be capable of charging the
battery at any of 65 commanded charge rates. In addition, the charge mode shall be
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commendable to utilize any one of the 17 voltageAemperature (V~) control limits for
overcharge protection (curve 4 shall be the default). Commands are provided, via the
BDU, and conditioned into the BPC command signals by circuits within the PDU.

c. Fault operation as per section 3.7.4.4 below.

3.7.4.2.2 Charge Mode Output Power

The BPC shall operate over the batte~ output voltage range of 50 Vdc – 90 Vdc and a battery input
current range of O– 23 Amps. The maximum battery charging pwer shall be 1800 W (with 3
channel operation). The nominal battery charge power is 950 W.

3.7.4.2.3 Discharge Mode Output Power

The BPC shall operate over a battery voltage range of 50 – 90 Vdc and an output current range of
0-15 Amps. The maximum BPC battery discharge power shall be 1800 W (3 channel operation)
for battery voltages between 65 – 90 Vdc and 1000 W (maximum) for battery voltages between
50-65 Vdc.

3.7.4.2.4 Efficiency

The BPC efilciency (defined as the ratio of output to total input power), in either charge or discharge
mode, shall be greater than:

a. 94% for battery voltages between 75 – 90 Vdc @ 1800W

b. 93% for battery voltages between 65 – 75 Vdc @ 1800W

c. 92% for battery voltages between 50-65 Vdc @ 10(MW

3.7.4.3 Redundancy

There shall be one BPC per battery. The 13PCshall consist of four separate power channels, utilizing
4-for-3 channel redundancy. In the event of a channel failure, the BPC channel gain shall be
adjustable to avoid “mismatched” loading between the batteries.

3.7.4.3.1 Command and Telemetry

The BPC shall provide commands as speciiled in Appendix I and telemetry as specified in
Appendix II.

3.7.4.4 Fault Operation

[1] Each BPC channel shall provide fault detection and correction (either degraded operation
or inhibit channel) for a minimum of

a. Overcuments in excess of 6 A charge and 16 A discharge

b. The failure to null PDU demand current and BPC input channel cument
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c. Overvoltages in excess of 132 Vdc

d. Channel overtemperature in excess of 115°C (TBR-2)

[2] Each channel shall accept a fault detection override input command which shall override all
failure detection and comection circuits, except overvoltage failure detection.

[3] 3 channels (minimum) operational at all times.

3.705 Sequential Shunt Unit Characteristics

The sequential shunt unit (SSU) shall regulate the solar array output voltage by means of a series
of shunt segments which operate sequentially from “full-off” to “full-on” as a function of
Spacecraft load variations. The shunt segment next in line to turn “full-on” is switched at a 200 kHz
rate by a PWM signal used for fme control. The solar may circuit isolation diodes are contained
in the SSU.

3.7.5.1 Function

The SSU shall contain the following functions or components, as a minimum:

a.

b.

c.

d.

e.

f.

3.7.5.2

3.7.5.2.1

Shunt excess solar array power to maintain bus regulation under control of the PDU
mode controller by using up to 28 shunt regulators

Isolation of solar array circuits from power bus with isolation dicxies

SAA command decoding

Teleme~ to determine SSU performance

120 Volt fused power to SAA DEU

Redundant EPCS to power SSU control circuits

Electrical

SSU Operating Modes

The SSU shall have three operating modes, as determined by the mode controller in the PDU and
internal fault detection circuitry:

a.

b.

c.

3.7.5.2.2

Transmit mode, where PDU control voltage demands no shunting

Shunt mode, where PDU control voltage demands partial to full shunting

Fault operation, where one or more shunts are controlled by internal protection circuitry
in order to limit the bus output voltage to 132 V.

Circuit Current

Solar array current is limited to O to 2.75 amps per array circuit (solar array circuit short-circuit
current @ BOL).
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3.7.5.2.3 Coarse Sun Sensor

The SSU shall provide connecting circuitry to the ACE of the coarse sun sensor signals.

3.7S.2.4 Command and Telemetry

[1] The SSU shall provide command capability and telemetry conditioning to/for the DEU and
internal heaters. The primary command decoder and telemetry encoder shall be directed to
primary DEU, heater, etc.; and backup command decoder and telemetry encoder shall be
directed to backup DEU, heater, etc.

[2] The SSU shall provide commands as specitled in Appendix I and telemetry as specified in
Appendix II.

3.7s.3 Redundancy

[1] The SSU shall accept and maintain redundant (2–for–3) shunt control inputs from the PDU
such that the loss of any one control input shall not result in the loss of SSU shunt control.

[2] Redundant command decoders, EPCS, and telemetry conditioners shall be utilized.

3.7.5.3.1 Fault Operation

[1] Under any single part failure condition each channel shall limit its output voltage to 132 volts
maximum.

[2] The failure of a redundant EPC within the SSU shall not cause an interruption of modes as
described in Section 3.7.5.2.1.

[3] The EPCS shall have overcument, overvoltage, overtemperature, secondary undervoltage,
and input undervoltage failure detection. All shall latch with the exception of input
undervoltage.

3.7.6 Power Distribution Unit Characteristics

The power distribution unit (PDU) contains the main bus filter capacitor bank, bus voltage error
amplifiers and mode controller, and the central ~wer distribution point. The PDU shall provide
control signals to the SSU to regulate the solar array voltage and shall provide control signals to the
battery power conditioners, BPCS, to control battery charge/discharge.

Redundant fuses and connectors provide distribution of the+ 120 Vdc bus to the Spacecraft loads
such that each load receives two independent fused lines from different PDU connectors. Only the
instrument loads and the HGA shall have relays to provide switching of power feeds, thus insuring
personnel safety during I&T. These normally closed relays shall be operated under zero amps
switching only (dry switching).

3.7.6.1 Function

The PDU assembly shall, as a minimum, provide the following functions or components:

a. Distribute 120Vdc power to the spacecraft

b. Generate independently buffered BPC and SSU control signals and BPC multi–phase
clcck
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c.

d.

e.

f.

&

h.

i.

j-

k.

1.

=

Provide fault protection to SSU and BPC inputs

Fault protection (and normally closed relays for HGA and instruments) for Spacecraft
loads

Battery Pressure Monitor (BPM) power

Selected batte~ telemetry conditioning

BPC and PDU command decoding, with hardware interlock to prevent more thart a
single BPC channel from being ground commanded off

Provide commands to BPC

Input and output connectors

Safe/Sumival mode for battery charging

External power bus interface to be used by GSE

Redundant EPCS to provide power to PDU control circuits

m. Monitoring for each of current instrument feed

n.

o.

P.

cl.

3.7.6.2

3.7.6.2.1

Monitoring of housekeeping load current

Monitoring of solar array load current

Monitoring of fault current

Provide ground programmable voltage reference

Electrical

PDU Operating Modes

The PDU (mode controller) shall have three modes of operation:

a.

b.

c.

3.7.6.2.2

Discharge mode, where battery power is converted to regulate the bus voltage and supply
the spacecraft load

Charge mode, where solar array power is converted by the BPCSto battery charge power
to maintain bus regulation.

Shunt mode, where the SSU is controlled to shunt excess solar array power and thus
regulate bus voltage and the BPC charge current is limited by commanded:

1. Charge rate

2. VT limit

Battery Current

[1] The PDU to BPC path shall be sized for 5.0 Amperes for each of the four channels.
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battery currents during battery
discharge to within W% e~or. This emor shall be defined as:

% error= ~batl - Ibat2) . ~~
(Iba~l+ Ibatz)

[3] Each BPC shall be capable of charging the associated battery at any of the 65 commanded
charge rates as shown in Table VII.

[4] The PDU shall condition the battery current (meter shunt located on battery) to provide 50A
full scale with an accuracy of i370 of full scale and 256 count resolution.

Table VII. Battery Charge Rates

No. Current (A) C Rate Accuracy

o 0 0

1 0.360 c/139

2 0.720 C169

3 1.080 c/46

4 1.440 C135

5 1.800 C/28

6 2.160 C/23

7 2.520 c/20

8 2.880 c/17

9 3.240 C/Is

10 3.600 C114

11 3.960 C/12.6

12 4.320 CJ1l.6

13 4.680 CI1O.7

14 5.040 C19.9

15 5.400 C19.3

16 5.760 C18.7

17 6.120 C18.2

18 6.480 cf7.7

19 6.840 cl-7.3

20 7.200 C/6.9

21 7.560 cf6.6

22 7.920 C/6.3

23 8.280 C16

24 8.640 C/5.8

25 9.000 C15.6
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Table VII. Battery Charge Rates (Continued)

No. Current (A) C Rate Accuracy

26 9.360 U5.3

27 9.720 U5.1

28 10.080 C15

29 10.440 C/4.8

30 10.800 C14.6

31 11.160 c/4.5

32 11.520 C14.3

33 11.880” C14.2*

34 12.240 U4.1

35 12.600 c/4

36 12.960 C13.9

37 13.320 Cf3.8

38 13.680 C13.7

39 14.040 C13.6

40 14.400 c/3.5

41 14.760 c/3.4

42 15.120 c/3.3

43 15.480 C13.2

44 15.840 C13.15

45 16.200 c/3.l

46 16.560 c/3

47 16.920 C12.95

48 17.280 C12.9

49 17.640 C12.8

50 18.000 C/2.75

51 18.360 C12.7

52 18.720 C12.65

53 19.080 C12.6

54 19.440 Cf2.55

55 19.800 C/2.5

56 20.160 C12.48

57 20.520 Ct2.45
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Table VII. Battery Charge Rates (Continued)

No. Current (A) C Rate Accuracy

58 20.880 CJ2.4

59 21.240 C12.35

60 21.600 CJ2.3

61 21.960 C/2.28

62 22.320 C12.24

63 22.680 CJ2.2

64 23.000 C12.17

* Safe Mode Values

3.7.6.2.3 Voltag~emperature Limiting

The charge mode shall be commendable to utilize any one of the 17 voltage/temperature (V/T)
control curves utilizing the V/T sense from its associated battery. The default curve shall be curve
number 4. The curves shall be defined in the battery performance speciilcation (PS20008746,
PS20008882). The V/T DISABLE command shall be equivalent to setting the VT limit to curve
O(Vb.~= 90 V @ –10”C).

3.7.6.2.4 Bus Voltage Range

The PDU, in conjunction with the BPCS and SSU, shall provide a nominal bus voltage range of
120 Vdc (nominal/default voltage reference set point) +4%, – 2% Vdc (2% voltage drop to user
loads) at the central distribution point, allocated as follows:

a. 117.6 -118.8 Vdc (170) for BPC discharge mode

b. 118.8 – 120 Vdc (1%) for BPC charge mode

c. 120 – 121.2 Vdc (1%) for BPC/SSU deadband

d. 121.2 -124.8 Vdc (3%) for SSU shunt mode

These ranges include tolerances for mode operating set points. The PDU shall provide for ground
commendable voltage reference set point capability: 120 Vdc (nominal/startup) and 118 Vdc
(offset) (TBR-1).

3.7.6.2.5 Array Input Current

The SSU to PDU current path shall be sized for 2.5 Amperes from each non–shunted solar amay
circuit.

3.7.6.2.6 Fused Outputs

The PDU shall provide redundantly fused outputs for subsystem loads and fused outputs to each
BPC and SSU channel. The integrit y of all parallel fuses, from the 120 V power bus, shall be testable
at box and spacecraft level.
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3.7.627 Fused Switched Outputs

The PDU shall provide switched, redundantly fused outputs for each instrument load and the HGA.

3.7.6.2.8 BPM Power Output

The PDU shall provide +29.5 Vdc i 5% (6 watts maximum) to each of the batteries to provide power
for 4 battery pressure monitors (BPM) on each battery.

3.7.6.2.9 Command and Telemetry

[1] The PDU shall condition battery voltage and current for EPS telemet~.

[2] The PDU shall provide commands as spectiled in Appendix I and telemetry as spectiled in
Appendix II.

3.7.6.2.10Redundancy

The command decoder shall be redundant and commendable such that both sides can be on
simultaneously. Nominal operation shall be with both PDU command decoders powered on and
operating. Not more than one command decoder shall be able to be powered off at any time.

3.7.6.2.11 Fault Operation

[1] The failure of a PDU command decoder shall not cause the battery current to exceed 125%
of normal maximum current.

[2] The failure and subsequent switchover of the redundant BPC multiphase clock shall not
cause an interruption in BPC charging or discharging.

[3] The failure of a redundant EPC shall not cause an interruption of modes as described in
Section 3.7.6.2.1.

3.7.7 Fuse and Distribution Box Assembly Characteristics

3.7.7.1 Function

The Fuse and Distribution Box (FDB) assembly is the local +120 Vdc power distribution and
protection point at the instrument and subsystem locations. It will consist of connectors and two fuse
boards designed to distribute fused primary and back-up+120 Vdc to the subsystem hardware, BDU
and associated EPC (if present) at a given location. The fuse size shall be based upon the normal
peak operating cunent for each spacecraft load. The minimum fuse size shall be 0.5A.

3.7.7.2 Electrical

3.7.7.2.1Maximum Fault Current

The FDB shall operate within specification with a maximum fault clearing current of 250 Amps for
< 10 microseconds.
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3.7.8 Array Drive Electronics (ADE) Characteristics

3.7.8.1 Function

The ADE provides control signals and power to the Solar Array Drive (SAD). The ADE shall
provide for the following commendable drives in either direction:

a. l,2and3co rates

b. Rate adjustment capability of

1. *4.1% in 0.032% increments during on-orbit operations

2. *8.2% in 0.032% increments during transfer orbit operations

c. stop

where o = 1.059 mRad/sec

3.7.8.2 Electrical

3.7.8.2.1 Normal Operation

The ADE shall receive rate and direction commands from the BDU and generate the required SAD
motor drive signals.

3.7.8.2.2 Safe Mode - Earth Pointing

The ADE shall, when commanded to safe mode earth pointing, generate SAD motor commands to
point the solar array towards the sun based on coarse sun sensor (CSS) data.

3.7.8.2.3 Safe Mode - Sun Pointing

The ADE shall, when commanded to safe mode sun pointing, drive the array to the index position.

3.7.8.2.4 Safe Mode - Open Loop

The ADE shall, when commanded by ground to override safe mode circuits, operate in safe mode
open loop by accepting SAD motor commands to rotate the solar array at a fixed rate.

3.7.8.3 Redundancy

The ADE shall provide internal redundancy as needed to meet reliability requirement in
Section 3.7.1.

3.7.9 Flight Software Characteristics

This section specifies the software requirements for the Power Monitor and Control Software
(PMCS). This portion of the EOS-AM Spacecraft flight software supports the electrical power
subsystem.

[1] Ground command and on-board computer control of the Elecuical Power Subsystem (EPS)
elements shall be provided through the Command and Data Handling (C&DH) subsystem.
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[2]

[3]

[4)

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

%

Monitoring of the El% parameters shall be done through telemetry.

The PMCS shall reside in the SCC computer.

ThePMCS shall provide autonomous control of EPS charge management and load shedding.

The PMCS shall determine the day/night transitions and durations based on solar array ISC
telemeuy.

The PMCS shall perform am~minute integration on each of the two batteries during the
discharge and charge periods to calculate the actual energy removed and returned to the
battery.

The PMCS shall determine the actual battery charge-to-discharge (C/D) ratio.

The PMCS shall determine the theoretical energy return to the batteries.

The PMCS shall determine the actual state of charge of the batteries.

The PMCS shall determine the battery state of charge based on battery pressures.

When the actual C/D ratio equals the desired C/D ratio, battery charging shall be switched
from a voltage/temperature (V/T) limited commanded constant charge rate to a trickle
charge constant current rate for the balance of the sunlight period.

The PMCS shall determine the required battery charge rate (during variable charge
operations) as a function of the battery DOD, the desired C/D ratio and approximately 5
minutes of trickle charge.

If the battery does not trickle chmge during the last five minutes of the sunlight period, an
error message will be sent to the ground via telemetry.

The PMCS shall determine the housekeeping, each individual instrument and the total load
demand.

The PMCS shall perform automatic load shedding based on a pre-defined load profde
schedule in the event of failure or excessive overload that exceeds the maximum allowable
batte~ depth of discharge.

The PMCS shall determine the health of the solar may by calculating the “actual” solar array
current as a function of Isc, number of shunts and total solar array load cument.

The PMCS shall provide alests via telemetry to indicate off-normal operation of the EPS.

The PMSC shall provide for either variable charge rate (calculated) or fixed charge rate
(commanded) control of each battery.

The PMCS default charge control shall be variable rate.

The PMCS shall provide telemetry collection/conversion, grouping and comparison
functions.
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4 QUALITY ASSURANCE PROVISIONS

This section will outline the requirements and structure of a quality assurance progmm for the
Electrical Power Subsystem (EPS). The purpose of the program is to demonstrate that the design
of the EPS and its components meet the performance requirements, has been manufactured properly,
and will operate as designed in association with all other Spacecraft interfaces. These tasks will be
accomplished by conducting inspections, performing analyses, testing ardor performing functional
demonstrations of the EPS hardware. Tests shall include mechanical and electrical functions in
appropriate simulated environments that will verify expected component requirements for handling
and transportation, subsystem integration, ground test, launch, acquisition, and on-orbit operations
previously described in Paragraph 3.2.2.

The EPS design shall be reviewed with the support of the Spacecraft Flight Assurance Review
Program defined in the PAIP, Section 2, Assurance Review Requirements. Additional internal
reviews at the skill center level shall include technical progress and problem resolution, cost and
schedule, and subsystem and component preliminary and critical design reviews.
Subcontractor/vendor design and development activities are included in the EPS quality assurance
program.

The basis for the EPS verification program implementation is the Spacecraft Verit3cationPlan (VP),
PN20005404, the Spacecraft Verification Specification (VS), PS20005404, and the Spacecraft
Comprehensive Test Plan (CTP), PN20008664. The EPS ver~lcation program includes an
engineering development effort designed to validate the appropriateness of the hardware design
approach. Development includes the building and testing of component breadboards and
engineering test models (ElWI) of selected designs to verify circuit development, function
evaluation, stability studies and interface pexforrnance. Development will not constitute
verification, although data from development tests will be used to support verification activities.

An EPS breadboard, assembled from the component breadboards, will provide the basis for
interface verification, stability and transient analysis, redundancy functionality and design
verification. ETMs will be used to confkm electrical, packaging and manufacturing concepts while
Iiinited environmental exposure will be used to confirm worst-case performance capabilities. A
summary of the EPS development plan is presented in Table VIII.

4.1 EPS Verification

Each requirement of Section 3.2 and 3.3 of this specification shall be veriilable. Verii7cation shall
be consistent with the verification mauix of Section 4.1 of the VP PN20005404, as it applies to the
EPS.

The vetilcation mauix for the EPS, shown in Attachment A supplied under separate cover, defines
the applicable EPS requirement paragraph number, the specific requirement (with a paragraph
reference to the CEI spec~lcation referenced in the W vetilcation matrix), method of vertilcation
(discussed below), verification classification and a brief description of the verification method.

4.1.1 Verification Phases

Phases shall be either Acceptance or Qualification as defined in PS2005404.
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4.1.2 Verification Methods

The following methods shall be used as appropriate to verify each of the requirements in Section 3.2
and 3.3: Demonstration, Test, Analysis, ador Inspection. Each method shall be as defined in
PS20005404.

4.1.3 Responsibility for Verification

In general, the responsibility for verification of each requirement spectiled in Sections 3.2 and 3.3
is that of Astro Space. Speci.tlcally the EPS subsystem engineers, component designers and
subcontract support engineers shall assume direct responsibility. Each EPS component engineer
shall develop a verification plan that supports the EPS plan.

4.1.4 Verification Conditions

Each EPS component shall be exposed to veritlcation conditions which represent those
environments encountered throughout the ground phase and flight mission. The environmental
conditions and levels of exposure are defined in the VS, PS20005404, Section 4.

4.2 Testing

4.2.1 Reliability Testing

Reliability veriilcation shall forma major paxtof the EPS verification program. Requirements and
responsibility for reliability vefilcation are found in Section 7, Design Assurance and Reliability
Plan, of the PAIP, PN20005397. EPS component designers have primary responsibility for
conducting Parts and Devices Stress Analysis (PAIP,7.2.2.5), Worst-Case Analysis (PAIP,7.2.2.6)
and Trend Anal ysis (PAIP,7.2.2.7). Secondary respmsibility as defined in PAIP,Section 7, includes
but is not limited to Failure Mode and Effects Analysis (PAW, 7.2.2.2), Reliability Assessment
(PAIP,7.2.2.4) and identification of limited life items (PAIP,7.2.2.8). All test data is to be collected,
documented and used in suppofi of the EPS reliability analysis conducted by Reliability
Engineering. All testing shall be performed within the guidelines of the System Safety Plan outlined
in Section 4 of the PAIR PN20005 397.

4.2.2 Engineering Evaluation and Test Requirements

4.2.2.1 Test Flows

Detailed test flows shall be generated for each EPS component. The test flows shall include the
breadboard, ETM, or QTM processes as well as follow-on protoflightiflight verification flow. Tests
shall be identified in the test flow with traceability to the particular requirement being veriiled in
Section 3.2 and 3.3 of the applicable performance specflcation. Figure 14 is a typical component
verification flow diagram which shall be used as a basis to develop detailed component verification
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Breadboard,ETM,QTMFab Board& Sub-ASSy. ComponentAssembly
ricationandTestFlow Tests

(whereapplicable) (where applicable)

7

Functional Test, Setup & Comprehensive Per-
EMC Test

Button up fonnance Test
(qualification, accept

PN20005868 section 3.0)

Strength Test (structural Random Vibration Functional Test
elements on]y)

Thermal Cycle m

H

Comprehensive

H

Mass Properties
Thermal Vacuum Performance Test h

Figure 14.

flow diagrams. The thermal cycle
overall verification flow diagram is shown in Figure 15. A detailed verification flow is presented
in drawing 20001425, EOS–AM EPS Detailed Verification Flow Diagram.

Delivery to I&T

~pical Component Verification Flow

or thermal vacuum test shall contain a cold stat test. The EPS

4.2.2.2 Performance Tests

The EPS, its components, and all breadboards, where applicable, shall be subjected to the electrical
performance tests defined in the Verification SpecKlcation, VS. Performance tests include
Electrical Interface Tests, (or sometimes referred to as Interface Verification Test (IVT)),
Comprehensive Performance Test (CPT), Limited Performance Test (LPT), and Limited Life
Electrical Elements. These tests and their applicability in the ver~lcation plan are at the discretion
of the test designer as defined in the VS.

The EPS has two elements which are considered limited life, i.e., solar cell blanket assembly and
battery cell. These two components shall have life test programs defined and executed to verify
performance capability to the EPS and Spacecraft mission requirements. Formal life test programs
shall be developed, reviewed and implemented, upon approval, in a timely manner consistent with
the EPS program schedule.

4.2.2.3 Verification Tests

Each EPS Component shall be subjected to the verification tests defined in VS, PS20005404,
Section 4. Performance tests, as defined above in 4.2.2.2, shall be performed during verification
tests to demonstrate functionality during a flight environment.
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Fhmre 15. EPS Overall Verification Flow Diapram
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4.23 Acceptance Testing

Acceptance testing shall be petionned an all flight components to verify workmanship and
functionality. The acceptance test levels are defined in VS, 20005404, Section 4.

4.2.4 Qualification Testing

Qualification testing of QT’Mand Protoflight components shall be used to demonstrate adequacy of
design limits. The qualification test levels are defined in VS 20005404, Figure 1, Comparison of
Thermal Test Levels and Figure 2, Comparison of Vibro-acoustic Test Levels and Durations. The
delta values shown in these figures are to be applied to the acceptance levels defined in VS Section 4.

4.2.5 Installation Testing, and Checkout

The performance test, Electrical Interface Tests, defined in the VS and referenced above in
Section 4.2.2.2 will be implemented to verify that all interface signals are within acceptable limits
or applicable performance specifications prior to integration of an assembly or a component into the
next higher level. This is particularly applicable when integrating component breadboards into the
EPS breadboard and before power application.

4.3 Special EPS Verifications

A special test of the EPS breadboard shall be conducted to verify electrical concepts and attainment
of initial operating conditions, i.e., charge rate, and regulation stability. Additionally, special battery
cell characterization test shall be conducted to establish or verify performance parameters within the
required operating limits. These parameters shall include:

a. Charge efficiency

b. Current-voltage characteristics as a function of temperature, and state of charge

c. Ampere-hour capacity versus tempemture

All test data shall be accumulated and summarized in a final technical report prior to the EPS CDR.

Any EPS units identified on the limited-life or critical items lists shall be tested in accordance with
Verification Plan, PN20005404.

Any implementation of majority voting, for redundancy, shall be verifiable at the box and spacecraft
levels of testing.

4.4 Test Equipment

[1] Existing test equipment shall be used wherever practical.

[2] Where new test equipment is required to test units which are physically or functionally
identical or similar, the equipment shall be designed to perform its task(s) on each element
of that group, where practical.
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4.4.1 Test Equipment Safety Features

[1] Test equipment shall incorporate any safety interlocks or other safety features necessary to
reduce the introduction of safety hazards by the test equipment.

[2] Any safety feature included in any Spacecraft test equipment shall give a visual, auditory,
or electronic indication of activation when it is activated.

4.4.2 Test Equipment Verification

Unless otherwise specified herein, test equipment used to measure EPS performance characteristics
shall be capable of demonstrating that:

a. it will not impose environments on the tested item(s) beyond the levels called for in the
Verification Specitlcation, PS20005404, and

b. it is capable of imposing the test levels called for in the Veri.flcation Specification,
PS20005404.

4.4.3 Test Equipment Calibration

Test equipment shall be calibrated in accordance with GSFC 420-05-02.

4.5 Verification Documentation

The subsystem verification activities shall be documented in:

a. Veriilcation Reports as defined in PS20005404

b. Test procedures

c. Test logs

d. Test Review Board meeting minutes

e. Analysis Reports

f. Failure Analysis
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5 PREPARATION FOR DELIVERY

The Electrical Power Subsystem equipments shall be handled, packaged, and transported in
accordance with the requirements given in Astro Space PMP, 20005397, Section 8.2.1.
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6 NOTES

6.1 Definitions

6.2 Acronyms and Abbreviations

ACE

ADE

ASTER

BAT

BDU

BEP

BOL

BPC

BPM

c

Cnl

C&DH

CEI

CERES

CMD

COMM

CSCI

CSM

Css

DAS

dc

DET

DEU

DOD

EAS

ELV

EM

Attitude Control Electronics

Array Drive Electronics

Advanced Spaceborne Thermal Emission and Reflection Radiometer

Battety Assembly

Bus Data Unit

Battery Enable Plug

Beginning of Life

Battery Power Conditioner

Battery Pressure Monitor

Celsius (degrees)

Charge/Discharge

Command and Data Handling

Contract End Item

Clouds & the Earth’s Radiant Energy System

Command

Comrnunicatlon Subsystem

Computer Software Configuration Item

Computer Status Monitor

Coarse Sun Sensor

Direct Access System

direct current

Direct Energy Transfer

Deployment Electronics Unit

Depth of Discharge

Electrical Accommodations Subsystem

Expendable Launch Vehicle

Equipment M(xiule
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EMC

EMI

EPC

EOL

EPS

ESD

ESE

FDB

FOV

FS

FSE

FSSE

g

GFE

GN&C

GSE

HCE

HCM

HGA

HW

Hz

I&T

ICD

I/o

kHz

LV

MISR

MODIS

MOP

MOPITT

MS

NA

DCC062693

Electromagnetic Compatibility

Electromagnetic Interference

Electrical Power Conditioner

End of Life

Electrical Power System

Electrostatic Dischatge

Earth Sensor Electronics

Fuse & Distribution Board

Field of View

Factor of Safety

Flight Support Equipment

Fine Sun Sensor Electronics

Acceleration of Gravity

Government Furnished Equipment

Guidance, Navigation, and Control

Ground Support Equipment

Heater Control Electronics

Heater Control Module

High Gain Antenna

Hardware

Hertz

Integration and Test

Interface Control Document

Input/Output

Kilohertz

Launch Vehicle

Multi-angle Imaging Spectroradiometer

Moderate Resolution Imaging Spectroradiometer

Maximum Operating Pressure

Measurements of Pollution in the Troposphere

Margin of Safety

Not Applicable
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NASA

nc

NC

PDU

PM

PMAD

Pm

PPR

PRA

PMCS

PROP

P,

Psu

Pv

PWM

R-DET

RTN

RWA

SIA

SAA

SAD

SAES

SAPS

Scc

SPA

SPG

Ssu

Sw

TBD

TBR

TBS

TCS

=

National Aeronautics and Space Administration

nodal crossing

Normally Closed

Power Distribution Unit

Power Module

Power Management and Distribution

Propulsion Module Electronics

Prime Power Return

Pyrotechnic Relay Assembly

Power Monitoring and Control Software

Propulsion System

Probability of Success

Power Switching Unit

Photovoltaic

Pulse Width Modulation

Regulated–Direct Energy Transfer

Return

Reaction Wheel Assembly

Solar Array

Solar Array Assembly

Solar Array Drive

Solar Array Electrical Simulator

Solar Array Position Sensor

Spacecraft Controls Computer

Solar Panel Assembly

Single point Ground

Sequential Shunt Unit

Software

To Be Determined

To Be Resolved

To Be Supplied

Thermal Control System
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TLM Telemetry

TR Tape Recorder

Vdc Volts Direct Current

Vfr Voltage / Temperature

6.3 Exceptions to the GIS and GUS

None.

6.4 Requirements Traceability Matrix

Requirements in Section 3 of this specification were derived from the source documents shown in
the Requirements Traceability Matrix, Attachment B, supplied under separate cover.
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APPENDIX I

10 EPS COMMAND LIST

Item/Operation Com- punction
pen.

Batteu COMMANDS

=

QtY Interface

1 relay driver

Type

Pyro bus #1 enable BAT–1 enable

Pyro bus #1 disable BAT-1 disable

Pyro bus #2 enable BAT-2 enable

Pyro bus #2 disable BAT-2 disable

relay

relay

relay

relay

PDUCOMMANDS

CSM Inhibit PDU inhibit logic pulse

CSM Enable PDU enable

Safe Mcde On PDU on

logic pulse

logic pulse

logic pulse

16-Bit

I

Safe Mcde Off PDU off

Batt #1 select Pri. chg rate m of 65 BPC-1 select

Batt #1 select Bu chg rate m of 65 j BPC-1 select 16-Bit

Batt #l select Pri VtT limit k of 17 I BPC-1 I seleet 16-Bit 1 I serial bus
, ,

Batt #l select Bu V/T limit k of 17 I BPC-1 select 1&Bit

Batt #2 select Pri. chg rate m of 65 BPC-1 select

Batt #2 select Bu chg rate m of 65 BPC-1 select

1&Bit

l&Bit

Batt #2 select Pri V~ limit k of 17 BPC-1 seleet

Batt #2 select Bu V/T limit k of 17 BPC-1 select

16-Bit

16-Bit

logic level

logic level

1 serial bus

‘1 relay contactBPC #1 enable channel A* BPC-1 enable

BPC #l enable channel B* BPC-1 enable ~1 Irelay contact

BPC # 1enable channel C* BPC-1 enable logic level 1 relay contact

BPC #l enable channel D* BPC-1 enable logic level 1 relay contact

=m=lBPC #l disable channel A* I BPC-1

BPC # 1disable channel B* I BPC-1 relay contact I

BPC #1 disable channel C* I BPC-I disable logic level 1

disable logic level 1

relay contact I

BPC #1 disable channel D* I BPC-1 relay contact I
BPC # 1trans normal I BPC–I =9%--l+ relay driver I

BPC # 1trans increase I BPC-I ~relay driver II

BPC clink PRI IPDU Irelay driver I
BPC clock BU / PDU Irelay driver I

Irelay contact ]BPC #2 enable channel A* I BPC-I
1

BPC #2 enable channel B* BPC-1 enable logic level 1 relay contact

BPC #2 enable channel C* BPC-I enable ]ogic level 1 relay contact
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I Item/Operation I Com- 1 Function I VP 7pen.

BPC #2 enable channel D* BPC-1 enable logic level

BPC #2 disable channel A* BPC-1 disable logic level

1 relay contact I
1 relay contact I

BPC #2 disable channel B* BPC-1 disable logic level

BPC #2 disable channel C* BPC–1 disable logic level

1 relay contact I

1 relay contact I

BPC #2 disable channel D* BPC–1 disable logic level

BPC #2 trans nmnal BPC-2 normal relay

1 relay contact I

relay driver I

BPC #2 trans increase BPC–2 increase relay

MODIS feed A on (offl PDU On/off day

MODIS feed Bon (off) I PDU I On/off relay relay driver I
1 I 1

CERES fore feed A on (offl I PDU I Ordoff Irelay relay driver I
CERES fore feed Bon (off) PDU Odoff relay

CERES aft feed A on (off) PDU Odoff relay

relay driver I

relay driver I

CERES aft feed B on (off) I PDU Iotioff Irelay 2 relay driver I
I I 1

ASTER 1 feed A on (off) IPDU Otioff relay relay driver I, n

ASTER 1 feed A on (off) I PDU I otl/off I relay relay driver I
ASTER 2 feed B on (off) I PDU I on/off Ixelay relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

relay driver

1 , ,

ASTER 2 feed B on (off) I PDU I On/off Irelay

MOPITf’ feed A on (of~ PDU On/off relay

MOPI1’T feed B on (off) PDU Ordoff relay

MISR feed A on (offl PDU Odoff relay

MISR feed Bon (off) PDU orl/off relay

HGA feed A on (off) I PDU Ion/off Irelay
1 I I

HGA feed B on (off) I PDU ] On/off relay

CMD decoder A on I PDU I Aon relay 1
r I 1

CMD dectier A off I PDU I Aoff relay 1
, ,

CMD decoder B on I PDU I Bon I relay 1

CMD decoder B off I PDU I Boff Irelay 1

PRI voltage ref. offset enable PDU set volt ref. relay
tol18V

1

1

PRI voltage ref. offset disable PDU set volt ref. relay
to120v

1

J 1 1

BU voltage ref. offset enable I PDU I set volt ref. Irelay 1
[0118V

BU voltage ref. offset disable PDU set volt ref. relay
to120v

1

ADECOMMANDS II I
n , ,

ADEAon/B off j ADE I A on/B off I relay

ADEBon/ Aoff I ADE I B on/A off I relay 1
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‘VP QtY Interface
1

Item/Operation com-
pon.

ADE A off ADE

ADE B off ADE

I Function
I

I relay 1 relay driver

Irelay 1 relay driver

relay 4 relay driver

A off

I B off

ADE safe hold select IADE sunpoint-
ingkztrth
pointing , 1

day II relay driver iADE safe hold 1 on ADE

ADE safe hold 2 on ADE

‘on

relay 1 relay driver

relay 1 relay driver

relay 1 relay driver

on

ADE safe hold 1 off IADE off

ADE safe hold 2 off ADE

Side A motor on ADE

off

select day 1 relay driver

relay 1 relay driverSide A motor off ADE

Side B momr on ADE

select

select relay 1 relay driver

relay 1 relay driverSide B motor off ADE

ADE A safe mode enab ADE

select

16-bit 1 serial bus

16-bit 1 serial bus

16-bit 1 serial bus

1&bit 1 serial bus

enable

ADE B safe mode enab ADE

ADE A normal mode execute ADE

enable

select

ADE B normal mode execute ADE

ADE A safe mode execute ADE

select

16-bit ]1 I serial bus Iexecute

ADE B safe mode execute ADE

ADE A direction FWD (REV) ADE

execute 1&bit 1 serial bus

16-bit 2 serial busselect

ADE B direction FWD (REV) ADE

ADE A rate (O, 1,2,3 w) ADE

select 16-bit 2 serial bus

16-bit 4 serial busselect

ADE B rate (O, 1.2,3 u) IADE select 1&bit 4 serial bus

16-Bit 256 seriaJ busADE A rate adjustment ] ADE select

ADE B rate adjustment ~ADE 16-B]L 256 serial bus

16-bit 1 serial bus

select

select
1

16-bit 1 serial busdeselect

, ,
relay [2 relay driver 1enabldisab

DEU B enable/disable Ssu

/Ssu

enabld isab relay 2 relay driver

relay 2 relay driverSelect blanket box motor select

Select mast motor Ssu

Ssu

select relay 2 relay driver

relay 2 relay dr]verselect

select

select

select

override

Mcxor forward

Motor reverse Ssu

Motor start Ssu

SsuMotor stop

End of der)loym ‘nt limit swi~ch override Ssu :relay 12 Irelav driver !
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I ItendOperation I Com-
1 I pm.

m

End of deployment limit switch normal I Ssu

Pri HCE disable I Ssu

Bu HCE enable Ssu

Bu HCE disable Ssu

BPC COMMANDS

BPC #1 ch A failure demctor Overnde BPC

BPC #1 ch B failure detector override BPC

BPC #l ch C failure detector ovemide BPC

BPC #1 ch D failure detector override BPC

BPC #2 ch A failure detectw override BPC

BPC #2 ch B failure detector ovemide BPC

BPC #2 ch C failure detector override BPC

BPC #2 ch D failure detector override ‘- I BF@

~
Function I ‘b’P

normal rtlay

override relay

normal relay

enable relay

disemble IElay

==4=
override I logic pulse

-

Overnde I logic pulse

Overnde I logic pulse

override I logic pulse

override I logic pulse

override I logic pulse

Q&
I

Interface

,
1 I digital RS422

i
1 [ digit@ RS422

,
1 Idigital RS422

1 I digital RS422
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APPENDIX II

20 EPS TELEMETRY LIST

TLM ItemName IOrig IRange IUP r-l
1 ,

BATTERYTELEMETRY I I I I I I
Bat 1 Tempemture AJ3,C,D&F BAT-1 -1 5/+50 Deg.c

=

Analog 6 8

Bat 2 Temperature AJ3,CQE,F BAT-2 -1 5/+50 Deg.c Analog 6 8

Battexy 1Pyro Bus enablddisable IBAT I 0/1 I status i~
~Batten 2 Pyro Bus enableldisable IBAT I 0/1 Istatus 11 11 I

Bat 1 Pressure #AJ3,C,D BAT-1 &1600 PSI

Bat 2 Pressure #A,B,C,D BAT-2 &1600 PSI z: :+

SSUTELEMETRY

SSU Temp Ssu -15/+55 Deg c

4

Analog 28

EPC Current Ssu O-O.5A Analog 28

EPC Temp Ssu -1 5/+55 Deg c

HCE Status Ssu 1/0 2 w

HCE Cross-couple Status Ssu 1/0 status

SSU Shunt Status Ssu W28 Serial ‘*

SSU Control Voltage Ssu &lov Analog

SAA lsc n Curr (n = 2) Ssu O-1.OA Analog ‘‘M

SAA Vcxn Volts (n= 2) Ssu 0-2.0 v

SAA Isc n Temp (n = 2) Ssu -1 15/+looOc = ‘H-i

SAA WC n Temp (n = 2) Ssu -1 15/+looOc

:~-

Analog 2 8

SAA Mast Motor Temp Ssu -25/+70°C Analog 2 8

SAA Mast Rate of Deploy Ssu o-5 v Analog 2 8

SAA Blanket Box Sep. sense Ssu 1/0 status

SAA end of deploy sense Ssu 1/0 status *

SAA Elevation Hinge Position Ssu &s v

SAA Elevation Hinge latched Ssu 1/0 z w

DEU 1(2) converter output i Ssu 10-5V lAnalog 12 11 I
1 1 I

Motor Direction Status I Ssu ]@5v I status Im,
Select Blanket Box Separation Motor Status I Ssu 10-5V I status II 11 I

1 1 1

Select Mast Deployment Maor Status I Ssu [CL5V I status b-r-i
End of Deployment Limit Switch Override Ssu o-5 v status 1 1
Status

Mast Maor Inhibit Overnde Slatus Ssu &5 v status 1 1

ADETELEMETRY

ADE position ADE 010360 Analog ‘2 8
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TLM ItemName Ong Range ‘Dw Qty Bits

ADE Temperature A, B ADE -25 to +50 C Analog 2 8

ADE Side A On/off Status ADE 1/0 status 1 1

ADE Side B On/Off Status ADE 1/0 Status 1 1

ADE Side A motor On/off ADE Ordoff Serial 1 1

ADE Side B macr odoff ADE Ollloff Serial 1 1

ADE side A S/A deployed ADE 1/0 Serial 1 1

ADE side B SIA deployed ADE 1/0 Serial 1 1

ADE side A SIA deployed override ADE 1/0 Serial 1 1

ADE side B S/A deployed override ADE 1/0 Serial 1 1

ADE Side A rate (0,1,2,3,(I)) ADE 0,1,2,3 Serial 1 2

ADE Side B rate (0,1,2,3,to) ADE 0,1,2,3 Serial 1 2

ADE Side A Direction (FwcURev)RG ADE Fwd/Rev Serial 1 1

ADE B Direction (FwcYRev)Actual ADE FwdfRev Serial 1 1

ADE Side B Direction (Fwd/Rev) RG ADE Fwd/Rev Serial 1 1

ADE Side B Direction (Fwd/Rev) Actual ADE FwdlRev Serial 1 1

ADE Side A me adjustment ADE -4.1 %/+4.1% Serial 1 !3

ADE Side B rate adjustment ADE -4.1 90/+4.1% Serial 1 9

ADE Safe Hold 1 ordoff ADE on/off Serial 1 1

ADE Safe Hold 2 onloff ADE or-doff Serial 1 1

ADE Safe Hold 1 SA a~Index ADE indetinci Serial 1 1

ADE Safe Hold 2 SA at Index ADE index.hmt Serial 1 1

ADE S/H 1 Mcx3eExecute ADE executehormal Serial 1 1

ADE S/H 2 Mode Execute ADE executehornd Serial 1 1

ADE Safe Hold 1 Mqie Enable ADE enable/disable Serial 1 1

ADE 5afe Hold 2 Mode Enable ADE enableJdisable Serial 1 1

ADE Safe Hold 1 Mode Select ADE select Serial 1 1

ADE Safe Hold 2 Mcde Select ADE select Serial 1 1

ADE Safe Hold 1 Rate ADE 0,1.2.3 Serial 1 2

ADE Safe Hold 2 Rate ADE 0,1,2,3 Serial 1 2

ADE ACE Safe Hold 1 Indicator ADE Otioff Serial 1 1

ADE ACE Safe Hold 2 Indicator ADE Ordoff Serial 1 1

BPCTELEMETRY

BPC #1 Temperature A.B,C,D BPC-1 -25/60 Deg C Analog 4 8

BPC #2 Temperature A.B,CJ3 BPC-2 -25/60 Deg C Analog 4 8

BPC #1 Status A,B,C,D BPC- 1 1/0 Discrete 4 1

BPC #2 Status A,B,C.D BPC–2 1/0 Discrete 4 1

BPC #1 Fail Status A. B.C,D BPC- 1 110 Discrete 4 1
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BPC #2 Fail Status A,B,C~ BPC-2 1/0 Discrete 4 1

BPC #1 Override Status A,B,C,D BPC-1 1/0 Discrete 4 1

BPC #2 Override Status A,B,C,D BPC-2 1/0 Discrete 4 1

BPC #l Channel Current AS,C,D BPC-1 &5 v Analog 4 8

BPC #2 Channel Cument A,B,C,D BPC-2 o-5 v Analog 4 8

PDUTELEMETRY

PDU temperatures PDU -25/60 deg. C Analog 2 8

PDU Pri EPC Current PDU o-5 v Analog 1 8

PDU Bu EPC Cun_ent PDU o-5 v Analog 1 8

PDU Pri EPC Temp PDU -25/60 Deg C Analog 1 8

PDU Bu EPC Temp PDU -25/60 Deg C Analog 1 8

PDU CMD decoder A status PDU AonfAoff status 1 1

PDU CMD deccder B status PDU Bon/BOff Status 1 1

Bus Voltage Full Range PDU 0-135 v Analog 2 8

Bus Voltage, Expanded Range PDU 120v+/-6% Analog 2 8

SA Load Current PDU O-60A Analog 2 8

BPC-1 Current PDU -15–15.OA Analog 2 8

BPC-2 Current PDU -15- 15.OA Analog 2 8

Bat 1 Charge Current BAT–I O–25A Analog 1 8

Bat 2 Charge Currem BAT–2 O-25A Analog 1 8

Bat 1 Discharge Current PDU O-40A Analog 1 8

Bat 2 Discharge Current PDU O–40A Analog 1 8

Housekeeping Load Current PDU 0-20 A Analog 1 8

MODIS feed A status PDU On/off status 1 1

MODIS feed B status PDU Odoff status 1 1

CERES fore feed A status PDU Odoff Status 1 1

CERES fore feed B status PDU Odoff slatus 1 1

CERES aft feed A status PDU Odoff status 1 1

CERES aft fed B stares PDU Orl)off status 1 1

ASTER 1 feed A status PDU on/off Status 1 1

ASTER 1feed B status PDU Odoff status 1 1

ASTER 2 feedA status PDU Odoff status 1 1

ASTER 2 feed B status PDU orl/off status 1 1

MOPITT feed A status PDU Odoff status 1 1

MOPIIT feed B status PDU on/off status 1 1

MISR feed A status PDU Odoff Status 1 1

MISR feed B status PDU Otioff status 1 1
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1 1 ,

HGA Feed B status IPDU IOn/off I status II 11

PRI Voltage ref. relay status PDU enableldisable status 1 1

BU Voltage ref. relay status PDU enable/disable status 1 1
1 1 1 ,

MODIS feed A Current IPDU IO-1OA IAnalog I 1 IS
I 1 I I 1

MODIS feed B Current IPDU IO-1OA Ihalog 11 18

I CERES fore feed A Current IPDU IW1OA jhdo~ 11 18
I 1 , , ,

CERES fore feed B Current IPDU I(L1OA IAnalog I 1 18

CERES aft feed A Current IPDU l&lOA IAnalog l] 18
1 1 1 1 ,

CERES aft feed B Current IPDU IO-1OA IAnalog I 1 18
1 I I I I

ASTER 1 feed A Current IPDU 10-IOA [Analog 11 18
1 1 1 1 ,

ASTER 1 feed B Current IPDU IO-1OA lAnalog 11 18
,

ASTER 2 feed A Cument IPDU [O-1OA [Analog 11 18
1 1 1 I 1

ASTER 2 feed B Current IPDU IO-1OA IAnalog II 18
, m

MOPITT feed A Current IPDU IO-1OA IAnalog 11 18

I MOPITT feed B Current IPDU IO-1OA lAnalog 11 18
I # 1 1 ,

MISR feed A Current IPDU l&lOA IAnalog 11 18

MISR feed B Curttnt PDU O-1OA Analog 1 8

Bat 1 Chg Rate Selected PDU O-5V Analog 2 8

Bat 2 Chg Rate Selected PDU O-5V Analog 2 8

Bat 1 V/T Curve Selected PDU O-5V Analog 2 8

Bat 2 V/T Curve Selected PDU O-5V Analog 2“ 8

Battery 1 Voltage BAT Oto +89.6 V Analog 2 8

Battery I Voltage, Expanded Range I BAT 151.6 [0+90. V IAnalog 12 18
1 # I

Batteg 2 Voltage BAT Oto +89.6 V Analog 2 8

BatLery2 Voltage, Expanded Range BAT 51.6 to +90. V Analog 2 8

Battery 1 1/2 Voltage BAT 25.8 to +45 V Analog 2 8

Batten 2 1/2 Voltage BAT 25.8 to +45 V Analojz 2 8

Battery 1 Pyro Bus voltage BAT 22 to 34.8 V Analog 2 8

Battery 2 Pyro Bus voltage BAT 22 to 34.8 V Analog 2 8
, ,

Batte~ 1 Cell voltage AJ3,C,D ] BAT [otol.79v IAnalog 18 18

Battery 2 Cell voltage A,B,C,D BAT otol.79v Analog 8 8

BPC 1 Transconduclance Status PDU Norrn/incr status 1 1

BPC 2 Transconductance Status PDU Norrn/incr Status 1 1

Ground Fault Currem PDU (L1OA Analog 1 8

CSM Enable/Inhibit A Status PDU EnabltYlnhibit Status 1 1

CSM Enabieflnhibit B Status PDU Enable/Inhibit Status i 1
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PMCSTELEMJHTtY

Battery x Actual C D Ratio (x = 1,2) Scc o-5 v Analog 2 8

Battery x Actual State of Charge (x= 1,2) Scc o-5 v Analog 2 8

Battexy x Amp-Min In (x = 1,2) Scc o-5 v Analog 2 8

Battery x Cell Temperature (x = 1,2) Scc o-5 v Analog 2 8

Battery x Full Charge Flag (x = 1,2) Scc W1 status 2 1

Battery x Pressure (x = 1,2) Scc o-5 v Analog 2 8

Battexy x Pressure State of Charge (x= 1,2) Scc o-5 v Analog 2 8

Battery x Actua! Pressure Status (x = 1,2) Scc 0/l status 2 1

Battery x Actual C D Ratio (x = 1,2) Scc o-5 v Analog 2 8

Battery x Temperature (x = 1,2) Scc o-5 v Analog 2 8

Battery x Theoretical Chg Arnp-Mins. (x = 1, 2) Scc o-5 v Analog 2 8

Battery x Actual Dischg Amp-Mirts. (x = 1,2) Scc o-5 v Analog 2 8

Battery x Trickle Charge Status-Flag (x = 1,2) Scc 0/1 status 2 1

Battery x Trickle Charge Rate (x = 1,2) Scc &5 v Analog 2 8

Battery x Actual Charge Amp-Min (x = 1,2) Scc (L5 v Analog 2 8

Battery x Variable Charge Rate (x = 1,2) Scc &5 v AnaJog 2 8

Converted Current Scc o-5 v Analog 2 8

Current in Amperes Scc (L5 v Analog 2 8

Current Status Scc 0/1 status 2 1

Day Time Scc o-5 v Analog 1 8

Housekeeping Overpowered Flag Scc o-5 v Analog 1 8

Instrument x Load Power (x = 1...7) Scc o-5 v Analog 7 8

Instrument x Overpowered Flag (x= 1...7) Scc @5 v Analog 7 8

Night Time Scc W5 v Analog 1 8

Pressure in PSI Scc o-5 v Analog 8 8

Eclipse-Sun-Status Scc 0/1 status 1 1

Solar Array Circuit Current Scc o-5 v Analog 2 8

Solar Array Current Capability Scc o-5 v Analog 1 8

Solar Array Shunt Current Scc o-5 v Analog 1 8

Total Housekeeping Load Power Scc o-5 v Analog 1 8

Total Load Current Scc &5 v Analog 1 8

Total Load Power Scc o-5 v Analog 1 8

Voltage Group Scc o-5 v Analog 2 8

.- Voltage Readings Scc o-5 v Analog 8 8

Voltage Status Scc 0/1 status 8 1
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1 SCOPE

This spectilcation establishes the performance, design, development, and test requirements for the
Electrical Accommodations Subsystem (EAS). It also establishes the allowable parts, materials, and
fabrication techniques for harnesses. These requirements are derived from the Contract End Item
Specification, PS20005396, and the documents it cites.

The harnessing requirements of this speciilcation apply to the interconnection of electrical and
electronic equipment on the Spacecraft. All wiring which is completely internal to the electrical and
electronic equipment is governed by the applicable equipment speciilcation rather than this
specfilcation.
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2 APPLICABLE DOCUMENTS

The following documents of the exact issue shown, form a part of this spec~lcation to the extent
spec~led herein. In the event of conflict between the documents referenced below and the contents
of this specitlcation, the contents of this spectilcation shall take precedence, except as defined in
Section 3.6 herein.

2.1 Government Documents

2.1.1 NASA Documents

421-10-01
30 October 1992

420-05-02
14 May 1992

420-03-02
1 December 1992

421-12-11-01

421-12–12+2

421–12-03-02

421–12-04-01

421–12-15-02

NHB 5300.4 (3A-1)
December 1976

NHB 5300.4 (3G)
April 1985

NHB 5300.4 (3H)
May 1984

NHB 5300.4 (31)
May 1984

NHB 5300.4 (3J)
April 1985

NHB 5300.4 (3K)
January 1986

Requirements Document for the EOS-AM
Spacecraft

Petiormance Assurance Requirements for the EOS
Observatories

General Instrument Interface Specification

Unique Instrument Jnterface Document, ASTER

Unique Instrument Interface Document, CERES

Unique Instrument Interface Document, MISR

Unique Instrument Interface Document, MODIS

Unique Instrument Interface Document, MOPI’IT

Requirements for Solde~d Electrical Connections,
Change 1

Requirements for Interconnecting Cables,
Harnesses, and Wiring

Requirements for Crimping and Wire Wrap

Requirements for Printed Wiriig Boards

Requirements for Conformal Coating and Staking
of Printed Wiring Boards and Electronic
Assemblies

Requirements for Rigid Printed Wiring Boards and
Assemblies
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2.1.2 Military Documents

WSMCR-127-1
15 December 1989

MIL-STD-1576
31 July 1984

MIL-STD- 1553B
21 September 1978

Western Space and Missile Center Range Safety
Requirements

Military Standard, Electroexplosive Subsystem
Safety Requirements and Test Methods for Space
Systems

Military Standard, Aircraft Internal Time Division
Command/Response Multiplex Data Bus

2.1.3 Other Government Documents

None

2.2 Non-Government Documents

2.2.1 Martin Marietta Astro Space Documents

PS20005396 EOS-AM Spacecraft Contract End Item
Specification (SEP-101)

PS20005404 Verification Specification for the Earth Observing
System (VRD-1 10)

1S20008501 General Interface Specflcation for the Earth
Observing System (ICD-101)

1S20008503 Launch Vehicle Interface Requirements Document
(ICD-103)

PN20005869 Electromagnetic Compatibility Control Plan
(SEP-106)

20005397 Performance Assurance Implementation Plan
(PA-1OO)

PN20001412 Contamination Control Plan for the EOS-AM
Spacecraft (SEP-107)

20008648 Program Approved Parts List (PA-325)

20008650 Program Approved Materials and Processes List
(PA-46(I)

20008652 Critical Items List (PA-510)

PN20005404 Verification Plan (VRD-1OO)

DCC070693 4
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PN20008664
26 August 1992

TP-FTE-20008636

TP-CPTE-20008636

TP-AT-20008636

TP-IVT-20008636

TP20008636

TP20008545

20008536

20008636

20027775B

47A268520E

20038254

2280749K

2280800V

2280801P

2280878AB

20001388

Source:

2.2.2 Subcontractor Documents

None

=

Comprehensive Test Plan (VRD-105)

Test Procedure, Functional Test, EAS

Test Procedure, Comprehensive Performance Test,
EAS

Test Procedure, Aliveness Test, EAS

Test Procedure, Interface Verification Test, PRA

Test Procedure, Harnesses

Test Procedure, PRA

EOS-AM Spacecraft Specification Tree

Harness Planning Diagram

Harness Fabrication Standard

Harness Fabrication Requirements

Harness Installation Requirements, Mechanical

Process Standard, Lead Forming, Component and
Terminal Mounting

Process Standard, Crimping Flight Connector
Contacts

Process Standard, In-Line Splicing of Stranded
Interconnecting Wire Using Raychem Solder
Sleeves

Process Standard, Bonding, Staking, Potting,
Encapsulating

Bus Core Assembly

Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

2.2.3 Other Non-Government Documents

None
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3 REQUIREMENTS

The EAS shall meet all performance requirements speci.fkd herein.

3.1 EAS Definition

3.1.1 System Functions

3.1.1.1 Electrical Interconnections

[1] The EAS shall provide the electrical interconnections of all flight equipment on the
Spacecraft. It shall also provide the electrical interfaces between the Spacecraft and the launch
vehicle, ground suppoti equipment, and test equipment.

The EAS will support the following spacecraft functions:

a.

b.

c.

d.

e.

f.

g.

h.

i.

j-

k.

1.

3.1.1.2

120 Vdc Primary Power Distribution

Low Voltage Secondiuy Power Distribution

MIL-STD-1553B Data Busses

Time Mark and Frequency Bus

High Rate Data Links

Discrete Logic Level Signals

Discrete Relay Drive Signals

Analog Telemetry Signals

Bi-level Telemetry Signals

Electroexplosive Device (EED) Firing Signals

Power Signal Returns/References

Fault Grounds

System Grounding

[1] The EAS shall provide a single point ground system for the Spacecraft prime power
hardware. The EAS shall provide a multi-point ground system for signal reference and chassis
bonding. These ground systems shall be in accordance with the Electromagnetic Compatibility
Control Plan, PN20005869.

[2] The EAS shall provide a fault ground for each Equipment Module (EM) and instrument so
that the maximum electrical fault current of all equipment operating from a 120 V power source can
be conducted without creating a thermal or elecrncal hazard. This fault ground shall be returned
via wire connection to the Prime Power Reference (PPR).

7 DCC070693
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3.1.1.3 System Bonding

The EAS shall bond the instrument interface connector panel and the chassis of all EMs and major
assemblies to the Signal Reference Plane (SRP).

3.1.1.4 Initiation of Electroexplosive Devices

The EAS shall provide the Arm and Fire functions for all EEDs used on the Spacecraft.

3.1.2 Interface Definition

3.1.2.1 Functional Interfaces

[1] The functional interfaces for the EAS shall be as depicted in Figure 1 and

[2] as listed in Table I. The subsystem modes, defined in Section 3.2.2, during which the
interface is relevant, are indicated in the “Mode” column.

[3] All functions shall be implemented in hardware.

n=Electrical Interface to Subsystems

Pyrotechnic Power Bus from EPS + Electrical Interface to Instruments

Thermal Control from TCS + H= Electrical Interface to Launch Vehicle
EAS

Mounting Suppoti from SMS + Electrical Interface to Gnd SupDtEquip.

Command and Monitor from C&DHS +1 ~ Arm and Fire of EEDs

I Telemetry to C&DHS

Figure 1. EAS Functional Interface Diagram

3.1.2.2 Software Interfaces

The EAS does not require any functions to be implemented in software.

3.1.2.3 Electrical Interfaces

The EAS shall comply with the requirements of the General Intexf’aceSpecification, 1S20008501,
Section 3, and the General Instrument Interface Spectilcation, GSFC 420-03-02, regarding power,
grounds, standard signal interfaces, EEDs, test points, connectom, and comector pin allocations.

DCC070693 8
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Table I. EAS Functional Interfaces

I I I I IDestina-
Input Source Activity output tion Mode I

IThermal I TCS
I
Maintain Acceptable None I IAll

Control TemPs I

IMounting I ‘MsL-Attachment to
support ‘one I IM1 I
ICommands I“D*SI%$:;:%:ge’‘e’emevIc&DHslmDFtigI
IPyro Bus

Imsl I

Deploy Appendages/ EEDFiring
Power Open Pyrova.lves I ‘DslmDFtigI
ISubsystem

I ‘::::- lem-Housekeeping Interconnec-

1

Subsys- All
Signals tions terns I

Instrument Instru-
1
Science Mission

,Ons I ~:: IM1 I

I.nterconnec-
Signals ments

IUmbilical
I ~::: lRelaunchsupw*

Interconnec-
tions I ~:~d ‘1 ISignals

IExt. Pwr and

I ‘SE I
Electrical Testing Interconnec-

1

Subsys- Normal
Test Signals tions terns I

3.1.2.3.1 Subsystems

[1] The EAS shall provide all electrical interconnections between the components of all
subsystems and between the subsystems as required.

[2] The EAS shall provide the appropriate mating connector for each corresponding connector
on all components with interconnections as listed in the component performance specillcation or
ICD.

3.1.2.3.2 Instruments

[1] The EAS shall provide electrical interconnections between the instrument components and
between the instrument components and Instrument Accommodations components as specified in
the GIIS and the Unique Instrument Interface Documents (UHDs).

[2) If the UIIDS and the GIIS conflict, the UTfDsshall govern.

[3] The EAS shall provide the appropriate mating connector for each corresponding connector
on all components with interconnections as spec~led in the UIIDS.

For those Instruments for which a UIID has not approved, the Instrument parameters defined in
Table II shall be assumed for EAS design activities. As UIIDs become approved, the below-listed
parameters will be superseded, as appropriate.

9 DCC070693
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Table II. Instrument Parameters

Number of Number of Point-to- Time
Number of High-Rate Low-Rate Point Command Mark and

Sets of Science Science Cmd/lWn and Telem- Frequency
Power Data Data Interface etry Bus Bus

Instrument Interfaces Interfaces Interfaces Sets Interfaces Interfaces

ASTER 2 4 0 2 1’ 1

MISR 1 1 0 1 1 1

MODIS 1 I o 1 1 1

CERES 2 0 2 2 2 2

MOPITT 1 0 1 1 1“ 1

3.1.2.33 Launch Vehicle

[1] The EAS interfaces to the launch vehicle and tot.he support equipment supplied by the launch
vehicle agency shall meet the requirements of the Launch Vehicle Interface Requirements
Document, 1S20008503.

[2] The EAS shall provide the elechical interconnections between the Command and Data
Handling Subsystem (C&DHS), the Electrical Power Subsystem (El%), and the Launch Support
Equipment (LSE) so that commands, telemetry, and power maybe passed between them via the
launch vehicle interface when mated to the launch vehicle during the p~-launch phase of the
mission.

3.1.2.3.4 Ground Support”Equipment

The EAS shall provide electrical interconnections according to 1S20008501, between the Spacecraft
subsystems and the Ground Support Equipment (GSE) .necessaxy to support Integration and Test
(I&T) and pre-launch operations.

3.1.2.3.5 Electrical Power Subsystem

[1] The EAS shall receive primary and secondary pyrotechnic power busses horn the Electrical
Power Subsystem.

[2) Each bus shall be capable of delivering a minimum EED f~ing current of 5.0 Amps over a
voltage range of 21.0 to 36.0 Volts DC with a maximum total circuit resistance of 4.2 ohms at the
Battery Assembly interface.

[3] The pyrotechnic power bus shall be capable of delivering this current up to 20 times.

DCC070693 10
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3.1..2.3.6 Command and Data Handling Subsystem

[1] The EAS shall receive relay drive signals from and provide redundant switch status
telemetry signals to the Command and Data Handling Subsystem (C&DHS) for the PRA according
to the standard interface circuits specifkd in 1S20008501.

The commands and telemetry required by the EAS to be prccessed by the C&DHS are listed in
sections 6.5 and 6.6, respectively.

3.1.2.4 Mechanical Interfaces

[1] The EAS shall comply with the requirements of 1S20008501, Section 4, regarding
coordinate systems, physical characteristics, design and constmction, mounting, alignment,
mechanisms, dynamic characteristics, structural criteria, and tooling.

[2] The EAS shall incorporate interfaces for external stimuli or simulators where necessary for
ground testing as defined in Section 4, herein.

[3] Harness assemblies shall be secured to structure as specified in the Mechanical Harness
Installation Requirements, Mechanical, 20038254.

3.1.2.5 Thermal Interfaces

The EAS shall comply with the requirements of 1S20008501, Section 5, regarding thermal
interfaces, environmental flux parameters, and thermal control hardware.

3.1.3 Major Component Iist

The majorcomponents of the EAS shall be as listed in Table III.

Table III. Major Components of the EAS

Subsystem Component I Qu~tity IMajor Function

Spacecraft Core Harness 1 Electrical interconnections

EM Harnesses 8 Electrical Interconnections

Instrument Harnesses 5 Electrical Interconnections

Pyrotechnic Relay Assembly (PRA) 1 Arm and Fire EEDs

Signal Reference Plane (SRP) 1 RF Signal Reference Ground

3.2 Characteristics

3.2.1 Performance

3.2.1.1 DC Power Distribution

3.2.1.1.1 Primary Power Distribution

The power loss through the Primary Power Distribution Harnesses is accounted for in the EPS
efllciency factors and is not to be mated as power consumption of the EAS.
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3.2.1 .1.1.1 Solar Array Harness

[1] The voltage drop of the Primary Power Distribution Harness between the Sequential Shunt
Unit (SSU) and the Solar Array Drive (SAD) shall not exceed 0.5 percent of the nominal voltage
of 127 Volts, or 0.64 Volts. This voltage drop is measured fkom the output connector of the SSU to
the input connector of the SAD.

[2] The voltage drop of the Primary Power Distribution Harness between the SAD and the
Power Distribution Unit (PDU) shall not exceed 1.0 percent of the nominal voltage of 127 Volts,
or 1.27 Volts. This voltage drop is measured from the output connector of the SAD to the input
connector of the PDU.

3.2.1 .1.1.2 Battery Harness

The voltage drop of the Primary Power Distribution Harness between the Battery and the Battery
Power Conditioner (BPC) shall not exceed 2.0 percent of the minimum battery voltage of 53.0 Volts,
or 1.06 Volts. This voltage drop is measured from the output connector of the Battery to the input
connector of the BPC.

3.2.1 .1.1.3 BPC Harness

The voltage drop of the Fhimary Power Distribution between the BPC and the PDU shall not exceed
2.0 percent of the nominal voltage of 120Volts, or 2.40 Volts.This voltage drop is measured from the
output connector of the BPC to the input connector of the PDU.

3.2.1 .1.1.4 Load Harness

The voltage drop of the Primary Power Distribution Harness between thePDU and the housekeeping
and instrument loads shall not exceed 2.0 percent of the nominal voltage of 120 Volts, or 2.40 Volts.
This voltage drop is measured from the output connector of the PDU to the input power connector of
the individual loads and includes the voltage drop through the fuses within the Fuse Distribution
Boxes (FDBs).

3.2.1.1.2 Secondary Power Distribution

The power consumption of the Seconday Power Distribution harness which connects the power
output of the power converters to their loads shall not exceed 2.0 percent of the nominal voltage of
28 Volts, or 0.56 Volts.

3.2.1.2 C&DH Data Busses

The C&DH data busses shall be designed with the circuit characteristics given in MIL-STD-1553B.

3.2.1.2.1 Characteristic Impedance

The data bus cable shall have a characteristic impedance of 78 ohms *1O%.
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3.2.1.2.2 Stub I.mgth

The maximum length of any stub shall be 20 feet.

3.2.1.2.3 Sigml Strength Degradation

Assuming a terminal output voltage of 18.0 volts peak-to-peak, the signal strength at the terminal
input shall be a minimum of 1.0 volt Peak-t&peak.

3.2.1.2.4 Signal to Noise Ratio

The signal to noise ratio at the terminal

3.2.1.2.5 Bus Termination

input shall be a minimum of 23.5 dB.

The data bus termination shall have a resistance of 78 H% ohms.

3.2.1.3 High Rate Data Links

3.2.1.3.1 Transmission Media

The high rate data links shall be transmitted via 50 ohm terminated coaxial cable pairs.

3.2.1.3.2 Cable Length

The maximum length of any high rate data link shall be 40 feet.

3.2.1.3.3 Signal Strength Degradation

Assuming a terminal output voltage of 0.6 volts peak-to-peak, the signal strength at the terminal
input shall be a minimum of 0.31 volts peak-to-peak.

3.2.1.3.4 Signal to Noise Ratio

The signal to noise ratio at the terminal input shall be a minimum of 3 dB.

3.2.1.4 llme Mark and Frequency Busses

3.2.1.4.1 Characteristic Impedance

The bus cable shall have a characteristic impedance of 100 +10% Ohms.

3.2.1.4.2 Stub Length

The maximum length of any stub shall be 20 feet.
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3.2.1.4.3 Signal Strength Degradation

WM a voltage of 7.5 V peak-tqeak at the outputof the active driver,the signal level at any user
input shall be a minimum of 0.4 V peak-t-peak.

3.2.1.5 Bonding

TheEAS shall provide electrical bonding between the Spacecraft core structure and each of the EMs,
Instruments, and other major Spacecraft assemblies according to the requirements of PN20005869
and 1S20008501.

3.2.1.6 Grounding

The EAS shall support the distributed single point grounding system of the Spacecraft by providing
power and signal returns and shield terminations as required according to the requirements of
PN20005869 and 1S20008501.

3.2.1.7 Electroexplosive Subsystem

The Electroexplosive Subsystem (EES), which is a sub-subsystem of the EAS, shall meet the
requirements of WSMCR 127-1, MIL-STD-1576, PN20005869, and 1S20008501.

3.2.1.7.1 Telemetry
/

The EES shall provide telemetry for monitoringredundancystatusof PRA to the C&DHS.

3.2.1.7.2 Commendability

[1] The redundancyof the EES shall be cotilgured by command from C&DHS.

[2] The EES shall be commendable to known states regardless of earlier states.

[3] EES commandswhich havedifferentfunctionalitydependingon currentstate(e.g., “toggle”
commands) shall not be permitted.

[4] No single EES command shall place the Spacecraft into a configuration from which it cannot
recover.

3.2.2 Operational Modes

[1] The EAS shall perform its functions during all mission phases and in all spacecraft modes.

[2] The EAS shall have two operational modes, EED Disabled and EED Firing.

[3] The EAS opemtional modes shall be effective during the applicable spacecraft operating
modes as shown in Thble IV.
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Table IV. Subsystem Operational Modes

Spacecraft Mission Mode

Subsystem Mode Gnumd Test Stuxl-By Sdemc Deb-v survival safe

EED Disabled x x x x x x

EED Firing x x

3.2.2.1 EED Disabled Mode

The EAS will normally be in EED Disabled Mode to prevent inadvertentEED ftig or, after all
EEDs have been freed, to disconnect the batteries from the pyrotechnic busses. During EED
Disabled Mode, the pyrotechnic power busses are disabled and there are no EED ftigs.

3.2.2.2 EED Fking Mode

When the Spacecraft mission timeline requires EED fuings, the EAS will be cotilgured in the EED
Firing Mode. The EED Firing Mode will be entered immediately upon receipt of a command to
enable a pyrotechnic power bus. Then, the EEDs are armed and fwd.

The EAS will exit the EED Firing Mode when the EEDs are disarmed and the pyrotechnic power
busses are disabled by command.

3.2,3 Physical Characteristics

3.2.3.1 Mass

[1] The mass of the EAS shall not exceed 600 pounds.

[2] The size, weight, center-of-mass, and products of inefiia estimate accuracies for the PRA
shall be as defined in 1S20008501, Section 4.

3.2.3.2 Durability

[1] The EAS shall be made up only of materials and components capable of withstanding the
environmental conditions specified in Section 3.2.7 herein without evidence of damage as defined
below.

[2] The EAS shall also be capable of withstanding, without evidence of physical damage (as
defined below), any wear due to the functioning of the system.

[3] Damage shall be considered to be any change in the EAS or components which may degrade
subsystem performance to levels below those specified herein.

[4] The EAS shall be capable of meeting all operational requirements as speeifkd herein in the
environments specified in Sections 3.2.7.4 and 3.2.7.5 herein, for the duration of five years in orbit.
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3.2.3.3 Layout and Dimensions

The EAS layout and maximum component dimensions shall be in accordance with the component
ICDS.

3.2.3.4 Maintainability Impact on Design

[1] To the extent practical, the EAS shall facilitate maintenance by being functionally and
mechanically independent from all other Spacecraft elements.

[2] The EAS shall facilitate maintenance by being modular to the extent practical.

[3] The EAS shall be designed to use existing GSE, wherever practical, rather than requiring
the design of new equipment.

[4] Items requiring frequent access during I&T or other prelaunch operations shall be accessible
during I&T without disassembly of other equipment.

3.2.3.5 Handling Features

The EAS and/or GSE designs shall include handling features which reduce the likelihood of damage
to any flight equipment.

3.2.4 Power Characteristics

The EES shall meet the performance requirements specitled herein when supplied power as
specitled in Section 3.1.2.3.5 herein.

3.2.5 Power Usage

The EAS shall consume power at a level less than or equal to those listed in Table V. The power
consumption listed in Table V is the power loss through the secondaxy voltage power feeds which
must be included in the spacecraft loads. The power loss through the primary power distribution
harness is included in the EPS efficiency.

Table V. Power Resource Allocation

I IMaximum Power
Spacecraft Mode (Watts) I

Ground Test I 2.86

Survival 3.0

Delta-V 3.0

Stand-By I 3.0

Science I 3.0

Sale I 3.0
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These powers are orbit average based on End-of-Life.

Maximum powers represent the maximum orbit average power allocation for that mode,
corresponding to maximum capability.

3.2.6 Reliability

EAS component failures shall be treated as failures of the subsystem whose EAS-provided services
are interrupted.

3.2.6.1 Storage Restrictions

Limited-life components which may require change-out during storage shall be identifkd and
trackedin the Critical Items List, 20008652.

3.2.6.2 Vulnerability Factors

EAS vulnerability to damage shall be reduced by adhering to the requirements given in Section 3.3.

3.2.6.3 Failure Tolerance

[1] The EES shall be tolerant of any single, credible, hard failutt including a failure in the
pyrotechnic cabling.

[2] No failure shall induce any other failure.

[3] Failures in the EAS which may threaten spacecraft survival shall be detectable.

3.2.6.4 Failure Propagation Restrictions

[1] No single failure shall cause loss of a redundantfunctional pathfor any critical function.

[2] ArIy event causing the loss of any critical or non-critical functional path shall not result in
loss of the alternate or redundant path.

[3] The EAS shall ensure that no instrument or component failures may propagate failun% to
other spacecraft elements.

3.2.7 Environmental Conditions

[1] The EAS components shaIl remain undamaged during, and

[2] following exposure to the Protoflight environmental test levels corresponding to the
environments defined in 1S20008501, Section 6.

[3] The EAS components shall remain undamaged during, and

[4) following exposure to the acceptance environmental test levels corresponding to the
environments defined in 1S20008501, Section 6.
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[5] Test levels shall be as defined in the Vetilcation Specitlcation, PS20005404.

[6] Damage shall be as defined in Section 3.2.3.2 herein.

[7] Where practical, the EAS shall not impose operational constraints due to natural
environmental conditions during checkout, launch, and on-orbit conditions.

3.2.7.1 Storage, Integration and Test

The EAS shall be capable of being held for testing or storage for the period defined in 1S20008501,
Section 6, under the prelaunch conditions stated the~ for [1] thermal, [2] contamination,
[3] humidity, and [4] Electromagnetic Interference (@40, without suffering any damage as defined
in Section 3.2.3.2.

3.2.7.2 Shipment

The EAS shall comply with the following transportation environmental requirements as defined in
1S20008501, Section 6: [1) thermal, [2] contamination, [3] humidity, [4] EMI, [5] loads, and
[6] shock.

3.2.7.3 Launch

The EAS shall comply with the following launch environmental requirements as defined in
1S20008501, Section 6:[ 1] therrnal,[ 2] contamination, [3] radiated RF, [4] EMI, [5] loads,
[6] shock, and [7] pressure [8] acoustic vibration, [9] lightning, and [10] cosmic ray.

3.2.7.4 On-orbit

The EAS shall comply with the following on-orbit environmental requirements as defined in
1S20008501, Section 6:[ 1] thermal,[ 2] contamination, [3] pressure, [4] EMI, [5] loads, [6] shock,
[7] orbital debris, [8] micrometeoroids, [9] vibration, [10] charged particle, [11] atomic oxygen,
[12] magnetic, and [13] Electrostatic Discharge (ESD).

3.2.7.5 Electromagnetic Radiation

[1] The EAS shall be compatible with the electromagnetic environment as specified in
PN20005869.

[2] EAS components shall comply with the ionizing radiation design requirements specified in
1S20008501, Section 6.

3.3 Design and Construction

3.3.1 Material, Processe$ Parts, and Finishes

All materials, manufacturing processes, parts, and finishes shall be selected in accordance with
1S20008501, Section 4.
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3.3.2.1
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Nameplates and Product Marking

components shall be labeled in accordance with 1S20008501, Section 4.

Identification of Individual Comeetors

Individual connectors shall be uniquely identiled according to the guidelines stated in 20027775 to
facilitate assembly, inspection, and modtilcation of the wiring harness.

3.3.2.2 Identification of Harnesses

[1] To facilitate installation on the structure, inspection, and servicing prior to launch, each
wiring harness and cable assembly shall be marked to identify part number, serial number, revision
number, and equipment name.

[2] The method of identiilcation shall ensure legibility when installed on the structure and shall
not impair the functional characteristics of the wiring harness or cable assembly.

[3] Wiring harnesses and cable assemblies shall be functionally identifiable within six inches
of each plug and at least every 5 meters.

3.3.3 Workmanship

Workmanship during fabrication of the EAS electrical components shall comply with the
requirements of NHB 5300.4 (3A-1, G-K).

3.3.4 Interchangeability

EAS components shall be interchangeable as defined in 1S20008501, Section 4.

3.3.5 Safety

[1] Measures for personnel safety shall be taken in all phases of the design, manufacturing, and
testing in order to ensure personnel safety in accordance with WSMCR 127-1.

[2] The design shall meet the factors of safety given in 1S20008501, Section 4.

[3] The EAS shall meet the requirements of the Safety section of the Product Assurance
Implementation Plan (PAP), 20005397.

[4] Where practical, hazards shall be eliminated or removed through appropriate design
measures. Hazards which cannot be eliminated or removed shall, where practical, be prevented
through incorporation and use of safety devices or features. Remaining hazards shall be controlled
through the use of warning devices ardor special procedures.

[5] Automatic detection and safing of hazards which may cause personnel injury or loss of the
Spacecraft shall be indepmdent of those subsystems being monitored. Where practical, the detection
and safing of lesser hazards shall also follow this practice.
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[6] Items which for safety reasons may require rapid prelaunch maintenance shall be readily
accessible.

[7] The EES shall incorporate arming mechanisms which allow EEDs to be armed as near to the
time of expected use as feasible, and to be disarmed promptly when no longer in use.

[8] The EAS shall be designed so that an unintended change of state of one relay cannot cause
an EED to f~e.

3.3.6 Harness Design and Construction

3.3.6.1 Comector Selection Criteria

[1] Connectors shall mate to box connectors.

[2] Interface connectors shall be selected to provide differing shell size, insert arrangement,
connector orientation, keying, and/or marking between adjacent connectors so that incorrect
attachment or attachment to an inappropriate mating connector is avoided.

[3] Connectors used on the power side of the harness assembly shall have socket type contacts
to reduce the risk of shorting contacts.

[4] All connectors shall have a positive lock or attachment to prevent inadvertent demating of
connectors.

3.3.6.2 Wire Selection Criteria

[1] Wire size shall be chosen in accordance with the current requirements of each circuit and the
derating criteria stated in 20008648.

[2] The minimum wire size used shall be 24 AWG for single-conductor unshielded copper wire
and 26 AWG for twisted multi-conductor copper wire.

[3]
24 and

[4]

[5]

Where 24 and 26 AWG wire is used, it shall be the high-strength type. Regular strength
26 AWG wire shall be prohibited.

The minimum wire size used in any power distribution circuit shall be 22 AWG.

All power shall be distributed with a minimum of two positive conductors and two return
conductors unless the curmmt carrying capacity, voltage drop, or thermal dissipation of the circuit
requires additional conductom

[6] EED signals shall be canied on 20 AWG Shielded TWisted Pair cable in accordance with
MIL-STD-1576. The shield integrity shall be maintained back to the ftig relay device.

3.3.6.3 Twisted Cables

[1] ‘IWisted cable shall have the minimum twists per foot as speei.iled in 47A268520, Harness
Fabrication Requirements.

[2] Power feeds shall have a twisted configuration.
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3.3.6.4 Wire Termination

[1] Each wire which terminates to a connector contact shall be terminated by soldering or
crimping.

[2] Where spare wires are included in a bundle, the wire ends shall be capped with heat shrink
tubing.

[3] A single connector terminal shall have only one wire connected to it.

[4] Soldering shall be performed according to the Process Standard, Lead Forming, component
and Terminal Mounting, 2280749.

[5] Crimping shall be performed according to the Process Standard Crimping Flight Connector
Contacts, 2280800.

[6] Bonding, staking, and potting shall be performed according to the Process Standard,
Bonding, Staking, Potting, Encapsulating, 2280878.

3.3.6.5 Wire Splicing

Splicing shall be performed according to the Process Standard, In-Line Splicing of Stranded
Interconnecting Wire Using Raychem Solder Sleeves, 2280801.

3.3.6.6 Fabrication Forming Board

[1] Fabrication of all wire harnesses and cable assemblies shall be on a three dimensional jig or
on a fabrication forming board that reproduces the size and shape of the harness when installed on
the spacecraft.

[2] All electrical terminations shall be located with position, tilt, and index identical to the final
installation.

[3] Connector shells shall be used to reproduce the mating interface.

3.3.6.7 Routing Design

[1] The harness design shall emphasize the shortest path possible, minimizing both length and
weight whenever practical.

[2] Harnesses shall be segmented to facilitate manufacturing, installation, and rework.

[3] Three-dimensional harnesses shall be avoided wherever possible. A harness is considered
to be three-dimensional when the assembly cannot be placed on a harness/peg board without having
a portion leave the harness plane of reference in such a manner that any external force would distort
the harness conilguration.

[4] Harnesses shall be routed and supported such that improper mating of connectom cannot be
made.
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[5] Harness routing shall be designed to protect the wirefiom abrasions, cutting, and sharp edges
and shall allow easy passage of attached connectors through structural holes and bulkheads during
installation.

[6] All harnesses shall be located away from heat generating devices.

[7] The design shall provide slacks to prevent mechanical stms and strain on the wires, harness
supports, and solder terminations due to servicing, vibration, and forces produced by the harness ‘S
weight.

[8] The distance between harness supports shall not exceed 18 inches.

[9] During installation of harnesses, the use of staking compound shall be kept to the minimum
amount necessary.

3.3.6.8 Bend Radius of Harness

3.3.6.8.1 Wire and Cable

[1] For a single wire oracabie individually routed and supported, the minimum bend radius shall
be ten times the outside diameter of the wire or cable.

[2] Ifa wire used as a shield terminator or jumper is required to reverse direction in the harness,
the minimum bend radius of the wire shall be three times the diameter at the point of reversal,
providing the wire is adequately supported.

3.3.6.8.2 Group% Bundles, and Harnesses

[1] The minimum bend radius of a group or bundle shall be six times the outside diameter of
the group or bundle.

[2] The minimum bend radius of a harness shall be six times the outside diameter of the harness
unless each wire of the harness was laid to be a preformed bundle during fabrication. If every wire
or bundle of the harness is preformed, then the harness bend radius shall be such that it meets the
minimum bend radius requirement for each bundle within.

[3] In no case shall the bend radius of the group, bundle, or harness be less than ten times the
diameter of the largest included single wire or cable.

3.3.6.8.3 Coaxial and Triaxial Cables

[1] The minimum bend radius shall not adversely affect the characteristics of the cable. For
flexible type coaxial or triaxial cables, the minimum bend radius shall be six times the outside
diameter of the cable.

[2] For semi-rigid type, the minimum bend radius shall be ten times the outside diameter of the
cable.
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3.3.6.9 Circuit Categorie5

[1] The category of all electrical circuits shall be determined according to the criteria given in
Table VI. The category of each circuit will be listed in the appropriate component performance
speciilcation.

[2] Each signal and power circuit shall comply with the cable type and bundling requirements
specifkd in Table VI.

[3] Where special considerations exist within the category for a particular circuit, the
information contained in the wire connection list for the harness shall identify the uniqueness of the
particular circuit.

3.3.6.10 Wire Bundle Separation

[1] In general, the harness shall be configured as required by the physical constraints of the
spacecraft stmcture, by the location of the units on the structure, and by the guidelines set forth in
PN20005869.

[1] Wherever possible, separate cable assemblies shall be fabricated and routed to provide
physical separation of redundant signals and of signals of different categories. Where this is not
possible, the bundling strategy defined in PN20005869 shall be employed.

3.3.6.11 Harness Handling

[1] Harness handling and storage shall be performed according to the guidelines in 20027775.

[2] The harness assemblies shall not be removed from their three-dimensional forming boards
until all quality assurance requirements have been met.

[3] The assemblies shall then be moved from the forming boardsdirectly to installation on the
required f~ttire or the flight structure without intermediate storage in order to avoid unnecessary
handling.

[4] Dust caps shall be installed on all unmated connectors to prevent damage to the pins and entry
of foreign matter.

[5] Whenever production schedules or other considerations require harness storage, the
harnesses shall be packaged, handled, and transported in a manner that minimizes possible damage
or environmental degradation.

[6] When a harness assembly is removed from the forming board for storage, dust caps shall be
installed on all connectors and the entire harness placed in a protective bag or box.

Unsupported handling should be avoided.
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Table VI. Circuit Categories

Sub-
Deseription Category Category characteristics Application CableRqmts BundleRqmts

Powerand I a dc circuitsover 1)solarArray CategoryI CategoryIa
Control 10V powerfromthe circuitsshallbe signalsshallbe

SSUtothe camiedon shieldedasa
PDU twisted groupfrom
2)Batterypow- conductcxcable other
er to thePDU withanoverall categoriesand
3)External shield. rowedthrough
powertothe separate
PDU DePowershall connectors.
4)+120Voltdc bedistributed
powerdistribu- witha minimum Whena
tionfromthe oftwopcsitive componenthas
PDUtothe klh and two both 120V and
loads return leads and 28V pOWel’

5) +28 power a fault ground feeds, the 28V
distributim wire in a twisted power feeds
from EPCS to cordiguraticm. shall be routed
loads through

separate
connectors
from both
120V power
feeds and my
other circuit
category.

b dc circuits below none identifkl The current
10 Vandover5 canying capacity
A or the thermal

dissipation

c ac circuits below none identified of the circuit
0.1 MHz with may require
voltages above additional
25 Vrms conductors.

d pulse circuits relay drive Category Id
with maximum signals shall be
vottages above shielded as a
25 Vwithrise group from
and fall times category Ia and
greater than 1
psec categories but

may be
bundled with
categories II
and HI.

e all power returns
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Table VI. Cimuit Categories (Continued)

Sub-
Deacnption Category Category Cbaraeteriatk= Applkation CableRqmta BundleRqmts

High Level 11 a digital circuits none identified Category 11 Categcry II
Signals with voltage lev- circuits shall be signals shall be

els from 5 to 25 carried on shielded as a
V and rise and shielded twisted group from
fall times greater pair cable. other
than 1 psec categories.

b digital circuits 1) logic level Time Mark &
with voltage lev- Comrnands _ Frequency Bus
els from 1 to 10 2) serial I/o signals shall be
V and rise or fall 3) active bi- carried on 100S2
times less than 1 level telemetry double-shielded
psec 4) Time Mark twinax cable.

& Frequency
Bus

c ac circuits below none identified
0.1 MHz with
voltage levels
from 5 to 25 V

d ac circuits be- none identifkd
tween 0.1 and
1.0 MHz with
voltage levels
froinltolov

Low Level III a dc circuits below 1) active ana- Category IIIa Categay IIIa
Signals 10 Vandless log telemetry circuits shall be circuits shall be

than5A 2) passive ana- carried on shielded as a
log telemeuy twisted pair group from
3) passive bi- cable. Category IIIb
level telemetry and other

categories.

b ac circuits be- none identified Category Illb
tween 0.1 and circuits shall be
1.0 MHz with carried on
voltage levels shielded twisted
less than 1 V pair cable.

c ac circuits Mow none identified Category HIc Categcry IIIc
0.1 MHz with circuits shall be circuits shall be
voltage levels carried on shielded as a
less than 5 V twisted pair group from

cable. Categay IIIa,
IIlb, and other
categories
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Table VI. Circuit Categories

sub-
Description Category Category CharacteristicsApplication Cable Rqmts Bundle Rqmts

d digital circuits high rate data Category UId Category IIId
with voltage lev- links circuits shall be circuits shall be
els less than 1 V carried on shielded as a
and rise or fall double-shielded group from
times less than 1 twin ax cable or Categcry HI
psec coaxial cable. subcategories

and aher
categories.

e digital circuits none identified
with voltage lev-
els less than 5 V
and rise and fall
times greater
than 1 wec

Electro IV all EED circuits all EED fixing Category IV Categcry IV
Explosive lines circuits shall be circuits shall be

Device carried on 20 physically
Signals AWG shielded segregated

twisted pair from all other
cable. The shield signal
integrity shall be categories.
maintained back
to the fiig
relay device.

High v a all ac circuits 1) Ku-, S- and Category Va None
Frequency above 1 MHz X-band circuits shall be

Signals carried on
coaxial cable.

b high level digital MIL- Category Vb None
circuits with STD-1553B circuits shall he
voltage levels data busses carried on
above 10V and triple-shielded
with rise or fall twin ax cable.
times less than 1
psec

c ac circuits be- None identi-
tween 0.1 and fied.
1.0 MHz with
voltage levels
above 10 V
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Table VII. EAS Eauinment Allocations-——.- . —. —-. —_= —= —-----

Power
Mass (Lb) (Watts)

Size
(LxWXH)

Component Qty (Inches) Per Unit Total Science

Spacecraft Core Harness

DC Power Distribution Harness 1 NA 47.3 47.3 0.1

C&DH Data Busses 1 NA 23.1 23.1 0

High Rate Data Links 1 NA 9.9 9.9 0

Pyrotechnic Cable Assemblies 1 NA 6.6 6.6 0

C&DH Discrete Wiring 1 NA 41.6 41.6 0

EM Harnesses

Power EM Power Harness 1 NA 58.0 58.0 0

Power EM C&DH Harness 1 NA 44.4 44.4 0

Recorder EM Power Harness 1 NA 13.3 13.3 0.1

Recorder EM C&DH Harness 1 NA 55.3 55.3 0

Comm/C&DH EM Power Harness 1 NA 12.0 12.0 0.1

Comm/C&DH EM C&DH Harness 1 NA 35.0 35.0 0

DAS Panel Harness 1 NA 10.8 10.8 0

GN&C Sensor EM Power Harness 1 NA 10.2 10.2 0.3

GN&C Sensor EM C&DH Harness 1 NA 26.8 26.8 0

RWA EM Power Harness 1 NA 5.5 5.5 0

RWA EM C&DH Harness 1 NA 40.4 40.4 0

Solar Array Boom Power Harness 1 NA 5.3 5.3 0.1

Solar Amy Boom C&DH Harness 1 NA 1.0 1.0 0

HGA Boom Power Harness 1 NA 1.1 1.1 0

HGA Boom C&DH Harness 1 NA 2.0 2.0 0

Propulsion Module Power Harness 1 NA 19.6 19.6 0.3

Propulsion Module C&DH Harness 1 NA 16.7 16.7 0

hterface Connector Panel 5 Various 0.5 2.5 0

~ignal Reference Plane 1 NA 11.0 11.0 0

Pyrotechnic Relay Assembly 1 10X9X7 10.8 10.8 0
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Table VII. EAS Equipment Allocations (Continued)

Power
Mass (Lb) (Watts)

Size
(LxWXH)

Component Qty (Inches) Per Unit Total Science

Instrument Harnesses

ASTER Power Harness 1 NA 13.8 13.8 0

ASTER C&DH Harness 1 NA 30.9 30.9 0

ASTER Intra-Instr. Power Harness 1 NA 4.3 4.3 0

ASTER C&DH hlhW-hlStr.C&DH 1 NA 7.7 7.7 0
Harness

CERES Power Harness 1 NA 1.5 1.5 0

CERES C&DH Harness 1 NA 5.6 5.6 0

MISR Power Harness 1 NA ‘ 0.8 0.8 0

MISR C&DH Harness 1 NA 4.0 4.0 0

MODIS Power Harness 1 NA 1.1 1.1 0

MODIS C&DH Harness 1 NA 5.2 5.2 0

MOPllT Power Harness 1 NA 3.5 3.5 0

MOPITI’ C&DH Harness 1 NA 9.4 9.4 0

Undistributed Allocation 2.0 2.1

Spacecraft Total 600.0 3.0

3.3.6.12 Harness Weighing

[1] The completed and tested harness assemblies and their forming boards shall be weighed as
assemblies.

[2] The forming boards shall then be weighed separately after the harnesses are removed for
delivery to the spacecraft.

3.3.6.13 Cable Shielding

[1] Cables and harness assemblies shall be shielded according to the requirements given in
Table VI.

[2] The overall shields of all harness assemblies shall be 360-degree bonded to the connector
shell at each end.
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3.3.6.14 Connector Shielding

Connectors shall be shielded according to the requirements of PN20005869.

3.3.6.15 Charging Control

The particle-induced charging of harness assembly materials which are exposed to the external
environment shall be controlled according to the requirements of PN20005869.

3.4 Documentation

3.4.1 Specifications

All parent and component spectlcations associated with this spectilcation are shown in the
EOS-AM Spacecraft Specillcation Tree, 20008536.

3.4.2 Drawings

All wire harness documents shall be listed on the Harness Planning Diagram, 20008636.

Each harness assembly shall have a configuration-controlled harness fabrication board or top
assembly drawing, parts list, and wire connection list (w’CL) as necessary, and shall be represented
on an interface control drawing or installation drawing. Additionally, photographs of all mock-up
harnesses shall be taken in order to filly document the harness mock-up cotilguration.

Each WCL shall include, as a minimum, the following information:

a.

b.

c.

d.

e.

Connector/Pin Designator.

The source and destination of the signal shall be identi.tied mnemonically and shall not
be modiiled without the concurrence of the Engineering Program Manager.

Signal Name.

Each signal shall be uniquely ident~led by name. This name
without the concurrence of the Enginee@g Program Manager.

Signal Category.

The signal category, as listed in the component performance
identifkd.

wire ~pe.

shall not be modilled

speci.tication, shall be

The wire type (part number) used for the signal shall be identitled.

Shield Termination.

Shields of shielded wires shall be identiled in the WCL and shall be identitled whether
the shield is connected to ground at a connector or terminated in the harness bundle.
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f. Routing Information.

Routing information shall be included by a dkct call out or by a reference to a harness
ICD, assembly drawing, or mock-up photographs.

g. Special Cabling.

The WCL shall refer to the Harness Fabrication Standard, 20027775, for special
construction requtiments of any special cabling within the harness.

h. Splicing Information.

For splices, other than a one-to-one splice to a connector flying lead the wires common
to each splice shall be identified. The WCL shall refer to 20027775 for specific
manufactufig information concerning usage and fabrication of such splices.

i. Reversed Identiilcation.

The Signal Receiver shall be provided for each signal.

3.43 Technical Manuals

None

3.4.4 Test plans

Subsystem-level test plans shall be included in PN20008664, Com@hensive Test Plan. Section 4
of this specillcation includes the test plans for component-level testing of harnesses and the PRAs.

3.4.5 Procedures

The following detailed test procedures shall be genemted to implement the test plans described
above.

a. TP-FT’E-20008636 Test Procedure, Functional Test, EAS

b. TP-CPTE-20008636 Test Procedure, Comprehensive Performance Test,
EAS

C. TP-AT-20008636 Test Procedure, Aliveness Test, EAS

d. TP-IVT-20008545 Test Procedure, Intefiace Verification Test, PRA

e. TP20008545 Test Procedure, Pyrotechnic Relay Assembly

f. TP20008636 Test Procedure, Harness Assemblies

3.4.6 Installation Instructions

Installation of EAS components shall be governed by the following document

20038254 Harness Installation Requirements, Mechanical
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3.4.7 Software Documentation

Not applicable.

3.5 Logistics

3.5.1 Maintenance

The EAS shall be designed to require no maintenance tier testing other than that required during
long periods of storage as specifkxl in Section 3.2.7.1 he~in.

3.5.2 supply

Not applicable.

3.6 Precedence

3.6.1 Precedence of Design Criteria

EAS design decisions shall be made to accommodate the following design criteria in the following
order of precedence:

a. Safety

b. Performance

c. Reliability

d. Cost

3.6.2 Documentation Precedence

If conflicts arise between documents, the EAS shall adhere to design requirements as stated in the
document nearest the top of the following list of requirement documents. The General Interface
Specification (GIS) is applicable to the EAS design only as invoked herein and is therefore not
included in the following list

a.

b.

c.

d.

e.

f.

Requirements Document @D)

Performance Assurance Requirements (PAR)

Unique Instrument Interface Documents (UIJDS)

General Instrument Interface Specification (GIIS)

Contract End Item (CEI) Speciilcation

External Interface Control Documents (ICDS)
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g. Subsystem and Major Assembly Specifications

h. Component Speei.tlcations

3.7 Major Component Characteristics

3.7.1 Allocations

The EAS components shall be designed to levels at or below the allocations shown in Table VII.

3.7.2 Flight Hardware Component Characteristics

3.7.2.1 Harnesses

3.7.2.1.1 Functional Requirements

[1] The EAS harnesses shall be segmented into a number of different assemblies as shown in
Figure 2 in order to satisfy &sign, manufacturing, and handling requirements.

[2] The EAS harnesses shall consist of all the interconnection wire, cable, connectors, connector
brackets, splices, fastening devices (including tie-down cleats, cable clamps, lacing cord, and
staking compound), and ground blocks. Speci13cally excluded are box ground straps, S- and
Ku-band coaxial cabling, and waveguide connections.

3.7.2.1.1.1 Spacecraft Core Harness

[1] The Spacecraft Core Harness shall provide all electrical intemonnections between and
among EMs, instruments, the launch vehicle interface, and all tom-mounted equipment.

[2] The Spacecraft Core Harness shall typically provide the following interconnection
functions:

a.

b.

c.

d.

e.

f.

g“

h.

i.

120 Vdc Primary Power Distribution

Low Voltage Secondary Power Distribution (typically +28 Vdc)

Command and Telemetry Data Busses

Low Rate Science Data Busses

Time Mark and Frequency Busses

High Rate Data Links

Discrete Signal Wiring

Pyrotechnic Cabling

Fault Grounds

These harness assemblies am mounted to the truss structure.
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Figure 2. Harness Segmentation Diagram

Instrument Harness
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— CERES Harness
Installation

— MISR Harness
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— MODIS Harness
Installation

— MOPllT Harness
Installation
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3.7.2.1.1.2 Equipment Module Harnesses

[1] EM harnesses shall provide all intro- and inter-subsystem electrical interconnections
between and among separately-packaged components within each of the EMs.

[2] EM Harnesses shall interface to the Spacecraft Core Harness via an Intetiace Connector
Panel (ICP).

[3-J The Interface Connector Panels shall be designed to maintain the shielding performance of
the EM structure, as required by PN20008569, while providing the ability to easily remove and
install EMs during I&T.

3.7.2.1.1.3 Instrument Harnesses

[1] Instrument harnesses shall provide all electrical interconnections between and among ~
separately-packaged components associated with a given instrument. This includes the instrument
accommodations equipment as well as the instrument itself.

[2] Instrument harnesses shall interface to the spacecraft core harness via an ICP.

3.7.2.1.2 Interface Requirements

The mechanical interface of the harnesses to the next higher assembly shall be documented on its
fabrication forming board and by photographs of the
structure mock-up.

3.72.2 Signal Reference Plane Characteristics

3.7.2.2.1 Functional Requirements

mock-up harness in its final state on the

[1] The SRP shall provide a large surface area metallic plane which shall be the RF signal
reference ground and shield ground for the Spacecraft.

[2] The SRP shall have a maximum impedance as specified in PN20005869.

3.7.2.2.2 Interface Requirements

[1] The SRP shall be bonded to the node fittings, each instrument ICD, each EM ICP, and the
PPR with a maximum DC resistance as spectled in PN20005869.

[2] The interface of the SIW to the primary structure shall be documented on the Bus Core
Assembly Drawing, ICD20001388.

3.7.2.3 Pyrotechnic Relay Assembly Characteristics

3.7.2.3.1 Functional Requirements

[1] The PRA shall provide relays which pass f~ing current to each of theprimmy and Secondary
EEDs.

[2] The PRA shall provide a latching relay for the Wisarm function in series with a
non-latching relay for the Fire function for each EED.
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3.72.3.1.1 Number of Cinmits

The PRA shall contain ftig circuits for 16 primary and 16 secondary EEDs.

3.7.2.3.1.2 Redundancy

[1] The PRA shall contain
pyrotechnic mechanism.

the ftig circuits for the primary and secondary EED of a given

[2] The primary and secondmy EED ffig circuits shall be armed by separate ground
commands.

3.7.2.3.1.3 Relay Orientation

The Arm/Disarm and Fire relays shall be mounted in perpendicular axes to each other.

3.7.2.3.2 Interface Requirements

The PRA shall be mounted to the primary structure as shown on Bus Core Assembly
20001388.

3.7.2.3.2.1 Commands and Telemetry

Drawing,

[1] The PRA shall respond to the commands required to establish the conllguration of the unit
and to initiate the EEDs.

[2] The PRA shall provide redundant telemetry
Arm/Disarm relays. These signals shall conform to
1S20008501.

3.7.2.3.2.2 Firing Output Signal

signals indicating the position of the
the standard intetiace circuits given in

[1] The fwing output signals shall be routed through a separate connector, segregating those
signals from other types of signals.

[2] The primary and seconda~ fting output signals shall be routed through a separate
connector, segregating the redundant signals from each other.

[3] Each intexface connector shall be capable of 360 degree bonding of the overall cable shield
to the connector shell.

[4] Each fuing output and its return shall be to assigned to adjacent pins on the output connector
to facilitate twisted @r cables.

3.7.3 Flight Software Component Characteristics

There are no EAS requirements allocated to software.
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4 QUALITY ASSURANCE PROVISIONS

The requirements for the formal vetilcation of the performance, design, and construction of the
EAS shall be as specifkd in this section. These requirements define the extent to which the EAS
must demonstrate capability to meet the design and performance requirements specitled in sections
3.2 and 3.3 of this document.

4.1 EAS Verification

Vefilcation of each Section 3.2 and 3.3 requirement shall be petiormed as defined in the
Veri.tlcation Matrix, Attachment A (provided under separate cover).

4.1.1 Verification Phases

Phases shall be either Acceptance or Qualii3cation as defined in PS20005404.

4.1.2 Verification Methods

The following methods shall be used as specified in VM20008636 to verify each of the requirements
in Sections 3.2 and 3.3: Demonstration, Test, Analysis, and/or Inspection. Each method shall be as
defined in PS20005404.

4.1.3 Responsibility for Verification

Astro Space shall verify each requirement spec~led in Sections 3.2 and 3.3 of this document.

4.1.4 Verification Conditions

Ambient test conditions shall be per Table V of PS20005404. Test tolerances shall be per Table VI
of PS20005404.

4.2 Testing

4.2.1 Reliability Testing

Not applicable.

4.2.2 Engineering Evaluation and Test Requirements

Not applicable.

4.2.3 Acceptance testing

Acceptance testing shall be performed on all flight articles to verify workmanship and functionality.
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4.2.3.1 Harnesses

Each harness assembly delivered for acceptance shall have received, as a minimum, the following
tests in the order listed in the following subsections.

4.2.3.1.1 Contact Retention Test

Each rear insertable removable crimp contact (pin or socket) of the harness connectors shall be
subjected to a retention push test following insertion of the contact in the connector insert in
accordance with the Harness Fabrication Standard, 20027775.

4.2.3.1.2 Circuit Resistance Test

The continuity of each conductor and of each shield in the harness assembly shall be determined by
measuring the circuit resistance with an automatic testing machine.

The shell-t~shell continuity of each connector of a harness assembly shall be verifkd by measuring
the resistance between each connector shell and every other connector shell. The measured
resistance shall be less than 1.0 ohm.

4.2.3.1.3 High Potential Withstanding and Insulation Resistance Test

The insulation resistance shall be measumd between each conductor and every other conductor,
between each conductor and every conductor shield, and between each conductor and the conductor
shell. The test shall be performed at a minimum potential of 500 f50 Voltsdc applied for a minimum
of 100 milliseconds and a maximum of 2 seconds. The measured nxistance shall be greater than 100
megohms. A lesser test time maybe used if the measured insulation nxistance exceeds 100megohms
immediately following application of the test voltage and continues to rise.

Concurrent with the insulation resistance test, a high potential withstanding test shall be performed.
Coaxial cables me excluded from the high potential withstanding test. The potential applied shall
be a minimum of 1400 Volts dc. This potential shall be applied for a minimum of 2 seconds and
a maximum of 3 seconds. When the potential is applied, there shall be no electrical breakdown or
arc-over.

4.2.3.1.4 Harness Bake-Out

Each harness assembly shall be subjected to a thermal vacuum bake-out in accordance with the
requirements specifkd in the Contamination Control Plan, PN20001 412.

4.2.3.1.5 Environmental Test

Thermal vacuum, vibration, acoustic, shock, and EMI test requirements of harness assemblies shall
be performed in conjunction with the major assembly and spacecraft environmental tests.

4.2.3.2 Pyrotechnic Relay Assembly

Acceptance testing shall be performed on the second and subsequent units at the test levels defined
in PS20005404, Section 4.
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4.23.3 Electroexplosive Subsystem

The complete EES shall be tested end-to-end at the spacecraft level as part of the Pyro Shock Test
defined in the Comprehensive Test Plan, PN20008664.

4.2.4 Qualification testing

4.2.4.1 Harnesses

Qualification of harness assemblies shall be satisfied by the Protoflight qualification of higher levels
of assembly that include the harness.

4.2.4.2 Pyrotechnic Relay Assembly

Qualification testing of thePRA shall be performed on the fwst flight unit at the Protoflight test levels
defined in PS20005404, Section 4.

4.2.5 Installation Testing and Checkout

The shield integrity of pyrotechnic cables from the ftig relay device to the EED shall be vertiled
by test.

Grounding and bonding shall be verilied by test after harness assemblies have been installed in the
next higher assembly.

4.3 Special Verifications

Any EAS units identified on the limited-life or critical items lists shall be tested in accordance with
the Vefilcation Plan, PN20005404.

4A Verification Documentation

The subsystem veritlcation activities shall be documented in verification reports, test procedures,
test logs, and Test Review Board meeting minutes as defined in PS20005404.
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5 PREPARATION FOR DELIVERY

The EAS equipments shall be handled, package~ and transported in accordance with the
requirements given in the Performance Assurance Implementation Plan, 20005397.

Delivery shall entail a minimum of handling. Gloves shall be worn in accordance with Section 8 of
the Contamination Control Plan, PN20001 412, when handling is required.
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6 NOTES

6.1 Definitions

Bond

Cable

A fixed union between two objects that result in electrical
conductivity between the objects. Such union occurs either from
physical contact between conductive surfaces of the objects, or
from the addition of a fm electrical connection between the
objects.

(1) llvo or more insulated conductors, solid or stranded, of equal
length, contained in a common covering, or (2) two or more
insulated conductors, of equal length, twisted or molded together
without a common covering, or (3) one insulated conductor with
a metallic covering shield or outer conductor (shielded cable or
coaxial cable).

Cable Assembly A cable with all conductors and shields insulated and terminated
to connectors, terminal lugs, or other suitable devices.

Electroexplosive Device The electroexplosive device is the fmt device in an arrangement
of a series of explosive elements which is designed to transform
an electrical input into an explosive Eaction. An electrical
initiator is an example of an EED.

Electroexplosive Subsystem The electroexplosive subsystem includes all components from
the power source to, and including, theEED. Safe and Arm plugs,
relays, and all electrical wiring used to monitor, arm, and fm
ordnance functions are spectilcally included.

Harness Assembly A group of wires, shields, cables, or cable assemblies, or any
combination of these, all insulated and insulated and properly
terminated to connectors, terminal lugs, or other suitable devices
and mechanically held together by ties, straps, clamps, insulating
jacket, or other means so that it can be installed as a single unit for
the interconnection of two or more electrical or electronic
equipments.

Prime Power Reference The ground block on the vehicle structure to which the negative or
neutral of the EPS is connected.

Shield A metallic sheath surrounding one or more wires, cables, cable
assemblies, or a combination of wires and cables that is used to
prwent or reduce the transmission of electromagnetic energy to
or from the enclosed conductors. For this speciilcation, the shield
also includes an insulating jacket that covers the metallic sheath.

43 DCC070693



PS20008636 .
06July1993

w

Signal Reference Plane A large surface area metal plane which provides a low impedance
reference ground.

wire A single metallic conductor of solid or stranded construction,
designed to carry current in an electric circuit but which does not
have a metallic covering, sheath, or shield. For this spec~lcation,
“wire” refers to “insulated elecrnc wire.”

6.2 Acronyms and Abbreviations

ac

AWG

c

C&DHS

CEIS

dc

dB

EAS

EED

EEE

EEs

EM

EMC

EMI

EOL

EOS

EPs

ESD

FDB

GIIS

GIS

GSE

HGA

I&T

ICD

alternating current

American Wire Gauge

Celsius

Command and Data Handling Subsystem

Contract End Item Spec~lcation

direct current

decibel

Electrical Accommodations Subsystem

Electroexplosive Device

Electrical, Electronic, and Electromechanical

Electroexplosive Subsystem

Equipment Module

Electromagnetic Compatibility

Electromagnetic Interference

End of Life

Earth Observing System

Electrical Power Subsystem

Electrostatic Discharge

Fuse Distribution Box

General Instrument Interface Speciilcation

General Interface Specification

Ground Support Equipment

High Gain Antenna

Integration and Test

Interface Control Document
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LSE

MHz

NA

NASA

Pm

PAR

PDU

PPR

PRA

RF

SAD

SMS

sow

SRP

Ssu

TBD

TBR

TBs

TCS

UIID

v

Vs

WCL

Launch Support Equipment

Megahertz

Not Applicable

National Aeronautics and Space Administration

Product Assurance Implementation Plan

Product Assurance Requirements

Power Distribution Unit

Prime Power Reference

Pyrotechnic Relay Assembly

Radio Frequency

Solar Array Drive

Structures and Mechanisms Subsystem

Statement of Work

Signal Refenmce Plane

Sequential Shunt Unit

To Be Determined

To Be Reviewed

To Be Supplied

Thermal Control Subsystem

Unique Instrument Interface Document

volts

VerKlcation Specification

Wire Connection List

6.3 Exceptions to the GIS and GIIS

None

6.4 Requirements Traceability Matrix

Requirements in Section 3 of this specflcation were derived from the source documents shown in
Figure 3 of the Requirements Traceability Matrix, Attachment B (provided under separate cover).

6.5 Command Lkt

The EAS command list is shown in Table VIII.
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Table VIII. EAS Command List

Component Function signalType
BAT 1 Enable Primary Pyro Bus

BAT 1 Disable Primary Pyro Bus RD

BAT 2 Enable Secondary Pyro Bus RD.

BAT 2 Disable Secondary Pyro Bus RD

PRA Arm SAEED IA RD

PRA Disarm SA EED 1A RD

PRA Fire SA EED 1A RD

PRA Arm SAEED lB RD

PRA Disarm SA EED lB RD

PRA Fire SA EED lB RD

PRA Arm SA EED 2A m

PRA Disarm SA EED 2A

PRA Fire SA EED 2A

PRA ArmsAEED2B RD

PRA Disaxm SA EED 2B

PRA Fire SA EED 2B RD

PRA b SA EED 3A RD

PRA Disarm SA EED 3A

PRA Fire SA EED 3A RD

PRA Arm SA EED 3B RD

PRA Disarm SA EED 3B RD

PRA Fire SA EED 3B RD

PRA Arm SA EED 4A RD

PRA Disarm SA EJ3D4A RD

PRA Fti SA EED 4A RD

PRA Arm SA EED 4B RD

PRA Disarm SA EED 4B RD

PRA Fire SA EED 4B RD

PRA Arm SA EED 5A RD

PRA Disarm SA EED 5A RD
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Table VIII. EAS Command L~t (Continued)

I Component [Fimction pgnam’ypel
1 ,

I PRA IFire SA EED 5A I RD I
I PRA lAI-mSAEED5B I RD I

1 I

I PRA IDisarm SA EED 5B RD I
I PRA lFire SAEED 5B IRDI

PRA Ann SA EED 6A RD

PRA Disarm SA EED 6A R.D

PRA Fire SA EED 6A RD

PRA Ann SA EED 6B RD

PRA Disarm SA EED 6B RD

PRA Fire SA EED 6B RD

PRA Arm HGAEED 1A RD

PRA Disarm HGA EED 1A RD

PRA Fire HGA EED 1A RD

PRA Arm HGAEED lB RD

PRA Disarm HGA EED lB RD

PRA Fire HGA EED lB RD

PRA Arm HGA EED 2A RD

PRA Disarm HGA EED 2A RD

PRA Fire HGA EED 2A RD

PRA Arm HGA EED 2B RD

PRA Disarm HGA EED 2B RD

I PRA lFire HGA EED 2B IRDI

I PRA lArm HGA EED 3A ]RDl

I PRA IDisarm HGA EED 3A IRDI
I I

I PRA lFire HGA EED 3A I RD I

PRA Arm HGA EED 3B RD

PRA Disarm HGA EED 3B RD

PRA Fire HGA EED 3B RD

PRA Ann HGA EED 4A RD

PRA Disarm HGA EED 4A m
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Table VIII. EAS Command L~t (Continued)

Component Fhction signal~r
PRA Fim HGA EED 4A RD

PRA Arm HGA EED 4B RD

PRA Disarm HGA EED 4B RD

PRA Fire HGA EED 4B RD

PRA Arm HGA EED 5A RD

PRA Disarm HGA EED 5A RD

PRA Fire HGA EED 5A RD

PRA Arm HGA EED 5B RD

PRA Disarm HGA EED 5B RD

PRA Fire HGA EED 5B RD

Signal Type: RD - Relay Drive

6.6 Telemetry List

Each telemetry point listed in Table IX is provided to the C&DHS via ~dundant signals.

Table IX. EAS Telemetry List

Component IFhnction I Signal me I Bits

BAT 1 _ ~otwhnic Bus Enabled/Disabled D 1

BAT 2 Secondaxy Pyrotechnic Bus Enabled/Disabled D 1

PM SA EED 1A Am/Disarm D 1

PRA SA EED lB Arm/Disarm D 1

PRA SA EED 2A Arm/Disarm D 1

PRA SA EED 2B Arm/Disarm D 1

PRA SA EED 3A Arm/Disarm D 1

PRA SA EED 3B Arm/Disarm D 1

PRA S/l EED 4A Am/Disarm D 1

PRA SA EED 4B Arm/Disarm D 1

PIU ISA EED 5A Ann/Disarm I D I 1

PRA ISAEED 5B km/Disaxm I D I 1
,

PRA ISA EED 6A Arm/Disarm D 1
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Table IX. EAS Telemetry List (Continued)

Component Function Signal me Bits

PRA SA EED 6B Arm/Disarm D 1

PM HGA EED L+ Arm/Disarm D 1

PRA HGA EED lB Arm/Disarm D 1

PRA HGA EED 2A Arm/Disarm D 1

PM HGA EED 2B Arm/Disarm D 1

PM HGA EED 3A Arm/Disarm D 1

PRA HGA EED 3B Arm/Disarm D 1

PRA HGA EED 4A Arm/Disarm D 1

PRA HGA EED 4B Arm/Disarm D 1

PM HGA EED 5A Arm/Disarm D 1

PM HGA EED 5B Arm/Disarm D 1

Signal Type: D - Digital Discrete

-.-..
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1 SCOPE

This spectilcation establishes the performance, design, development and test m@rements for the
High Gain Antenna (HGA) Assembly. These requirements are derived from the EOS Spacecraft
Communication Subsystem Speciilcation.
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2 APPLICABLE DOCUMENTS

2.1 Government Documents

The following documents of the exact issue shown, form a part of this specflcation to the extent
specified herein. In the event of conflict between the documents referenced herein and the contents
of this specfilcation, the contents of this specii7cation shall be considered a superseding requirement.

SPECIFICATIONS:

Federal

Military

MIL-B-5087B
15 October 1964
Int. Amend. 3
24 December 1984

DOD-STD-1OO, Rev. C

Other Government Activity

GSFC STDN No.1O1.2
September, 1988

NHB5300.4

STANDARDS:

Federal

AIWWMIL-STD-1 815A

MIL-STD-1521B
4 June 1985

MIL-STD-889A

Military

MIL-STD-490A
4 June 1985

MIL-STD-975H
30 June 1989

Bonding, Electrical and Lightning Protection for
Aerospace Systems

Engineering Drawing Practice
Notice 1,4 May, 1980
Notice 2,28 Nov 1980
Notice 3, 1 March 1983
Notice 4,4 May 1983

Space Network Users’ Guide, Revision 6

Workmanship Speci.t3cation

Military Standard, Ada Programming Language

Military Standard Technical Reviews and Audits for
Systems Equipments, and Computer Software

Military Standard, Stress and Corrosion Control

Spedlcation Practices

Military Standard, Electrical, Electronic and
Electromechanical Parts List
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MIL-STD-1553B Military Standard, Aircrall Internal Time Division
Command/Response Multiplex Data Bus

MIL-STD-130 Military Standard, Identilcation Marking

MIL-STD-129D Military Standard, Marking for Shipment and Storage

Other Government Activity

CCSDS 301.O-B-1 Recommendation for Space Data System Standards:
January 1987 Time Code Formats, Issue 1

GSFC-73 1-0005-83 General Fracture Control Plan for Payloads Using
November 1988 STS

DRAWINGS:

OTHER PUBLICATIONS:

Regulations

23001146 Con.tlguration Management Requirements for
16 September 1991 Subcontractors

Handbooks

MIL-HDBK-5 Military Handbook Metallic Materials and Elements for
Aerospace Vehicle Structures

MIL-HDBK-17 Military Handbook, Plastics for Aerospace Vehicles

MIL-HDBK-23 Structural Sandwich Composites

Bulletins

2.2 Non–Government Documents

The following documents of the latest issue shown, form a pan of this specification to the extent
specilled herein. In the event of conflict between the documents referenced herein and the contents
of this specillcation, the contents of this specification shall be considered a superseding requirement,
except for higher tier documents.

SPECIFICATIONS:

PN20008633
28 January 1992

1S20008501
15 May 1992

PN20005869
27 July 1992

Software Requirements for Subcontractors

General Interface Specification (ICD 101)

EMI/EMC Control Plan (SEP 106)

DCC1103 4
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15 May 1992

20004280
12July 1991

20008650
23 March 1992

20008648
11 March 1992

WS20008513
19 June 1992

20008661
18 July 1990

Source:

DRAWINGS:

ICD20008513
July 1992

Source:
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Vetilcation Speciilcation (VR.D 110)

Performance Assurance Requirements,
Subcontracts

EOS Program Approved Materials and Processes
List (PA 460)

EOS Program Approved Parts List (PA 325)

Statement of Work, EOS High Gain Antenna

EOS Fracture Control Implementation Plan

General Electric Company
Astro-Space Division
P.O. BOX 800
Princeton, NJ 08543-0800

Interface Control Document, HGA

General Electric Company
Astro-Space Division
P.O. BOX 800
Princeton, NJ 08543-0800
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3 REQUIREMENTS

The High Gain Antenna Assembly shall meet all performance requirements specitled herein under
all combinations of environmental conditions and inputs described and after exposure to the launch
environment described herein.

3.1 Critical Item Definition

The High Gain Antenna (HGA) Assembly provides the major interface between the EOS Spacecraft
and the Tracking and Data Relay Satellite System (TDRSS). The HGA petiorms the function of
TDRSS Return link telemetry transmission at Ku-band. TheHGA also provides an S–bandForward
and Return Link interface between the EOS Spacecraft and the TDRSS. The HGA Assembly will
provide for communications to and from TDRSS using the KSA Return and the SMA and SSA
Forward and Return services.

3.1.1 Item Diagrams

Figure 1shows the HGA Functional Block Diagram. Figure 2 defines the local axes and Spacecraft
axes for the stowed configuration. Figure 3 identiiles the local axes, Spacecraft axes, and elevation
and azimuth rotation limits for the deployed configuration. Figure 4 shows the HGA tracking
positions. The characteristics of each component and the properties of each signal are described in
Section 3.2 of this speci17cation.

3.1.2 Interface Definition

3.1.2.1 Functional Interface

The HGA provides external Spacecraft communications to TDRSS and subsystem interfaces to the
Communications and C&DH subsystems for RF, command and telemetry functions. The TDRSS
communications interface to the HGA are shown in Table I. The Communications and C&DH
subsystem interfaces are described in the following paragraphs.

3.1.2.1.1 Communications Subsystem Interface

The S-band functions of the HGA Assembly shall provide simultaneous transmit and receive
operations. The Ku-band and S–band functions of the HGA Assembly shall be capable of
simultaneous operation. Refer to Figure 1 for a Functional Block Diagram.

3.1.2.1.1.1 TDRSS Ku-band Return Link

The HGA Assembly will be driven from other components of the communications subsystem with
an 882.55 MHz IF signal which has been SQPSK modulated at a 150 Msps rate on each channel.
The HGA will upconvert and transmit this signal at 15003.4 MHz. The HGA will also be supplied
a reference frequency at 1765.1 MHz which shall be used in generating the transmitter LO
frequency.
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Figure 2. HGA Assembly - Stowed Configuration
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The local coordinate system of the HGA shall move with both the AZ and EL rotations of the HGA.
The Spacecraft coordinate system will remain fixed in the orientation shown in this layout.

Figure 3. HGA Assembly - Deployed Configuration
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Table I. HGALink Functional Interface

TDRSS Lhdi Description Maximum
Service Data Rate

KSA Return High Rate Telemetry 150 Mbps
(300 Msps)

SMA Fonvard Low Rate Cmds & Data 1 kbps
SMA Return Low Rate Telemetry 16 kbps

SSA Forward High Rate Cmds & Data 10 kbps
SSA Return Medium Rate Telemetry 272 kbps

3.1.2.1.1.2 TDRSS Ku-band Forward Link (for Calibration Receiver)

The HGA will provide a telemetry signal whose level is a function of the KSA forward link signal
level. The input signal (’TDRSSKSA forward link signal) will have the following characteristics

a. Center Frequency 13.775 GHz * 0.7 MHz

b. Signal Bandwidth 6 MHz (between 1st spectrum zero crossings)

c. Dynamic Range -168 dBW to –153 dBW (TBR-1) referenced to an
isotropic receiving antenna

d. Polarization Left or right-hand Circular

3.1.2.1.2 C&DH Interfaces

The primary command andtelemefry interface to the HGA shall be via redundant MIL-STD-1553B
buses. The redundant busses will be provided on separate connectors. The HGA interface to the
C&DH subsystem is equivalent to a Bus Data Unit as described inIS20008501. The HGA C&DH
interface shall meet the electrical requirements of a BDU interface as described in 1S20008501.
Redundant signals will be provided on separate connectors. The electrical characteristics of all
C&DH interfaces shall be as spectiled in 1S20008501.

3.12.1.2.1 Remote Terminal Interface

The HGA Assembly shall interface to the Spacecraft Housekeeping bus via two MIL-STD-1553B
Remote Terminal (I/T) Interfaces. The Remote Terminal shall be implemented in accordance with
MIL-STD-1553B Notice 2. Implementation within MIL-STD-1553B shall include (see
Paragraph 3.2.1.1.7.7):

a. Subaddtess

b. Mode Code Illegalization

DCC1103 12
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c. Transformer coupled stubs

d. RT Terminal Address Parity

e. Redundancy

3.1.2.1.2.2 RT Terminal Address Assignment

Each of the HGA’s RTs shall be assigned a unique terminal address. RT “X” shall be assigned to
RT address (TBS-1). RT “Y” shall be assigned to RT address (TBS-2).

3.1.2.1.3 Power Systems Interface

The HGA will be provided with two separate, independently fused, isolated power feeds “A” and
“B” with separate isolated power returns. Power feed “A” will be provided on a separate connector
than that of power feed “B.” In the event of a fault, either “A” or “B” or both feeds may be energized
at one time. The normal operating cotilguration will be both “A” and “B” energized at the same
time.

3.1.2.2 Physical Interface

The electrical interfaces of the HGA Assembly shall confomn to the ICD20008513. 1CD200085 13
will define the characteristics for each flight subsystem module submitted by the contractor.

The mechanical interface to the boom shall be located at the gimbal drive. The gimbal drive housing
shall supply a boom mounting flange with a minimum of four attachment points. The gimbal
interface will be defined in detail in ICD200085 13.

In the stowed position the HGA component box will be mounted to the Spacecraft at four points.
The location of these points are defined in detail in ICD200085 13.

3.1.2.2.1 StructurdMechanisms Interfaces

The following parametersare to be specifkd in HGA ICD200085 13.

a. Physical size

b. Mounting requirements and interfaces

c. Electrical connector locations and part number

d. Connector reference designators

e. Method of unit identilcation

f. External finishes

g. Conjuration

h. Weight and center of gravity

i. Moment of inertia (GE Astro will supply tie-down weight and inertia)
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The mechanical interfaces to the EOS Spacecraft occur at the end of the antenna boom which
interfaces to the azimuth gimbal assembly and the launch retention system which interfaces to the
antenna mounted electronics (RF compartment) of the HGA Assembly. There will be four interface
attachments. Responsibility for the boom and the tie down mechanism(s) shall be with GE Astro.
The HGA origin shall be located at the intersection of the gimbal center lines and the coordinate
system shall be oriented as per ICD 20008513.

The minimum information required for GE Astro to analyze the dynamic behavior of mechanisms
and sources of dynamic disturbances is as follows and will be provided by the subcontract

a. Step time

b. Impulse

c. Step frequency

d. Torque versus time profile

e. Linear force versus time profile

f. Angular momentum

3.1.2.2.1.1 Gimbal Drive

The HGA Gimbal Drive interfaces shall perform the following functions for the Spacecraft:

a. Provide a means of interconnecting the HGA boom and HGA reflector.

b. Provide controlled HGA steering in tracking TDRSS in response to commands horn the
C&DH subsystem.

c. Provide a means of measuring each gimbal axis angular displacement and separately
controlling the motion of each gimbal about its axis.

d. Provide the capability to point the reflector within the envelope described in Figure 3.

3.1.2.2.2 Thermal Control Interfaces

The thermal interfaces of the HGA assembly shall include radiative interfaces with the Spacecraft
and conductive interfaces with the HGA booticable harness and structure mounting. These
parameters shall be determined as specified in the following sections.

3.1.2.2.2.1 Radiative Interfaces

The radiative interface between the Spacecraft and the HGA will be determined by GE Astro using
the reduced thermal math models delivered in accordance with this speciilcation. Results of these
analyses will be provided to the subcontractor.

DCC1103 14
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assembly, the HGA boom, and the structure (stowed
conflgumtions) will be limited by the following conditions:

Antema boom temperature
Minimum
Maximum

GDA to boom isolator conductance

Whe bundle conductance

Structm mounting interface to HGA
Minimum
Maximum

3.1.2.2.3 Ground Support Equipment (GSE) Interfaces

-30°c (TBR-2)
+50°C (TBR-2)

<o.3 wa~~”c

(’I13R-2)

<o.05 WaW°C

(TBR-2)

-30°C (TBR-2)
+50°c (TBR-2)

Elecrncal and mechanical ground support equipment interfaces that allow post shipment checkout
of the HGA assembly are defined in Section 3.2.17.

3.1.3 Major Component List

The HGA Assembly consists of the following major items:

3.1.4

HGA Assembly Reflector and Feeds

Gimbal Drive and Cable Wrap Assembly

Antenna Controller

RF Electronics

Primary Structure

Government Furnished Property Lkt

Not Applicable

3.15 Government Loaned Property Lkt

Not Applicable

3.1.6 Customer Furnished Property (CFP) List

Pyres, actuators,and mountingbracketsfor pyro shock testing.
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3.2 Characteristics

3.2.1 Performance

The High GainAntennaAssembly shallprovide thefollowing functionalcharacteristicsthroughout
the speciiled environments unless otherwise specifkd.

3.2.1.1 Electrical Performance

3.2.1.1.1 Ku-band Functions

a. Polarization:

b. Frequency:

c. Power Handling:

d. Coverage:

e. Axial Ratio:

f. Steering Information:

g. EIRP:

Right-hand or left–hand circular, selectable

Specified in Table II

At least 2 dB greater than the maximum
power at the antenna

~25° in azimuth about the earth

pointing (INadir)axis. From –35°
to +95° in elevation from the +X axis.
See Figure 3.

<1.5 dB over 3 dB beamwidth

Program (open loop) track

52.2 dBW minimum over a M1.4°
beamwidth

3.2.1.1.2 Ku-band Earth Power Flux Density

In-band power flux density at the earth’s surface due to the Ku–band transmitter shall be within the
limits defined by Appendix G of STDN 101.2 with the earth grazing angle requirement limited to
1.5 degrees minimum. (TBR-3)

3.2.1.1.3 Ku–band Electronics

TheTransmitterGroupis definedas theupconverters,RFpoweramplifiers,filters,diplexer,antenna
and any otherequipmentwhich is used for TDRSS Ku–band return link operation. The transmitter
group performance characteristics shall be as spectiled in Table II.

3.2.1.1.4 Calibration Receiver

The calibrationreceiver shall be used for calibrationof HGA alignment offsets on orbit, and shall
be able to be commanded ON or OFF.

3.2.1.1.4.1 Output Signal Characteristics

The calibrationreceiver shall have a resolutionof 0.2 dB orgreaterover the dynamicrangespccitled
in Section 3.1.2.1.1.2. The formatof the telemetxyoutputshall be as defined in Section 3.2.1.1.7.6.
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Table IL ‘Ikmnnitter Group Performance Characteristics

Parameter Description

IF Inputcenter frequency 882.5529 MHZ

IF Input level 0dBm*2.5dB

LO Input Frequency 1765.1 MHz

LO Input Level 0dBm*2.5dB

RF Output center frequency (fO) 15,003.4 MHz

Phase nonlinearity (applies 3 degrees maximum over
for all types of phase nonlinearities) (peak) *8O MHZ (TBR+

Gain flatness (peak) 0.3 dB maximum
over *8O MHz (TBR-5)

Gain slope 0.1 dB/MHz maximum over
*8O MHZ

AM/PM 10 deg/dB maximum

Input and Output frequency stability (pm.k) (for reference only)

l–see observation time 3 x 10_9maximum
5–hr observation time 1 x 10_7maximum
~ hr observation time 3 x 1(F7 maximum

Input and Output incidental AM (peak)

At frequencies< 2 kHz 0.6 percent maximum
At frequencies between 3 percent maximum
2 ~Z and 10 kHZ

At frequencies >10 kHz 5 percent maximum

Untracked spurious PM 2 degrees maximum

Minimum 3dB bandwidth prior 300 MHz minimum
to power amplitier

Untracked phase noise (rms) 1.5 degrees maximum
(1 kHz to 150 MHz)
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Table II. lkansmitter Group Performance Characteristics (Continued)

Parameter Description

Transmitfilter bandwidth(afterTWTA)

-3 dB fO*15O MHz

–lodB fO+187.5 ~Z

-20 dB fO@10 MHz

-40dB fO*4O5 MHz

-60 dB fO*715 MHz

Spurious out-of-band s-60 dBc
(including harmonics)

Phase Noise (1 Hz bandwidth) (for ref. only) Input/output

1 Hz <-40 dBc/-22 dBc

10 Hz <-68 dBc/-5O dBC

100Hz <-90 dBc/-72 dBC

1kHz < –97 dBc/–79 dBc

10 Wz <–100 dBc/-82 dBC

150MHz <-168 dBc/–l5O dBc

3.2.1 .1.4.2 System Performance Characteristics

Calibration test output as a function of temperature, pointing offset, and signal strength shall be
included in an open-loop antenna pointing test report with and without operation of S-band.

DCCI103 18



PS20008513
16Oetotxr1992

=

3.2.1.1.5 Ku-band Test Coupler

‘llvo test couplers (one for eachpolarization)shallbe providedto sample theKu-band outputpower
and kject a signal to the calibration~ceiver. The coupling value shall be 40 *1 dB over the
operational frequency and temperatureranges. The coupled port shall have an SMA female
connector and shall be accessible to the contractor. A set of calibrationcurves that characterize
coupling vs frequency andtemperatureshall be provided.

3.2.1.1.6

a.

b.

c.

d.

e.

S-band Antenna

Polarization:

Coverage:

Frequency:

Power Handling:

Bomsight Antenna Gain

Net Gain

e.1. Antenna Gain

f.

El”
h.

3.2.1.1.7

Net Gain

Axial Ratio:

Sidelobe Level

VSWR (50 ohms)

Right Hand and Left Hand Circular

Same as Ku-band Antenna

2106.4 *3.5 MHz (Forward Link)
2287.5 *3.5 MHz (Return Link)

6 W (minimum)

The gain spedled below is the minimum gain
over MI.4 degrees at boresight. The net gain
includes losses through the cable wrap to the HGA
to Spacecraft interface.

Forward Link Return Link

23.0 dBi (TBR-6) 24.0 dBi (TBR-6)

The gain specified below is the minimum gain
over i3 degrees from bomsight. The net gain
includes losses through the cable wrap to the HGA
to Spacecraft interface.

Forward Link Return Link

20.0 dBi (TBR-7) 21.0 dBi (TBR-7)

c 1.5 dB (Forward Link)
(over 3 dB beamwidth)
cl.5 dB (Return Link)
(over 3 dB beamwidth)

-20 dB minimum

s 1.5:1 (Forward and Return)

Antenna Pointing and Control

(TBR-8)

The Antenna Pointing and Control function shall provide the following basic functions:

a. Gimbal control for antenna pointing and tracking

b. Reception and execution of commands from the C&DH subsystem

c. Transmission of telemetry to the C&DH subsystem

d. Control of RF equipment and other components within

19

the HGA assembly
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3.2.1 .1.7.1 Antenna Modes of Operation

lle APC functions shall enter and leave control modes as commanded by the C&DH subsystem.
The following basic gimbal operating modes shall be provided

a. Standby Mode. Upon being commanded into this mode, the antenna shall remain
pointed at its last designated position. This is the mode that the APC function should
enter after initial power up. The TWTA shall be in the standby mode (low voltage only).

b. Operating Mode. Upon being commanded into this mode, the antenna shall respond to
antenna drive commands as defined in Paragraph 3.2.1.1.7.5.2. If no command is
received (or a command calling for zero steps is received) for either axis (or both), the
antenna shall remain pointed at its last designated position about that axis (or both).

c. Survival Mode. Upon being commanded into this mode, the HGA shall enter a mode
where the heater circuits monitor survival temperature limits on the HGA and critical
temperature telemetry is available using the 1553 interface.

3.2.1 .1.7.2 Pointing Accuracy

The pointing accuracy of the HGA assembly RF boresight referenced to gimbal flange shall be as
follows:

cO.15degree

Note: The above accuracy shall include but not be limited to error due to structure and gimbal drive
error, encoder error, themml distortion, control error, and gimbal alignment emor.

3.2.1 .1.7.3 Control of RF and Other Components

The APC function shall provide for control of all components resident in the HGA. This shall
include at least the following:

a. RF Switches

b. HPAs

c. Heaters

d. Selection of Redundant Components

3.2.1 .1.7.4 Embedded Processing Requirements

The APC equipment shall implement the following processing functions as a minimum:

a. Interface with the Spacecraft Housekeeping Busby implementing all the functions of a
Remote Terminal (RT) as speci.tied by MIL-STD-1553B.

b. Host a schedule driven telemetry function to periodically collect telemetry. A default
schedule shall reside in fmware to be executed following a power on initialization.
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c. Pexform an autonomous self-initialization upon application of power.

d. Decode commands received across the MILSTD-1553B data bus.

e. Execute commands received via the MIL-STD-1553B data bus.

f. Perform a health check upon command.

g. Interface with and control a set of I/O interfaces to HGA assembly components.

3.2.1 .1.7.4.1 High Order Language

The embedded processor shall support the execution of code written in Ada, if practical, or the C
programming language as a minimum.

3.2.1.1 .7.4.2 1553 Message Handling

The, embedded processor shall be responsible for initializing and directing the operation of the
MIL-STD-1553 RT. Message routing to/from memory shall be accomplished via subaddress
descriptor blocks setup by the processor and resident in memory. Upon ~ception of a valid
command the RT shall access the appropriate descriptor block and interpret the message transaction
requirements for the command. This shall include: command illegalization, data storagehetrieval
pointer, intenupt conditions, and message status word pointer information.

3.2.LI.7.5 Command Reception and Execution

The APC function shall be able to receive and execute commands sent by the C&DH subsystem.
These commands shall be Serial Commands via the MIIATD1553B Remote Terminal Intetiace.

3.2.1 .1.7.5.1 On-Demand Command Execution

The APC equipment shall be able to issue On–Demand commands to HGA components at a
maximum rate of 10 commands per second. Upon reception of a valid message via the
MIL-STD-1553B Housekeeping Bus, the RT shall interrupt the processor to begin the On–Demand
command execution cycle.

3.2.1 .1.7.5.2 Antenna Drive Commands

The APC shall accept an azimuth command and an elevation command each 512 ms (TBR-9)
interval. Each command will include a field defining the required direction of motion and a field
defining the number of drive steps to be accomplished for the corresponding axis during the next
interval. The gimbal step size is defined in Table III. The APC shall execute the commanded number
of setups with pseud-random spacing spread over the next interval.

3.2.1.1.7.53 Equipment Safety

The HGA design shall be such that no combination of command inputs can cause damage to the
HGA equipment. In particular, the HGA design shall preclude damage if the APC were to receive
azimuth commands and/or elevation commands that would otherwise cause motion beyond the
stops defined in paragraph 3.2.1.2.11.
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Table 111. Gimbal Performance Parameters

(Unless otherwise spectled, values are on a “per axis” basis)

LifeTest PerSOWParagraph4.7.1.7.4

OperationalAngle SeeFigure3

RedundantMums DualStatorsWindingsshallhavethesame
resistanceforusewithcommondesignelectronics.

MaximumRate 1.20°/sec(TBR-1O)

GimbalStepSize 0.0075degreesmaximum

StaticTcrqueMargin Greaterthan3:1margin(200%)

InertialMargin Greaterthan40%

RcmtionaliiCCUIZiCy 2 arc-minutesmaximumcyclicerrorover1
outputrevolution

AxisEncoderResoluthn 14bits(13 bits+ sign bit for gimballocation)

TorsionatResonantMode No frequencyin these ranges:3.4- 4.4 Hz, 7.4- 8.4 Hz,
and 11.2-12.2 HZ(TBR-1O)

3.2.I.L7.6 Telemetry

The APC function shall format and transmit status information to the C&DH subsystem via the serial
telemetry intexface.

Discrete Telemetry shall consist of at least:

a. Necessary status for Survival Mode

Serial Telemetry shall include at least:

a. Unambiguous gimbal positions for both axes

b. Motor currents

c. 13PAcurrents

d. Component temperatures

e. Status flags (e.g., switch positions, Ku-band polarization)

f. Status codes (e.g., gimbal control mode)

g. Calibration receiver output

h. Transmitter power (forward and refleeted)
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The temperature telemeby points shall be defined by the subcontractor and shall include, as a
minimum, monitor points on all active components, tempmture critical components, and major
thermal control surfaces.

The format of the telemetry message shall be (8 Bits Resolution) (TBS-3).

3.2.1 .1.7.6.1 Gimbal Position Telemetry

The gimbal drive mechanism shall include an encoder for each axis. The APC shall provide position
telemetry data at a rate of 1per 256 msec (TBR-11) for each axis. The position output for each axis
shall include a 14-bit word (TBR-12) defting the position of the corresponding axis (i.e., the least
signiilcant bit represents .0.044 degrees). An extra bit shall be included to identify exact gimbal
location and satisfy the unambiguous gimbal position requirement of Section 3.2.1.1.7.6, item 2.
The transitional accuracy of the position outputs shall be M10055 degrees or better over the full
range of angles.

3.2.1 .1.7.7 1553 Bus Operations and Thing

The APC shall implement the 1553bus operations shown in Table IV. Different subaddress numbers
are used to identify the various operations. The transmitheceive bit indicates the direction of data
flow. A “O” means that data flows from the C&DH to the HGA. The nominal message intervals
represent the expected bus trafilc during the time that the HGA is in a normal tracking mode. The
contingency traftlc indicates the operations invoked by abnormal, diagnostic, and mode change
situations. Not all of these contingency operations would be expected to occur at the same time.
The total tra133cover the 1553 bus would be those shown as nominal plus the contingency. Except
for the gimbal control timing (described later), the relative timing between any of these operations
is not determined. Each of the operations is described in the following paragraphs.

a. Real-Time Command (Subaddress 1): These are uplinked commands to be sent
immediately by the C&DH. These will be used primarily to reconfigure and initialize
the APC. However, full commanding capability shall be provided by this operation
including antenna pointing.

b. Load/Dump Data (2): Not required.

c. Onboard Command (3): These messages are generated by the SCC and used primarily
to send gimbal positioning commands. In addition, this operation must provide full
commanding capability.

d. Ancillary Data (4): Not required.

e. SCC OK (5): Not required.

f. Time Code Data (6): Not required.

g. Safe Mode Command (7): Not requixed.

h. Loop Back (9): This operation provides a diagnostic tool. Provision shall be made to
receive and retransmit up to four words.
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Table IV. 1553 Bus Operations

Trans- Mcssage Additional ‘1’ypical
sllh- Name mit/Rec Interval Contingency Data
addr. Bit (Nominal) TMBc ‘Ikansfer REMARKS
(1) Interval (Words)

1 Real-TimeCommand o NIA Intermittent 2 Primarilyconfigurationcommands

2 LoadData o Notrequired

2 DumpData 1 Notrequired

3 OnboardCommand o 512ms Intermittent 2 Gimbalcommandsconfigurationcommands
(TBR-16)

4 AncillaryData o Notrequired

5 SCCOK o Notrequired

6 TimeCodeData o Notrequired

7 SafeModeCommand o — Notrequired

9 LoopBack loro N/A Intermittent 4 Diagnostic

16 SCC ProcessorData 1 256 ms 4 Primarilygimbalencoderdata

17 NormalHousekeeping 1 1.024s 16 Includestemperatures,power,gimbalencoders,APC status
TelemetryData

18 CriticalHealthand Safety 1 8.192 S 4 Prirnarily temperatures
TelemetryData

19 DwellData 1 NIA 48 ms 2 Not applicable

oor31 MaIe Code lor O 256 ins(2) Intermittent NIA See Mode Code,TableV

WYIZS:
1) Decimalnumbers. All remainingsubaddressesare reserved.
2) Representsthe Syncwith DataWordoperation.

.
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Table V. MIPSTD-1553B Mode Code Utilization

l’hilw’hil~eti Mode
Code

Bit
1

I

1 I Oooo1

1 I 00011
1

1 I 00100

1 I 00101
4

I

1 I 00110
I

1 I 00111

-+-t%%
1
,

0 10001

1 10010
m
i

1 I 10011

I
Associated

Function Data
Word

Transmit status word I No

Synchronize (see note 1) I No

Initiate self-test I No

Transmitter shutdown I No

Overnde transmitter shutdown I No

Inhibit terminal flag bit I No

Overnde inhibit terminal flag bit I No

Reset remote terminal No

Transmit vector word (see note 1) Yes

Synchronize (see note 2) Yes

Transmit last command Yes

Transmit BIT word I Yes

Notes:
1. Used on the Low Rate Science Data Bus only.
2. Used on the Command and Telemetry Bus only.

i. SCC Processor Data (16): Shall contain gimbal position data used for onboard control
processing interval between requests will be 256 ms. The format of this data is expected
to be f~ed for the duration of the flight.

j. Normal Housekeeping Telemetry Data (17): Shall contain all telemetry data except for
status flags and codes; this shall include gimbal positions, temperatures, power and
current readings; interval between requests will be approximately one seeond. The
format of this data is expected to be fixed for the dumtion of the flight. Subcommutation
may be required in the message format.
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Critical Healthimd Safety Telemetry Data (18): Shall contain status flags andcodes, and
critical temperatures and currents interval between requests will be approximately 8
seconds. The format of this data is expected to be fixed for the duration of the flight.
The same data points available in this message will be available in the Normal
Housekeeping Telemetry Data message.

Dwell Data (19): Not required.(TBD-l)

Mode Code (O or 31): Most of these operations service 1553 internal operations
according to the standard. The Sync with Data Word provides C&DHS timing
synchronization to the APC at 256 ms intervals. The APC shaIl use this operation to
control its gimbal positions sampling. The Data Word contains values for the C&DHS
major and minor cycles which may be used by the APC for the subcommutation of
telemetty. The Sync with Data Word format is shown in Figure 5. Any subcommutation
may use the major cycle to determine the proper data point.

1553B
Command

Word I RemoteTerminalID O I 10001 I WordCount = N I
o 456 1o11 15

Data
Word

majorcycle count o minor cycle count
012 789 15

Figure 5. Command and Telemetry Bus Synch.roniz~with-Data-Word Message

3.2.1 .1.7.7.1 Gimbal Control Timing

Figure 6 shows the relationship between the C&DH and the APC related to gimbal control. The Sync
with Data Word will be sent every 256 ms with a relative jitter of M1.2ms. This jitter includes the
contingency of one retry operation following a detected emor on the bus. The APC shall use receipt
of the Sync with Data Word to start sampling the gimbal position encoders. The sampling shall be
completed within 32 ms. in order to control the time ambiguity of the data. The APC shall hold this
data until a new sample is taken approximately 256 ms later. The C&DH will request the gimbal
position data by sending a bus tmnsmit request with a subaddress of 16. This may occur between
40 and 88 ms following the Sync with Data word, but once the C&DH schedule is finalized, this time
will be fixed. The interval between reads will have a tolerance of 53 ms.

Positional commands over the bus will occur between 88 and 200 ms. (TBR-13) following the Sync
with Data Word. As with the telemetry read operation, the final schedule will determine the actual
command time. The interval between positional commands will be multiples of 512 ms.
*1 (TBR-16) ms. Command genemtion for any cycle is optionaL The Vendor shall provide the
pseud-random step algorithm for any possible range of steps.
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3.2.1.1.7.7J Bus Retry

The APC shall be prepared to respond to one bus retry-on-error operation following any 1553
command. The retry may appear on either the same or on the opposite bus from the fnt
transmission.

3.2.1 .1.7.7.3 Telemetry Sampling

All periodic telemetry data sent over the 1553 bus shall have been refreshed in the APC since the
previous teleme~ message transmission. This does not apply to data sent twice because of the 1553
bus retry-on+xror.

3.2.1.1.8 Power Characteristics

The High Gain Antenna assembly shall operate in accordance with requirements spectled herein
with a dc power source specifkd in the following and perform correctly when subjected to voltage
regulation and ripple as spectiled in 1S20008501, Para~aph 3.1.

3.2.1 .1.8.1 Direct Current (de) Input Voltage

The dc input voltage shall be 120 *4% Vdc.

3.2.1.1.8.2 Dkect Current Input Power

Direct current (de) input power shall be 165 W maximum for the High Gain Antenna assembly. The
maximum input power for all specit%x.1voltages measured at the HGA assembly interface connector
shall be:

Mode Maximum Input Power

Standby (TBD-2)
Point/Program Track (Open Loop Pointing) (TBD-3)
KSA Mode 165 W
Survival Mode 50 W (TBR-14)

3.2.1 .1.8.3 Input Power Buses

a. The power feeds “A” and “B,” including their respective returns, shall be kept isolated
from each other within the HGA and from command/telemetry signals and associated
returns, RF signals and associated returns, and chassis interfaces. (No return cross-tie
is permitted.)

b. The current from power feed “A” shall always be returned to “Return A“ and the current
from @wer feed “B” shall always be returned to “Return B.”

3.2.1.1.8.4 Input Power Protection

a. Protection shall be provided against load faults via fusing or current limiting such that
no HGA equipment fault shall short out the feed.
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Fuses rated gmterthan 5ampsti stish~be approved by GE Astio. Fuses rated
greater than 10 amps shall not be used.

Fuses rated less than 0.5 amps shall not be used.

All fuses shall be used with a 2:1 derating relative to their expected maximum
steady–state load.

3.2.1 .1.8.5 Load Fault Protection

No HGA component or subassembly failure shall cause the loss or inability to operate any other
component or subassembly on that same feed within the capability of the redundancy and
cross–strapping functions designed in the HGA.

3.2.1 .1.8.6 Input Power Impedance

As identitled in 1S20008501 in Paragraph 3.1.

3.2.1.2 Mechanical/Structural Performance

3.2.1.2.1 HGA Structural Interfaces

The structural interfaces between the HGA and the Spacecraft shall be in compliance with HGA
ICD200085 13.

3.2.1.2.2 HGA Assembly Bulkhead Interfaces

The HGA shall interface to the structure as per HGA ICD20008513.

3.2.1.2.3 HGA Assembly Interface Repeatability

The subcontractor shall provide the capability to remove the HGA and electronics box and replace
it with repeatability at the boom/gimbal interface to within 0.025° (TBR-15) rotational accuracy
and 0.005 inch (TBR-16) planar accuracy.

3.2.1.2.4 HGA Assembly Flange Interface

The HGA gimbal flange shall interface to the HGA deployment boom flange as per HGA
ICD20008513 (refer to Section 3.1.2.2).

3.2.1.2.5 HGA Assembly Dynamic Volume

The HGA dynamic volume allocated by HGA ICD20008513 shall not be violated under the
worst-case environmental dynamic condition.

3.2.1.2.6 HGA Assembly Installation

The HGA shall be installable onto the Spacecraft without requiring disassembly.
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3.2.1.2.7 Reflector Removal

The reflector shall be removable and reinstallable to the accuracy defined in Paragraph 3.2.1 .1.7.2
without special alignment techniques.

3.2.1.2.8 HGA Assembly Harness

The HGA to Spacecraft electrical harness interface location shall be per HGA ICD200085 13.

3.2.1.2.9 HGA Assembly Access

Access to all components and interfaces mounted on or relating to the HGA shall be provided to
facilitate integration and test.

3.2.1.2.10 HGA Assembly Retention

Provisions shall be made to secure the HGA assembly until on+rbit deployment. The release
mechanisms, booms, and boom hinge shall be the responsibility of GE Astro.

3.2.1.2.11 Gimbal Drive Performance

The gimbal drive mechanism shall be capable of high load capability, low weight, “zero” backlash,
high torsional stiffness, and high unpowered holding torque.

The gimbal drive shall be designed to position the nornud of the reflector at any position within the
envelope as defined in Figure 3. The gimbal drive performance characteristics shall be as
summarized in Table III. Hard stops shall be used to ensure the envelope defined in Figure 3 is not
exceeded. The hard stops shall preclude damage to the gimbal assembly.

3.2.1.2.12 Loads

3.2.1 .2.12.1 RF Compartment Design

The RF compartment shall be designed to support the full weight of the antenna dish, gimbal
assembly and all the components housed within during all phases of operation, including I&T,
shipping, launch, and mission operations.

3.2.1 .2.12.2 Acceleration

The amount of acceleration which the HGA assembly experiences during the launch vehicle flight
is a function of the dynamic interactions between the HGA and the EOS Spacecraft structures. The
preliminary design accelerations have been estimated for use in a preliminary sizing of the HGA
structure in a launch configuration (stowed HGA). The HGA struchwe, as a minimum, shall be
designed to the design limit loads specified herein. Limit bad is defined as the maximum expected
flight acceleration. The design limit loads are as follows
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EGA Center of Gravity Design Limit Load and Design Criteria

Design Limit Load 15.0 Gs as per
Table VI (TBR-17)

Minimum Yield Factor of Safety: 1.25

Minimum Ultimate Factor of Safety: 1.4

Margins of Safety: >0.0

Factors of safety to be applied to loads or stresses resulting from the application of the Design Limit
Load:

Yield Load ==1.25 x Limit Load

Ultimate Load = 1.40x Limit Load

It is important to note that response accelerations at extreme points on the stntcture may experience
higher accelerations than the specifkd CG values. The speciiled CG load factor shall b assumed
to act in any direction and shall be applied in the direction that creates most severe internal loads in
the structure. GE Astro shall approve the selected worst-case(s) for a major cofilguration change.

Table VI. Design Lhnit Loads

Design Limit Loads

Load Case x S/c Y S/c z S/c

Case 1 * DLL 0.0 0.0

Casez 0.0 &DLL 0.0

Case 3 0.0 0.0 * DLL

Case 4 *0.58 X DLL + 0.58 X DLL + 0.58X DLL

Note 1. DLL= Design Limit Load
2. For each load case, loads shall be applied in all three axes .

simultaneously and for all loads combinations.

The above design loads are the estimated low frequency transient responses of the HGA CG during
launch vehicle flight and do not include loads caused by simultaneous acoustic excitation (see
Section 3.2.6.2) which may be significant especially for a lightweight structure with a large surface
area such as the HGA dish. The acoustic loads shall be combined with the low frequency transient
accelerations using an RSS method.

The above design loads m specfled at the CG of the HGA assembly. Accelerations at the
extremities of the HGA structure, i.e., HGA dish edge, may exceed the CG design load factor values
given and will be estimated by GE Astro upon receiving the HGA finite element model from the
subcontractor and will subsequently be veri.tied in the coupled loads analysis cycles.
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For test the qu~lcation (Protoflight) test level shall be determined as follows:

Qualification Test Levels = Coupled loads analysis results x 1.25

As a goal, the minimum margins of safety calculated for qual.itlcation test load conditions (using
factors of safety= 1.0) shall not be less than +0.15 and +0.25 for yield and ultimate, respectively.
Should the results of the coupled loads analysis yield loads such that adequate margins of safety are
not maintained during testing, GE Astro will negotiate a potential reduction in the 1.25 factor for
qualification testing. This approach is to be used in order to minimize the mass impacts of designing
to overly conservative loads.

The acceptance (flight) test level shall be determined as follows:

Acceptance test levels = Coupled loads analysis results x 1.0

3.2.1 .2.12.3 Margins of Safety

The structure shall maintain positive margins of safety through all phases of operation. The factors
of safety to be used shall be in accordance with the structural criteria requirements of 1S20008501.

3.2.1 .2.12.4 Launch and Operational Loads

The HGA Structure shall be designed to withstand the launch and operational loads induced by the
following components.

HGA and its deployment system induced loads
Pyro Shock from HGA release/deployment (Refer to the 1S20008501, Section 6)

Note: Deployment system includes deployment hinge, boom, and release
mechanisms.

3.2.1 .2.12.5 Gimbal had Path Bypass

The gimbal mechanism shall be caged for launch. Caging refers to a device that will provide a
mechanical stop for each actuator during launch to ensure that the actuators do not rotate. The
gimbal assembly allowable load capability shall not be exceeded when the launch loads as defined
in Section 3.2.1.2.12.2 are applied.

3.2.1 .2.12.6 Deployed Loads

The maximum on-orbit flight loading shall be 0.015 G at the HGA boom attachment point in the
EOS thrust axis (X axis).

3.2.1.2.13 Stowed Natural Frequency

The minimum HGA (the subcontractor designed electronic box assembly and the dish) natural
frequency, when rigidly supported at the RF component box, shall be equal to or greater than 40 Hz
(TBR-18). Boundary conditions shall be defined in ICD20008513.
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3.2.1.2.14 Deployed Natural Frequency

The minimum vendor supplied HGA assembly deployed natural frequency freed base at the gimbal
flange interface shall be:

2.8 Hz (TBR-19) minimum all axes (including torsional)

3.2.2 Operational Modes

The operational scenario will vary on-orbit but the following definitions shall be used as a basis for
the thermal design of the HGA.

Survival Mode - This mode is a condition where the heater circuits monitor survival temperature
limits on the HGA and critical temperature telemetry is available using the 1553 interface. This
mode could occur for any number of orbits or even days.

Normal Operation:

Program Track – The HGA will continuously program track on either TDRS where a line of sight
exists. Scheduled contact for the KSA service will average 30 minutes per orbit. A contact is defined
as the Ku–band transmitter enabled and the HGA program tracking.

KSA Return Service – The maximum time averaged duty cycle over a sliding window for the
Ku–band transmitter on will be as shown in Figure 7 for any time interval.
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Figure 7. Maximum Time Averaged Duty Cycle (TBR-20)
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3.2.3 Physical Characteristics

3.2.3.1 Weight Lhnits and Mass Properties

3.2.3.1.1 HGA Weight

The weight of the HGA assembly shall not exceed 200 lbs. (TBR-21)

3.231.2 HGA Mass Properties

The radial cg offset of the rotating mass shall not deviate more than 6 inches (TBR-22) from the
assembly origin. The HGA mass properties shall be as defined in ICD200085 13. A detailed mass
properties report shall be provided per WS20008513.

3.2.3.2 Dimension Lhnitations

All dimensions of the HGA assembly
applicable sections of this document.

3.2.3.3 Software Requirements

shall be in accordance with the ICD20008513 and all

Firmware shall be considered software during its development. Fixmwam development ends at the
time Programmable Read-Only Memory (PROM) is installed with the software and the instantiated
PROM successfully passes its acceptance test. hy functionality that is implemented in fmware
must meet the requirements for software as specified in the Software Requirements for
Subcontractors, PN20008633. Computer Software Configuration Items shall be ident~led per
PN20008633, Appendix B. The functional requirements for the HGA assembly software and
fmware are given in the following sections.

3.2.3.3.1 Processor Throughpu~ I/O Bandwidth,and Memory Margins

Dedicated single-function processors for which maximum loading can be precisely computed shall
be sized such that at launch in the worst-case operating modes, the following margins (measured
as a percentage of the total available resources) are maintainect

a. 20% of the instruction execution capacity

b. 20% of the I/O bandwidth

c. 30% of the RAM capacity

No margins are required for Read-Only Memory (ROM) capacity in any processor.
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3.2.3.3.2 CPU, I/0, and Memory Capacities

Dufig development, all software shall meet the following capacity limitations at PDR, CDR, and
FRR.

Capacity Lhnitations

PDR CDR FRR

% of memory capacity used 80% 70% 85% 95%

as allowed in 3.2.3.3.1

% of CPU capacity used 70% 85% 95%

as allowed in 3.2.3.3.1

?ZOof I/O capacity used 70% 85% ~ 95%

as allowed in 3.2.3.3.1

3.2.3.3.3 Software Languages

In order to support good software engineering practices, the following rules shall be applied to all
software language selection:

a. If a validated Ada compiler is available for a particular target processor, Ada shall be the
preferred language for the development of all software for that processor.

b. If no validated Ada compiler is available but a suitable C compiler is available for a
particular target processor, C shall be the preferred language for all software for that
processor.

c. If neither a validated Ada compiler or C compiler is available for a particular target
processor, software for that processor may be developed in assembly language.

d. Where sign~lcant advantage in performance or resource utilization will be realized,
selective use may be made of software developed in assembly kmguage rather than the
preferred language for the target processor. At least 85% of the software developed for
any target processor (measured in Source–Lines of Code) shall be developed in the
preferred progmmming language.

Any exceptions to these rules shall be allowed only by approved waiver.

3.2.3.4 Thermal

The HGA assembly thermal design shall employ passive thermal design techniques (radiators,
insulating blankets, etc.) augmented by thermostatically or proportionally controlled heaters, and
is the responsibility of the subcontractor. The TCS design shall provide for single-fault tolerance.
The thermal design of the HGA shall maintain all HGA com~nent temperatures within their
allowable temperature ranges and ensure the HGA performance is maintained.
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3.2.3.4.1 TCS ~1’dW~

The HGA thermal control subsystem hardware shall meet the requirements defined in 1S20008501,
Section 5.4.

3.2.3.4.2 Thermal Analysis

The subcontractor shall pexform all thermal analyses of the HGA assembly and provide to GE Astro
reduced thermal math models which meet the requirements of Section 3.2.16 for incorporation into
the Spacecraft thermal math model (TMM).

3.2.3.4.3 Orbit Parameters and Environmental Constraints

The thermal design of the HGA assembly shall be based on the following orbit parameters and
environmental constraints which shall be utilized in the vendor thermal math models for mission
orbit analyses:

Orbit altitude 705 km

Orbit inclination 98.2 dt2grtX%
Descending Node 10:30 AM* 15 minutes

local mean solar time

Sun-orbit plane angle (Beta angle)
Maximum 31 degrees
Minimum 13 degrees

Solar constant
Maximum 0.915 watt/sq in
Minimum 0.855 wattisq in

Albedo
Maximum 0.375
Minimum 0.275

Earth IR
Maximum 0.167 watthq in
Minimum 0.138 watt.kq in

3.2.3.4.4 Launch Thermal Environment

The thermal environment during the launch phase will be as spectiled in 1S20008501, Sections 5
and 6. Heater circuits will be “ENABLED” at liftdf.

3.2.4 Reliability

The HGA assembly probability of success (PJ shall not be less than 0.9851 for five years. This shall
be achieved using the pticiples of functional redundancy where applicable. Life shall admss
ground testing, storage and orbit operation. The HGA assembly shall be designed for five years of
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intermittent ground testing and storage. A minimum useful opemt.ing life of 5 years in orbit which
excludes ground testing is required. During this period the HGA assembly shall meet all

requirements speci.iled in Section 3.2. Calculations shall be performed in accordance with
20004280 and shall include all components and assemblies necessary to meet the requirements list
in this document.

3.2.4.1 Failure Modes and Effects Analysis and Critical Items List

A Failure Modes and Effects Analysis (F’MEA)shall be performed to identify potential critical and
catastrophic failures so that susceptibility to failures and their effects can be eliminated. FMEA is
to be performed in accordance with 20004280, Section 7. Catastrophic failures am defimed as
failures that prevent the achievement of mission success. Each single element whose failure would
be catastrophic and can not be eliminated from the design shall be identi13edin a critical items list
in accordance with 20004280, Section 7. Justification for the retention of critical items shall be
provided in the critical items list.

3.2.4.2 Worst-Case Analysis

Worst-case analysis shall be performed for critical parameters or combinations of parameters that
are subject to variations that could degrade Petiormance. The analysis shall set all parameters and
environmental stresses for the operation being evaluated at worst<ase conditions.

3.2.4.3 Part Stress Analysis

Electrical, electronic, and electromechanical parts utilized shall be subjected to stress analysis, for
conformance with the derating policy of MIL-STD-975 or GSFC-PPb19. The analysis shall be
petiormed at the most stressful condition specifkd for each part application.

3.2.5 Maintainability

The HGA assembly shall be designed so that no regular maintenance will be required. Removable
dust covers or other protective devices shall be provided over electrical connectors. Maintainability
factors shall include, but are not limited to:

a. Use of standard parts and tools

b. Interchangeability and replaceability of parts

c. Minimizing the need for adjustment, alignment, and calibration.

The compartment shall allow access for reps.hkplacement of internal parts.

3.2.6 Environmental Conditions

The HGA assembly shall be capable of meeting all requirements of this specification while exposed
to, and after being subjected to, the Protoflight and acceptance environmental conditions noted in
the Veriilcation Specitlcation, PS20005404 as referenced herein. The HGA assembly shall meet all
performance requirements following exposure to test and launch natural and induced environments,
and during exposure to on-orbit environments stated in 1S20008501 as referenced herein.
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3.2.6.1 Pressure

The HGA assembly shall be capable of satisfactory operation in a survival mode at all ambient
pressures from sea level to deep space, 1 x l@ torr.

3.2.6.2 Acoustic Noise

The HGA assembly shall be capable of meeting the requirements of this specitlcation after being
subjected to the acoustic environment specfled in 1S20008501, Section 6.3 for flight testing, and
PS20005404, Section 6.5 for quaMcation testing.

3.2.6.2.1 Random Vibration

The HGA assembly shall be capable of meeting
subjected to the random vibrations specitled in

the requirements of this spec~lcation after being
Table VII. The level is for each of the HGA 3

orthogonal axes. Test durations are defined in PS20005404, Section 4.4.

Table VII. Random Vibration Ikvels

I Preliminary Maximum Expected Flight Level (X, Y, Z Axis)

Frequency Range Power Spectral Density Overall
(HZ) (#/Hz) GRMS

20 0.01
2(L5O +2.73 dllloctave
50-800 0.023

I

(TBR-23) 5.94 (TBR-23)
800-2000 –2.73 dB/octave
2000 0.01

I Preliminary Protoflight Level (X, Y, Z Axis)

I Frequency Range I Power Spectral Density I Overall
(Hz) (G2mz) GRMS

20 0.018
2@50 +3 dB/octave
50-800 0.046

I

(TBR-23) 8.32 (TBR-23)
800-2000 –3 dB/octave
2000 0.018
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3.2.6.3 Shock

The HGA assembly shall be capable of meeting the requirements of this specitlcation after being
subjected to the shock spectrum shown in the 1S20008501 Pamgraph 6.3, and identi.iled in
PS20005404, Sections 4.4 and 6.5.

3.2.6.4 Thermal Vacuum

TheHGA assembly shall be capable of meeting the requirements of this spec~lcation, while exposed
to, and after being subjected to the thermal vacuum requirements stated in PS20005404, Section 6.5.

3.2.6.5 Magnetic Fields

The HGA assembly shall meet all of the magnetic field requirements stated in 1S20008501,
Section 6.2.1.

3.2.6.6 Temperature

The HGA assembly shall be capable of meeting the requirements of this specification while being
exposed to, and after being subjected to, the thermal environments stated in PS20005404 and
1S20008501.

3.2.7 Transportability

The HGA assembly shall be capable of being transported by surface vehicle or commercial aircraft.
The environment experienced by transportation shall be controlled so as to be signiilcantly less
severe than those specified in 3.2.6. The HGA assembly shall be handled in accordance with the
storage, packaging, and delivery requirements of 20004280.

3.2.8 Durability Factors

The HGA assembly shall be capable of withstanding environment conditions specitled in Section
3.2.6 without evidence of physical damage and shall meet the performance requirements of Section
3.2.1. Damage shall be considered to be any change in the HGA assembly or components which
may degrade performance.

3.2.9 Grounding, Bonding, Shielding

As defined in 1S20008501, Section 3.2 and PN20008569.

3.2.10 Redundancy

The HGA assembly shall be designed to be redundant to
reliability specilled in Section 3.2.4. Redundancy shall

the fullest extent required to meet the
include cross strapping of functional

electronic or electrical units within the RF electronics enclosure to achieve single fault tolerance.
The conf@uration and redundancy path selection shall be both controlled and monitored via the
C&DH subsystem control and monitor interfaces.
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3.2.11 Radiation

The EOS Spacecraft shall be subjected to the radiation environments described in 1S20008501. The
HGA design shall include parts, materials, shielding, and circuit hardening techniques so that the
HGA assembly meets all requirements of this specillcation during its mission.

3.2.11.1 Single Event Upset (SEU)

The HGA shall comply with the cosmic ray charged particles and single event latchup requirements
speciiled in 1S20008501, Sections 6.4.7 and 6.4.8.

3.2.12 Plasma Discharge

The HGA shall operate without interruption or induced discharges in the plasma environments
spectiled in 1S20008501, Section 6.4.

3.2.13 Atomic Oxygen

The HGA shall be protected against excessive damage caused by atomic oxygen fluence levels
associated with the 705 km orbit. Materials used to protect the HGA from atomic oxygen shall not
generate contamination products as a result of the interaction with an atomic oxygen environment.

3.2.14 Meteoroid and Space Debris

An analysis shall be performed to demonstmte that the HGA assembly can withstand the meteoroid
and space debris environments specifkd in 1S20008501, Section 6.4. The P~for the HGA assembly
shall be 20.99 for the meteoroidorbital debris environment.

3.2.15 Fhite Element Model (FEM) Requirements

3.2.15.1

a.

b.

c.

d.

DCCI103

Finite Element Model Guidelines

MSCINASTRAN format

A reduced stowed model should be as small as possible and shall not exceed 500 dynamic
degrees of freedom. A full physical model of stowed and deployed shall also be
submitted to GE Astro.

Stowed HGA model should accurately represent all dynamic modes up to 100 Hz when
rigidly supported at the interface between the HGA and its secondary supporting
structures.

The HGA coordinate system must be rectangular with the same orientation as the
Spacecraft coordinate system. Coordinate system definition bulk data cards must be
provided to establish the HGA system. The origin of the HGA local coordinate system
shall be documented in the HGA finite element model documentation.
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h.

i.

j-
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All constraints internal toHGA and output must be in the HGA local coordinate system.
There should be no constraints external to the model upon submittal.

The NASTRAN bulk data deck should not contain BAROR, GRDSET, or PARAM
AUTOSPC NASTRAN Ci@S.

The specification of vector components for element coordinate system definition shall
be used in lieu of referenced grid (i.e., CBAR, CBEAM).

U.S. customary system of units shall be used. All mass data must be input in pounds
(weight) units and converted to mass units (lbs-sec2/in) by using aPARAM WTMASS
card. All length data must be in inches, time data in seconds, and weight data in pounds.

A HGA unique numbering system for all NASTRAN model identiilcation numbers is
to be used (for grids, coordinate systems, elements, property and material Ills as well as
constraint and loading IDs). The grids, elements, properties, and materials IDs shall be
between 70,001 and 79,999 and the coordinate system IDs shall be defined in all
NASTRAN GRID cards. Do not leave blank or default entries in field numbers”3 and
7 of the GRID cards. No ID duplications are allowed.

The NASTRAN model must be capable of representing different dynamic response
characteristics (if any) resulting from planned configuration changes between launch,
and deployment.

Deliverable NASTRAN Model Data

The following data and information shall be supplied in fidfiilment of the requirement of a
deliverable NASTRAN math model:

a. NASTRAN structural math models of the HGA which

1.

2.

define the loads at the HGA support structure interface due to gravity loads and
structural element temperature changes (full model).

are of sufficient detail to accurately represent the dynamic loads at the HGA
support structure interface up to 100 Hz. The reduced math medel submitted
should be able to reproduce within 5 percent the same natural frequencies up to
100 Hz, as the detailed math model. If this requirement cannot be met with less
than 500 dynamic degrees+f-freedom, special arrangements must be made with
GE Astro.

b. NASTRAN BULK DATA deck on tape or floppy disk. Tape should be 9–track and
recorded at 1600 bpi and the data must be formatted in 80-character blocked records.
The methcd of data transferal is negotiable with GE Astro.

c. Description of the model, assumptions made, any special modeling features used, and
rationale for the modeling methodology.
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List of all material properties used in the model (full model).

Provide a description of the dynamic ASET degrees-of-freedom (if used).

Detailed plots of the NASTRAN model clearly showing all grid points, element
numbers, and element types. Hardcopy plots showing element connectivity shall also
be supplied.

Mechanical and functional description of all mechanisms in the HGA assembly modeled
or not.

Copy of the stress analysis report is to be delivered at the vetilcation load cycle.

Deliverable Model Validity Checks

The following computer runs and data checks shall be made and delivered to GE Astro to confirm
the mathematical validity of the model:

a. Static analysis for unit gmvity loading in each of the three axis directions. Sum of
reaction forces in each direction axis from given by this analysis should equal the weight
of the structure as given by this analysis should equal the weight of the structure as given
by the gridpoint weight generator (using PARAM WTMASS card with weight-to-mass
conversion factor to be 0.002588). No large displacements or forces should be
generated.

b. Eigenvalue analysis for modes up to 150 Hz for stowed HGA and 20 HZ for deployed
HGA with the HGA constrained at the HGA/support structure interface. Only those
degrees of freedom actually used to attach the HGA to the support should be constrained
in this analysis.

c. Eigenvalue analysis for the modes up to 150 Hz for stowed HGA and 20 Hz for deployed
HGA in the free–free (unconstrained) condition. This analysis should be made both with
and without the SUPORT NASTRAN bulk-data card. The rigid body modes from the
analysis without the SUPORT card should yield frequencies less than 0.01 Hz for stowed
HGA and 0.00001 HZ for deployed HGA.

d. Static analysis with unit-enforced displacements in all six degrees of freedom at one grid
point. This analysis should yield equivalent unit values of displacement for all grid
points whose displacement coordinate system is defined as being parallel to the input
coordinate system of the refenmced point. In addition, no element forces greater than
0.1 pound of moments greater than 1.0 inch-pound should be observed. A grid-@nt
force balance should reveal no significant forces on any point in the model.

e. Grid-point weight generator (using PARAM WTMASS card) should yield correct
weight, center of mass locations, and moments of inertia.

f. Use of case control command “SPCFORCES-ALL” should revel no constraint forces
at points other than legitimate boundary condition constraint points.
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g. “Epsilon Sub E error check for each static subcase should be less than 1OE-11.

h. Static analysis with a unit temperature increase horn ambient.

3.2.15.4 NASTRAN Model Verification

The NASTRAN finite element mcdel shall be verifkd using the modal testing results. The
NASTRAN model frequency predictions shall agree with dynamic test data to within 5 percent for
the fnt fundamental modes and 10 percent for all other sign~lcant structural modes up to 80 Hz.
A significant structural mode is defined as a mode which possesses the modal weight equal to or
greater than 10percent of the total subsystem weight. A cross-orthogonality check between test and
analytical modes to establish adequacy of a NASTRAN test-veriiled dynamic model may be
required subjected to the conditions speciiled in Section 3.2.15.4.1.

3.2.15.4.1 Modal Survey Testing

A modal survey shall be performed on the HGA assembly to identify resonant frequencies. A
test-vetiled NASTRAN model frequency prediction shall agree with the test data according to
criteria set forth in the previous subsection. A cross-orthogonality check between test and analytical
modes may be nTX@edsubjected to the following conditions:

a.

b.

If the fmt modal frequency is greater than 80 Hz, only the NASTRAN model lowest
frequency must agree with dynamic test data within 5 percent.

If the fnt modal frequency is equal to or below 80 Hz, NASTRAN model must be
verifkd using the ma testing &sults for both frequencies and mode shapes. The
cross-orthogonality check between test and analytical modes is therefore required to
demonstrate adequacy of the modal comlation of the NAS’IRAN test-verifkl model.

If the modal testing is required to determine both modal frequencies and mode shapes, the following
criteria shall be met

Modal Test Success Criteria

Self-orthogonality check between test mode shapes, with respect to the analytical mass matrix, shall
be used as the final test success criteria. The success criteria shall be a maximum of 15 percent
coupling between any test signtilcant mock shapes below 80 Hz. The self-orthogonality check shall
be performed as follows:

{f}Te[M]a {f.} = [ORTHO] {f.} = normalized mode shape

The mode shapes are normalized such that, ORTHO (j,j) = 1.0. Therefore, the test goal for coupling
is that the off diagonal terms ORTHO(i,j) be S0.15.

Modal Correlation Criteria (Cross-Orthogonality Check Criteria)

Modal correlation criteria or cross+rthogonality check criteria between test mode shapes and
NASTRAN-pnxiicted mode shapes, with respect to the analytical mass matrix, shall be used as the
acceptability criteria for the test–verified NASTRAN dynamic model. The success criteria
objective should be better than 90 percent for the same modes (diagonal terms equal to or greater
than 0.9) for the si@lcant structural modes.
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Testing shall be conducted on the HGA in stowed conf@ration rigidly supported at the component
box interfaces.

3.2.16 Thermal Math Models

The subcontractor shall construct a minimum of three math models relating to the thermal design
and analysis of their assembly.

llvo of these models, the surface model and the reduced node thermal model, shall be deliverable
items, as they will be incorporated into GE Astro Spacecraft models for overall Spacecraft analysis.
These models will be updated several times during the design phase of the assembly, and the final
model will be required after thermal balance testing of the assembly has been completed.

The surface models will be incorporated into a surface model of the Spacecraft. This integrated
surface model will be subjected to simulations of various mission thermal environments including
system level testing, launch, transfer orbit, and operational orbit. The principal end-products of the
analysis are the radiation couplings and absorbed heat fluxes. The radiation interchange includes
direct contributions from the sun, albedo and Earth as well as the intra-network reflections and
shadowing of this energy. The radiant flux from solar, Earth infrared, and albedo energy sources,
which is absorbed by each surface, will be computed for each mission mode. The results of this
unifkd environmental flux study will be available for use by the subcontractor for detailed thermal
analysis of the assembly design and flight predictions.

The assembly reduced node thermal model wilI be integrated with the GE Astro Spacecraft thermal
model in order to study the thermal qmnse of the entire Spacecraft when it is subjected to various
environments and modes of operation. The resulting heat transfer and temperatures at the assembly
interfaces will provide the flight prediction boundary conditions for detailed assembly thermal
models.

A detailed thermal math model of the assembly shall also be developed by the subcontractor with
the objective of demonstrating that all internal assembly thermal requirements are met for all
expected mission modes and testing. Although the model itself is not a deliverable item, a nodal
description and the results of the analysis using the model shall be delivered to GE Astro as a test
of the adequacy of the reduced node thermal model and a means of making flight assembly
predictions. The subcontractor shall use the detailed thermal model top~dict and analyze the results
of the assembly level thermal balance test, resulting in a validation of the math model.

3.2.16.1 Surface Model Requirements

a. The reduced sutiace models shall be delivexed in Thermal Radiation Analyzer System
(TRASYS22) format.

b. The models shall be as small as is reasonably possible. The total number of surfaces is
dependent on geometric complexity, but should not exceed 50 surfaces.

c. The surface models shall forma completely closed volume. Even the surface area which
is used for mechanical attachment to the Spacecraft shall be represented by a surface.
For example, a simple rectangular electronics package is represented by six rectangles.
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d. In general, each external node of the assembly reduced node thmnal model and detailed
thermal model shall be represented by a suxface or set of surfaces in the surface model.
Any stuface of special interest (i.e., a radiator) shall be modeled separately.

e. The local coordinate system shall be rectangular with the same orientation as the
Spacecmft coordinate system. The origin of the local coordinate system shall be
documented in ICD20008513.

f. All length dimensions shall be input in inches.

g. Node numbering shall start at 9800.

3.2.16.1.1 Required Deliverable Surface Model Documentation

The following information and data shall be supplied in fulfillment
deliverable TRASYS surface model:

a. A table shall be supplied which lists each sutiace with:

of the requirement of a

1.

2.

3.

4.

5.

A brief description;

The node number in the model;

The area in square inches;

The suxface materials; and

The beginning-of-life and entif-life values of solar absorptivity and IR
emissivity of the surface materklls, including thermal blanket outer layers. The
values of the thermo-optical properties shall include tolerances for uncertainties
and degradation.

b. A sample run of the TRASYS surface model of the assembly shall be supplied, assuming
the worst EOL hot case with the assembly operational. The TRASYS input deck shall
be provided both as a hardcopy and on magnetic tape, and the bulk data shall be provided
on magnetic tape only. The files which shall be included on the tape include
efilename>.INP, cfilename>.LP, and <llename>.BCD. The following are acceptable
formats for transmittal of thermal model input and outputs:

1. If a VMS system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or 6250 bpi, and formatted in 80 character blocked records.
The format may be either the VMS backup save set format, TK50, TK70, or

TA90. If one of the fued formats is not used, the 80 character Ecords shall be
blocked using an optional blocking factor no greater than 50, and the blocking
factor shall be spectiled on the tape.

2. Ifa UNIX system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or 6250 bpi, and formatted in 80 character blocked records.
TAR format shall be specifkxl.
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3. If a Sun UNIX system is used, information shall be transmitted on a TAR file “
written on a 2.3 Gbyte 8 mm cartridge tape, or a 1.44 Mbyte 3 1/2 in. floppy disk.
The transmittal shall be compatible with Sun OS 4.1.1 ora later operating system.

4. Information may also be transmitted on an IBM compatible PC, DOS formatted
1.44 Mbyte 3 1/2 inch floppy disk.

c. Description of the model, any special modeling features used, and the rationale for the
modeling methodology.

d. Detailed geometric plots of the surface model clearly showing all nodes and node
numbers. The coordinate axes shall be clearly marked.

3.2.16.2 Reduced Node ThermaI Model Requirements

The deliverable reduced node thermal model is a reduced version of the detailed thermal model. It
shall provide similar results to the detailed model in the areas of interface heat flow (both radiation
and conduction) and average temperatures of all components modelled.

a. The reduced node thermal model shall be delive~d in Systems Improved Numerical
Differencing Analyzer (SINDA) SINDA85 or SINDA87 format.

b. The model shall be capable of steady-state and transient analysis.

c. The model shall be as small as is ~asonably possible and shall not exceed 50 nodes. The
node numbering sequence allocated for the HGA assembly starts with 9800 and ends at
9850.

d. All length dimensions shall be input in inches. All heat energy data shall be input in
watts. Time units shall be in minutes. The Celsius temperatm scale shall be used.

e. The overall energy ,balance summation of the reduced node thermal model with its
boundaries shall agree with the detailed thermal model to 5°C or better for any set of
boundary conditions and internal power dissipations.

f. The heat transferred by conduction or radiation from node to node of the reduced node
thermal model shall agree with the heat transferred from the corresponding nodes in the
detailed thermal model to within 5°C for any set of boundary conditions and internal
power dissipations.

g. The temperature relationship between each flight temperature sensor and the reduced
node thermal model node which contains the flight sensor shall be provided.

h. Power distribution and time-lines shall be provided for each expected mode of the
mission and for ground testing.

i. Each external node of the reduced node thermal model shall have a one-to-one
correspondence with a surface or group of surfaces from the surface model.
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3.2.16.2.1 Required Deliverable Reduced Node Thermal Model Documentation

The following information and data shall be supplied in fulfiient of the requirement of a
deliverable reduced node thermal model. GE Astro will provide a reduced model of the

surroundings to support the generation of the subcontractor’s model.

a.

b.

c.

d.

e.

f.

A table shall be supplied which lists the following information for each surface modeled
in the TRASYS surface model that appears in the reduced node model:

1. A brief description;

2. The node number in the modefi

3. The area in square inches;

4. The surface materials; and

5. The beginning-of-life and enkf-life values of soku absorptivity and IR
emissivity of he surface materials including thermal blanket outer layers. The
values of the therrrm+ptical properties shall include tolerances for uncertainties
and degradation.

A table shall be provided which lists the node number, a brief description, the mass (lbm),
the spectilc heat (J/lbm/#C), and the relationship to flight temperature sensors. All tables
and lists of data shall have units clearly stated.

A descriptive list of the internal radiation and conduction couplings. Conduction
couplings shall include a description of calculations, including material properties,
assumptions made, and sketches.

Maximum and minimum electrical power consumed and thermal dissipation, if
different. Thermal dissipation for each node for all operating mode (including survival),
duty cycle, and effects of bus voltage variations should be included.

The following information relating to assembly thermal control heaters shall be
supplied.

1.

2.

3.

4.

5.

~pe of control (i.e., ordoff ground command, thermostatic or proportional);

Nodes where heat is dissipated;

The node used for control;

Operating temperature limits; and

Rated power at applied voltage.

A table shall be provided listing the relationship between the external nodes of the
reduced node thermal model and the surfaces of the TRASYS surface model.
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Any engineering assumptions made to reduce the model’s complexity or to enhance the
accuracy shall be stated. Any nodes using adiabatic surfaces or arithmetic nodes (zero
mass nodes) shall be noted.

A table shall be provided which lists the maximum and minimum temperatures for each
node for normal operating conditions, standby mode, and survival.

A sample run with an appropriate orbital environment shall be supplied to provide a set
of reference temperatures that can be compared with the model as it will be used in the
Spacecraft model. In the sample run, the assembly shall be modeled as at normal
operation under hot case end-of-life conditions with a beta angleof31 degrees.

All calculations necessary to analytically verify that the design satisfies the thermal
requirements defined in the GIS and the assembly petiormance spec must be included.
Any assumptions that must be made to facilitate the analysis shall be clearly stated. A
written report including an abstract and a statement of conclusions and/or
recommendations should accompany these calculations.

The SINDA input deck used for the sample run shall be provided both as hard copy and
on magnetic tape, and the bulk data shall be provided on tape only. The ffles which shall
be included on the tape include dlename>.DAT and <Nename>.OUT. The following
are acceptable formats for transmittal of thermal model input and outputs:

1.

2.

3.

4.

If a VMS system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 16000r6250bpi, and formatted in 80 character blocked records.
The format may be either the VMS backup save set format, TK50, TK70, or
TA90. If one of the freed formats is not used, the 80 character records shall be
blocked using an optional blocking factor no greater than 50, and the blocking
factor shall be spccitled on the tape.

If a UNIX system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or6250 bpi, and formatted in 80 character blocked records.
TAR format shall be spcciiled.

If a Sun UNJX system is used, information shall be transmitted on a TAR ffle
written on a 2.3 Gbyte 8 mm cartridge tape, or a 1.44 Mbyte 3 1/2 in. floppy disk.
The transmittal shall be compatible with Sun OS 4.1.1 or a later operating system.

Information may also be transmitted on an IBM compatible PC, formatted 1.44
Mbyte 3 1/2 inch floppy disk.

Guidelines for the Detailed Assembly Thermal Model

The detailed thermal model of the assembly is a mathematical representation of the heat transfemd
within the assembly and exchanged with the assembly’s surroundings. This model accurately
predicts the change in the heat flows and the resulting temperature changes for any alteration in the
environment, internal power dissipation, or any other model parameter.

a. SINDA85 or SINDA87 are the prefemd thermal anaIysis software on which the model
shall be based.
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b. The size of the detailed thermal model is highly dependent on the thermal limits of the
hardware being modeled. As a minimum, the detailed model shall demonstrate that all
defined requirements for temperature and temperature gradients are met.

c. Every critical component or subassembly of the assembly and every flight temperature -
sensor should be represented by a node which adequately predicts its temperature.

d. For convenience, it is recommended that each external node have a one-to-one
correspondence with a surface or group of suxfaces flom the TRASYS surface model.

e. Submodels may be used as required for freer thermal definition of local areas of the
assembly.

3.2.16.3.1 Required Deliverable Detailed Assembly Thermal Model Data

a. A list shall be provided of all nodes and nodal descriptions. Sketches showing how nodes
correspond to assembly components shall be included.

b. Analysis results for all major mission conditions and operating modes considered shall
be provided.

3.2.17 GSE Requirements

3.2.17.1 Electrical Ground Support Equipment (EGSE)

The EGSE test equipment for testing the HGA at GE Astro is intended to provide a reasonable level
of con.fklence that the HGA has survived shipment from the subcontractor to GE Astro. The test
is to be performed by the subcontractor’s personnel (GE Astro support provided as required) with
the subcontractor to provide GSE. The testing should demonstmte a full range of motion of the
gimbal. It should send every HGA command via redundant command paths and verify proper
telemetry response. The test should verify proper operation of all redundant circuitry and/or
components. The test should verify all command and data paths to, from, and between components.
A simple vetilcation of the RF link (power and frequency) shall also be demonstrated (it is
acceptable to use GE Astro GSE for the RF testing). It is not necessary, as part of this test, to verify
proper HGA performance with regard to every requirement. (List of EGSE in SOW.)

3.2.17.2 Mechanical Ground Support Equipment (MGSE)

MGSE shall be provided to allow post shipment checkout of the HGA assembly. MGSE attachment
points will be provided by the vendor. (List of MGSE in SOW.)

3.3 Design and Construction

3.3.1 Materi~ Processes, and Parts

All materials, processes, and parts utilized in the design and construction of the HGA assembly used
on the EOS Progmrn shall be selected and controlled in accordance with 20004280. In addition, all
program approved materials and processes shall be selected and controlled in accordance with the
Program Authorized Materials and Processes List, 20008650. All program approved parts utilized
on the EOS Program shall be in accordance with the Program Authorized Parts List, 20008648.
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3.3.1.1 Approved Standard Par@ Materi~ and Finishes

Wherever possible, approved standard parts and materials shall be used. Approved standard parts,
&rating factors and screening are listed in 20008648. Approved standard materials are listed in
20008650. Approved standard finishes are listcxiin 20008650. Application of materials and finishes
shti be in accordance with 20008650.

3.3.1.2 Approval of Non-Standard Parts, Materials, and finishes

Parts, materials, or finishes which are not approved standard items must be submitted for approval,
as early as possible in the design phase, in accordance with 20004280.

3.3.1.3 Parts, Materials, and Finishes List

A parts, materials and finishes list shall be submitted for approval prior to the Critical Design Review
(CDR). Each item listed shall be keyed to indicate the source of its approval, i.e., by Non-Standard
Parts Approval Form or 20008648.

3.3.1.4 Properties of Materials

For design purposes, material structural properties for metals shall be in accordance with
MIL-HDBK-5 and for plastics, in accordance with MIL-HDBK-17, parts 1and 2. Properties not
given in these documents shall be obtained from other published data or by testing the materials.

3.3.1.5 Stress Corrosion

Metallic materials shall be chosen using the information contained in MILAYIB889A regarding
corrosion protection. In addition, materials that do not meet the requirements of GSFC-SPEC–522
to control stress corrosion cracking shall be considered non standad and a request for their use must
be made in accordance with 20004280.

3.3.1.6 Fracture Mechanics

All structural elements are subject to the fracture control requirements of 20004280. The
subcontractor may use the GE Fracture Control Implementation Plan 20008661 to satisfy these
requirements.

3.3.1.7 Dissimilar Metals

Dissimilar metals, as defined in MIL-STD-889A shall not be used in direct contact unless suitably
protected against electrolytic corrosion.

3.3.1.8 Magnetic Metals

Magnetic metals shall only be used where necessary for HGA assembly operation. Materials used
shall minimize the permanent, induced, and transient magnetic fields. When it is necessary to use
magnetic materials, they shalt be arranged in a manner such as to minimize the resultant residual
dipole.
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3.3.1.9 Finish

The surfaces of the HGA assembly shall be adequately finished to prevent deteriomtion of
performance from exposure to the speciiled environments. Protective coatings shall not chip, crack,
or scale with age or in the extremes of environmental conditions specified herein. No cadmium or
zinc plating shall be used on any components.

3.3.1.10 Lubricants and Sealants

These items shall not be used unless necessary for HGA assembly, and requires prior approval.

3.3.2 Electromagnetic Radiation

The HGA assembly shall be compatible with its specitled operating environment and meet the
requirements of the EOS Spacecraft, as specified by the GE Astro EMVEMC Control Pkm,
20008569. The HGA assembly subcontractor shall supply an HGA EMI/EMC Control Plan in
contractor format which details and documents the EMI design/martufacturing controls employed
in the HGA.

3.3.3 Nameplates and Product Marking

Each item of deliverable hardware shall be permanently marked or tagged in accordance with the
requirements of 20004280. Nameplates, if used, shall be permanently afilxed to the hardware. It
is the responsibility of the subcontractor to make the nameplate easily readable, easily accessible,
and nondetachable. GE Astro will provide serial numbers to be assigned to each component, as
required.

3.3.4 Workmanship

The HGA assembly shall be fabricated and finished in a manner that satisfies accepted criteria of
appearance and neatness. Particular attention shall be given to neatness and thoroughness of
soldering, wiring, marking of ptits and assemblies, welding, brazing and freedom from burrs, sharp
edges and loose materials, and shall be in accordance with [NHB 5300.4].

3.3.5 Interchangeability y

Like components shall be functionally and physically interchangeable without degradation of
critical item functions below limits spcctiled herein. Each component shall be directly replaceable
in foml, fit, and function by other components of the same part number.

3.3.6 Safety

The HGA assembly shall comply with safety requirements of 20004280.

3.3.6.1 Personnel

Personnel safety shall be considered in all phases of the design, manufacturing, testing, and use.
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3.3.7 Human PerformancdIIuman Engineering

The design of the HGA assembly shall consider reasonable standards of human engineering practice
in order to minimize the potential for human error during assembly, handling, test and shipping.

3.4 Documentation

All documentation, spedlcations, drawings, plans, and procedures shall satisfy the requirements
of 23001146.

3.5 Logistics

N/A

3.5.1 Maintemnce

N/A

3.5.2 supply

NIA

3.6 Precedence

The order of precedence shall be as defined in WS20008513.
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4 QUALITY ASSURANCE PROVISIONS

4.1 General

The requirements for the formal veritlcation of the performance, design and construction of the
supplied equipment shall be as specifkd in this section. These requirements define the extent to
which the equipment must demonstrate capability to meet the design and performance requirements
specified in Section 3 of this document. The subcontractor’s Quality Assurance Program shall be
in accordance with 20004280. The subcontractor’s plan shall address materials and processes, parts,
safety and reliability per 20004280.

The requtiments detailed in this section address veritlcation responsibilities, methods, phases,
levels and documentation. Also included are certillcation and implementation mxguirementsand a
requirements versus verflcation cross reference matrix.

For procured items, paragraphs represent the minimum veri.iication requirements. The supplier may
also perform verillcations of selected requirements in additional phases, utilizing additional
methods andor at additional levels than defined herein. Any additional veritlcation shall conform
to the method, phase and level definitions contained herein.

4.1.1 Responsibility for Verification

The subcontractor shall verify compliance with all requirements specifkd in Section 3 of this
document, as modifkd by the Statement of Work.

4.12 Testing Locations

Unless otherwise speciiied in the procurement order, verification shall be conducted at the
Subcontractor’s facility. Post shipment acceptance testing (demonstrating survival of
transportation) shall be performed at the GE Astro facility by the subcontractor. The supplier shall
inform GE Astro of all test schedules; GE Astro reserves the right to witness all veritlcation testing.
GE Astro will not delay a test for witness purposes unless a request for delay is made in writing.

4.13 Special Tests and Analysis

4.1.3.1 Torsional Stiffness Test

The calculated torsional stiffness of each

4.1.3.2 Release Mechanical Test

gimbal drive assembly shall be vetiled by test.

The subcontractor shall be responsible for demonstrating by test the survivability of the HGA
subsystem during actuation of the release mechanisms, i.e., pyro ffig.

4.1.3.3 Random Vibration Analysis

A random vibration analysis shall be performed for any component or assembly that will undergo
random vibration prior to test.
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4.2 Verification Methods

Veriilcation of each Section 3 requirement shall be performed as defined in the vetilcation cross
reference index, Table IX of this speci.tlcation. Each method shall be as defined in PS20005404,
Section 3.2.

4.3 Verification Phases

Verification of each Section 3 requirement shall be performed at each phase speciiled in the
vefilcation cross reference index, Table IX of this spectlcation. Each method shall be as defined
in PS20005404, Section 3.3.

4.3.1 Protoflight Hardware

The HGA assembly used for Protoflight qualifkation shall be tested in accordance with the design
requirements of this spccitlcation and the applicable test requirements stated in PS20005404,
Section 6.

4.3.1.1 Protoflight Test Levels

The Protoflight test levels and durations shall be as spectiled in PS20005404 except as mtiled
herein.

4.3.1.2 HGA Assembly Protoflight Tests

The HGA assembly Protoflight minimum test baseline consists of all the required tests speci.tied in
Table VIII. The flight version of the computer software shall be mident in the HGA assembly
controller for these tests. The requirements for comp~hensive and functional testing shall be as
specifkd in Table ~ and PS20005404, Section 6.5.1. When specflc requtiments in Section 3.2
cannot be directly vetiled, the subcontractor’s vetilcation test plan shall derive the detailed test
requirements.

4.3.2 Flight Hardware

The HGA assembly built as flight hardware shall be tested in accordance with the design
requirements of this specification and the applicable test requirements stated in PS20005404,
Section 6. The fight hardware shall demonstrate successful performance at acceptance levels in
acoustic, vibmtion, and thermal environments as specitied in Tables VIII and IX.

4.3.2.1 Flight Test Levels

The flight test levels and durations shall be as speci.tied in PS20005404 except as modified herein.

4.3.2.2 HGA Assembly Flight Tests

The HGA assembly flight test baseline consists of all the required tests specifkd in Table VIII. The
flight version of the computer software shall be resident in the HGA assembly controller for these
tests. The veriilcation of the operational requirements of Section 3.2.1.1 shall be performed at the
tempemture extremes of the thermal vacuum test.
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4.4

4.4.1

s

Table VIII. HGA Assembly Protofligh~ght Tests (TBR-X)

Test Suggested Sequence(l)

Comprehensive Checkout 1

Gimbal Shaft Encoder 1A

Calibration
EMC 2

Thermal Balance
5(2)

Thermal Vacuum 6

Acoustic Vibration
3(2)

Sine 4

Mass Properties 7

~0 Shock
g(z)

Magnetics 9

Comprehensive Checkout 10

Post Delivery Checkout 11

(@GE Ast.rO)

Notes: (1) Elw~c~ md Mech~ic~ functional tests sh~l be conducted
prior to and following each environmental test.

@J Protoflight test only.

Verification Environment

Test Equipment Verification

Unless otherwise smfled herein, instruments and test equipment used to measure performance
characteristics sha~ have an accuracy equal to or better than one–tenth the tolerance for the variable
to be measured. When conditions prohibit such instrumentation accuracies or when only minimum
or maximum values are speciiied, the measurement limit shall be adjusted to compensate for the
calibration limit of uncertainty.

4.4.2 Verification Conditions

Unless otherwise speci.fkd herein, all verification tests shall be conducted at ambient conditions of
temperature, humidity, and pressure prevailing at the test facility.

4.5 Verification Documentation

The verification process shall be documented by plans, procedures and repoxts. An end item data
package is required for the HGA assembl y. A certillcate of compliance is required with each item
data package. Minimum requirements for this package are speci.fkxl in 20004280. The
Subcontractor shall provide a verii3cation matrix that provides a cross reference between the
requirements of this speei.tlcation and the Subcontractor’s test procedures, inspection records and
analyses.
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5 PREPARATION FOR DELIVERY

5.1 Packaging and Preservation

Upon completion of all tests by the manufactunx, each device shall be placed in an individual
handling container which provides protection at all handling points between the manufacturer’s
final inspection and users final installation. The external packaging for delivery shall insure that
delivery by common carrier shall not result in physical damage, corrosion, or other deterioration or
degradation resulting in unsewiceable devices. All handling, storage, preservation, packaging and
shipping shall be in accordance with 20004280.

5.2 Marking for Shipment and Storage

Interior and exterior shipping containers shall be marked in accordance with MIL-STD-129D and
20004280.
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6 NOTES

6.1 Definitions

6.2 Abbreviations and Acronyms

APc

BDU

BER

BOL

bps

BRF

c

CCSDS

C&DH

CDR

CEI

CG

cm

COMM

CPu
CTIU

dc

d.B
EGSE

EIRP

EOL

EMC

Antenna Pointing and Control

Bus Data Unit

Bit Error Rate

Beginning of Life

bits per second

Band Reject Filter

Celsius .

Consulting Consortium of Space Data Systems

Command and Data Handling Subsystem

Critical Design Review

Contract End Item

Customer Furnished Property

Center of Gravity

Command

Communications Subsystem

Central Processing Unit

Command/Telemetry Interface Unit

Direct Current

decibel

Elecrncal Ground Support Equipment

Effeetive Isotropic Radiated Power

End of Life

Electromagnetic Compatibility
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EMI

EPs
ESD

FMEA

FOV

FS

FSE

i?

GDA

GFE

GHz

GMT

GN&C

GPS

GPS R/P

GSE

HGA

HPA

Hz

ICD

IF

I/o

KBM

Kbps

kHz

KSA

DCC1103

Electromagnetic Interference

Electrical Power System

Electrostatic Dischaxge

Failure Modes Effects Analysis

Field of View

Final Requirements Review

Factor of Safety

Flight Support Equipment

Acceleration of Gravity

Gimbal Drive Assembly. . . . . . .

Government Furnished Equipment

Giga Hertz

Greenwich Mean Time —

Guidance, Navigation, and Control

Global Positioning System

GPS Receiver/Processor

Ground Support Equipment

High Gain Antenna

High Power AmplKler

Hertz

Interface Control Document

Intermediate Frequency

Input/Output

Ku–band Modem

kilobits per second

Kilohertz

Ku–band Single Access
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LNA

LPc
Mbps

Msps

MHz

MLI

MS

NIA

NASA

PDR

P/L

PMO

P,

PROM

Psc

QPSK

RAM

ROM

RF

RPc

RT

SBT

Scc

SMA

SPA

Low Noise ArnpMler

Load Power Conditioner

Megabits per second

Megasymbols per second

Megahertz

Multi-Layer Insulation

Margin of Safety

Not Applicable

National Aeronautics and Space Administration

Preliminary Design Review

Payload

Program Management OffIce

Probability of Success

Programmable Read Only Memory

Premodulation Signal Conditioner

Quadrature Phase Shift Keying

Random Access Memory

Read Only Memory

Radio Frequency

Radio Frequency Interference

Receiver Processor

Remote Power Controller

Remote Terminal

S–band Transponder

Spacecraft Control Computer

S-band Multiple Access

S-band Power Amplfler
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SSA

TBD

TBR

TBs

TCS

TDRSS

TLM

TMM

TR

Uso

VSWR

S-band Single Access

To be determined

To be reviewed

To be supplied

Thermal Control Subsystem

Tracking and Data Relay Satellite System

Telemehy

Thermal Math Model

Tape Recorder

Ultrastable Oscillator

Voltage Standing Wave Ratio

6.3 Miscellaneous Notes

None.

6.4 Requirements Traceability Matrix

Requirements shown in Section 3 and 4of this spectlcation we~ derived from the source documents
shown in the Requtiments Traceability Matrix, Attachment B (provided under separate cover).
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Table IX. Verification Cross Reference Index

Section 3 Section 4

Vcritlcation Hardw’arc
Specification Verification TestCategory lkst

Paragraph Rcquircmcnt Method Phase Category Remarks

3 REQUIREMENTS

3.1 Critical Item Definition N/A

3.1.1 Item Diagrams NIA

3.1.2 Interface Definition NIA

3.1.2.1 Functional Interface NIA

3.1.2.1.1 Communications Subsystem Interface 5,4 C,D 1

3.1.2 .1.1.1 TDRSS Ku-band Return Link NIA

3.1.2 .1.1.2 TDRSS Ku-band Forward Link 5 C,D 1 Cal. Rx.
(for Calibration Receiver) optional

3.1.2.1.2 C&DH Interfaces 3,5 C,D 1

3.1.2 .1.2.1 Remote Terminal Interface 5,4 C,D 1

3.1.2 .1.2.2 RT Terminal Address Assignment 5 C,D 1

3.1.2.1.3 Power Systems Interface NIA

3.1.2,2 Physical Interface 3,4 C,D

— —
Verification Method: VerificationTestCategoryPhase: HardwareTestCategory
1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 LimitedFunctional
4 Demonstration D Protoflight 4 PostDe!heryCheckout
5 Test E IntegratedSystems
NIA NotApplicable F PrelaunchCheckout
TBD (To BeDetermined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Verification TestCategory ‘lkSt

Paragraph Requirement Method Phase CategOry Remarks

3.1.2.2.1 Structure/Mechanisms Interfaces 3 D

3.1.2 .2.1.1 Gimbal Drive 5,4,3 C,D 1

3.1.2.2,2 Thermal Control Interfaces 5,2 D (part of Therms

3.1.2 .2.2.1 Radiative Interfaces 2 D balance/

3.1.2 .2.2.2 Conductive Interfaces 2,5 D TV test)

3.1.2,2.3 Ground Support Equipment (GSE) Interfaces NIA

3.1.3 Major Component List N/A

3.1.4 Government Furnished Property List NIA

3.1.5 Government Loaned Property List NIA

3.1.6 Customer Furnished Property (CFP) List N/A

3.2 Characteristics NIA

3.2.1 Performance N/A

3.2.1.1 Electrical Performance N/A

Verification Method: Verification Test Category Phase: Hardware Test Category
Similarity A Development 1 Comprehensive

: Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrat~d Systems
N/A Not Appiicabie F Preiaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index
(

Section 3 Section 4

Verification Hardware
SpecltlcatIon Verlficatlon TestCategory ll?st

Paragraph Requirement Method Phase Category Remarks

3.2.1.1.1 Ku-band Antenna 5 C,D 1

3.2.1.1.2 Ku-band Earth Power Flux Density 2,5 C,D 1

3.2,1 .1.3 Ku–band Electronics 5 C,D 1,2,3,4 Test category
3: IF and RF

freq, 3 dB BW

3,2.1.1,4 Calibration Receiver 5 C,D 1,2,3,4 Cal Rx
optional

3.2.1 .1.4.1 Output Signal Characteristics 5 C,D 1,2,3,4

3.2.1 .1,4.2 System Performance Characteristics 5 C,D 1,2

3.2.1 .1,5 Ku-band Test Coupler 5 C,D 1,2,3,4

3.2.1.1.6 S-band Antenna 5 C,D 1,2,3 Test category
2: power

handling and
VSWR

3.2.1 .1.7 Antenna Pointing and Control 4 C,D

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Anatysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional

4 Demonstration D Protoflight 4 Post Delivery Checkout

5 Test E Integrated Systems
N/A Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Verification TestCategory Test

Paragraph Requirement Method Phase Category Remarks

3.2,1 .1.7.1 Antenna Modes of Operation 5 C,D 1,2,3,4 Thermal
distortion

test not
included

3.2.1 .1.7.2 Pointing Accuracy 2,5 C,D 1

3.2.1 .1.7.3 Control of RF and Other Components 5,4 C,D 1,2,3,4

3.2.1 .1.7.4 Embedded Processing Requirements 5,4 C,D 1,2

3.2.1 .1.7.4.1 High Order Language 3 C,D

3.2.1 .1.7.4.2 1553 Message Handling 5,4 C,D 1

3.2.1 .1.7.5 Command Reception and Execution 5,4 C,D 1

3.2.1 .1.7.5.1 On–Demand Command Execution 5,4 C,D 1

3.2.1,1 .7.5.2 Antenna Drive Commands 5,4 C,D 1

3.2.1 .1.7.5.3 Equipment Safety 5,4 C,D 1

3.2.1 .1.7.6 Telemetry 5,4 C,D 1

Verification Method: Verification Test Category Phase: Hardware Test Category

1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional

4 Demonstration D Protoflight 4 Post Delivery Checkout

5 Test E Integrated Systems
NIA Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

OJ

Section 3 Section 4

VerltlcatIon Hardware
Specification Verifleation TestCategory lkst

Paragraph Requirement Method Phase Category Remarks

3.2.1 .1.7.6.1 Gimbal Position Telemetry 5,4 C,D 1

3.2.1 .1.7.7 1553 Bus Operations and Timing 4

3.2.1 .1.7.7.1 Gimbal Control Thing 4

3.2.1 .1.7.7.2 Bus Retry 4

3.2.1 .1.7.7.3 Telemetry Sampling 4

3.2.1 .1.8 Power Characteristics 5,2 C,D 1

3.2.1 .1.8.1 Direct Current (de) Input Voltage 3,5 C,D 1

3.2.1 .1.8.2 Direct Current Input Power 2,5 C,D 1,2,3,4

3.2.1 .1.8.3 Input Power Buses 4,5 C,D 1

3.2.1 .1.8.4 Input Power Protection 4,5 C,D 1

3.2.1 .1.8.5 Load Fault Protection 4,5 C,D 1

3.2.1 .1.8.6 Input Power Impedance 4,5 C,D 1

3.2.1.2 Mechanical/Structural Performance N/A

Verification Methcd: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrated Systems
NIA Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX, Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Spccilication Verification TestCategory Test

Paragraph Requirement Method Phase Category Remarks

3.2.1 .2,1 HGA Structural Interfaces 2,3 C,D

3.2.1.2.2 HGA Assembly Bulkhead Interfaces 2,3 C,D

3.2.1.2.3 HGA Assembly Interface Repeatability 2,4 C,D

3.2.1.2.4 HGA Assembly Flange Interface 3 C,D

3.2.1.2.5 HGA Assembly Dynamic Volume 2,3 C,D

3.2,1 .2.6 HGA Assembly Installation 2,3 C,D

3.2.1.2.7 Reflector Removal 2,3 C,D

3.2.1.2.8 HGA Assembly Harness 3 C,D

3.2.1.2.9 HGA Assembly Access 3,4 C,D 1

3.2.1.2,10 HGA Assembly Retention 3 C,D

3.2.1.2.11 Gimbal Drive Performance 5,4 C,D 1

3,2.1.2.12 Loads NIA

3.2.1 .2.12.1 RF Compartment Design 2 C,D

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Anatysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Deiivery Checkout
5 Test E Integrated Systems
N/A Not Applicable F Preiaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Speciftcatlon Verification TestCategory ‘llSt

Paragraph Requirement Method Phase Category Remarks

?.2.1.2.12.2 Acceleration 2,5 C,D Load cases
1,2, and 3

will be tested

).2.1 .2.12.3 Margins of Safety 2,5 C,D Use data from
component

test

),2,1 .2,12.4 Launch and Operational Loads 5 (Pyre) D Pyre:
PFM only

J.2.1.2.12,5 Gimbal Load Path Bypass 2,5 C,D Use data from
component

test

J.2.1.2.12.6 Deployed Loads 2 C,D Test at
component

level

3.2.1.2.13 Stowed Natural Frequency 2,5 C,D Use data from
component

test

3.2.1.2.14 Deployed Natural Frequency 2 C,D Use data from
component

test

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Analysis II Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout

5 Test E Integrated Systems
NIA Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Verification TestCategory lkst

Paragraph Requirement Method Phase Category Remarks

3.2.2 Operational Modes 2 C,D

3.2.3 Physical Characteristics N/A

3.2.3.1 Weight Limits and Mass Properties N/A

3.2.3.1.1 HGA Weight 5 C,D

3.2.3.1.2 HGA Mass Properties 2,5 C,D Test in one
position only

3.2.3.2 Dimension Limitations 3 C,D

3.2.3.3 Software Requirements 3 C,D

3.2.3.3.1 Processor Throughput, 1/0 Bandwidth, 2 C,D
and Memory Margins

3.2.3.3.2 CPU, I/0, and Memory Capacities 2 C,D

3.2.3.3.3 Software Languages 3 C,D

3.2.3,4 Thermal 2,3,5 D Thermal
balance test:
PFM only

Verification Methcd: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrated Systems
N/A Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Verifleation TestCategory lkst

Paragraph Requirement Method Phase Category Remarks

3,2.3.4.1 TCS Hardware 3,5 D Thermal
balance test:
PFM only

3.2.3.4.2 Thermal Analysis 2 D Thermal
balance testi
PFM only

3.2,3.4,3 Orbit Parameters and Environmental Constraints 3 D Thermal
balance test:
PFM only

3.2.3.4.4 Launch Thermal Environment WA

3.2.4 Reliability 2or5 D Life Test
or Qual.

data

3.2.4,1 Failure Modes and Effects Analysis and 2
Critical Items List

3.2.4.2 Worst-Case Analysis 2

3.2.4.3 Part Stress Analysis 2

3.2.5 Maintainability 3 C,D

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrated Systems
NIA Not Applicable F Prelaunch Checkout
TBD (To Be Determined)



Table IX, Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Veritleation TestCategory ll?st

Paragraph Requirement Method Phase Category Remarks

3.2.6 Environmental Conditions 5 C,D

3.2.6.1 Pressure 5 C,D

3.2.6.2 Acoustic Noise 5 D

3.2.6,2.1 Random Vibration 2,5 C,D Random test
on

component
only

3.2.6.3 Shock 1 See Section
3.2.1.2.12.4

3.2.6.4 Thermal Vacuum 5 C,D

3.2.6.5 Magnetic Fields 5 D

3.2.6.6 Temperature 5 C,D

3.2.7 Transportability 4 C,D

3.2.8 Durability Factors 3 C,D

3.2.9 Grounding, Bonding, Shielding 1

Verification Methcd: Verification Test Category Phase: Hardware Test Category

i Similarity A Development i Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acce@ance 3 Limited Functional
4 De;lonstration D Prot&light 4 Post Delivery Checkout

5 Test E Integrated Systems
NIA Not Applicable F Preiaunch Checkout
TBD (To Be Determined)



Table IX. Verification Cross Reference Index

Section 3 Section 4

Verillcation Hardware
Specification Verification TestCategory T&t

Paragraph Requirement Method Phase Category Remarks

3.2.10 Redundancy 2,3 C,D

3.2.11 Radiation 2,3 C,D

3.2.11.1 Single Event Upset (SEU) 2

3.2.12 Plasma Discharge 2

3.2.13 Atomic Oxygen 2

3.2.14 Meteoroid and Space Debris 2

3.2.15 Finite Element Model (FEM) Requirements NIA

3.2.15.1 Finite Element Model Guidelines 3 D

3.2.15.2 Deliverable NASTRAN Model Data 3 D

3.2.15.3 Deliverable Model Validity Checks 2,3 D

3.2.15.4 NASTRAN Model Verification 3 D

3.2.15.4.1 Modal Survey Testing 2,3,5 D

3.2.16 Thermal Math Models 2,3

---

v

1

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Analysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrated Systems
NIA Not Applicable F Prelaunch Checkout
TBD (ToBeDetermined)



Table IX. Verification Cross Reference Index

L

Section 3 Section 4

Vcriflcation Hardware
Spccilication Verification TestCategory Test

Paragraph Requirement Method Phase Category Remarks

3.2.16.1 Surface Model Requirements 2,3

3.2.16,1,1 Required Deliverable Surface Model 3
Documentation

3.2.16.2 Reduced Node Thermal Model Requirements 2,3

3.2.16.2.1 Required Deliverable Reduced Node 3
Thermal Model Documentation

3.2.16,3 Guidelines for the Detailed Assembly NIA
Thermal Model

3.2.16.3.1 Required Deliverable Detailed Assembly 3
Thermal Model Data

3.2.17 GSE Requirements N/A

3,2.17.1 Electrical Ground Support Equipment (EGSE) 3,5 C,D 1

3.2.17.2 Mechanical Ground Support Equipment (EGSE) 3,5 C,D 1

3.3 Design and Construction NIA

3.3.1 Materials, Processes, and Parts 3 C,D

Verification Method: Verification Test Category Phase: Hardware Test Category
1 Similarity A Development 1 Comprehensive
2 Anatysis B Prototype 2 Functional
3 Inspection c Acceptance 3 Limited Functional
4 Demonstration D Protoflight 4 Post Delivery Checkout
5 Test E Integrated Systems
N/A Not Applicable F Prelaunch Checkout
TBD (To Be Determined)
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Table IX, Verification Cross Reference Index

Section 3 Section 4

Verification Hardware
Specification Verification TestCategory ‘l&t

Paragraph Requirement Method Phase Category Remarks

3.3.1.1 Approved Standard Parts, Materials, and Finishes 3 C,D

3.3.1.2 Approval of Non-Standard Parts, Materials, 3 C,D
and Finishes
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1 SCOPE

1.1 Identification

This speci.15cationdefines the requirements for the performance, design, operability, and test for the
solar array assembly (SAA). The SAA shall consist of the hardware outboard of the solar array drive
(SAD), Martin Marietta Astro Space (Astro Space) supplied, which is required to support the solar
array in orbit and launch configurations, and the hardware required to deploy the array from the
launch to the final orbit configuration. This speci.tlcation also covers the solar array substrate,
harness, connectors, and all other electrical and mechanical hardware necessmy to meet the EOS
mission requirements for the SAA, with the exception of the sequential shunt unit (SSU), coarse sun
sensors (CSS) and SSU/SAD harness which are supplied and integrated by Astro Space.
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2 APPLICABLE DOCUMENTS

The exact issue in effect of the documents listed herein forms a part of this spectilcation. Where
differences occur between the specflcation and the documents listed herein, the requirements of this
spectilcation shall apply with the exceptionofWS20008514, Statement of Work for the SAA, which
takes precedence over the specflcation.

2.1 Military Documents

MSFC–SPEC-522B

MIL-STD-975H

MIL-HDBK-217E, Notice 1

MIL-HDBK-17

MIL-HDBK-23

MIL-STD-130B

MIL-HDBK-5

MIL-STD-1576

2.1.1 NASA Documents

CR #BBOOO0883B

GSFC-PPL-19

NHB 5300.4

Design Criteria for Controlling Stress Corrosion

NASA Standard EEE Parts List

Reliability Prediction of Electronic Equipment

Military Handbook, Plastics for Aerospace Vehicles

Allowable Mechanical Properties of Structural
Materials

Identification Marking of US Military Property

Materials for Aerospace Structures

Electro-explosive Subsystem Safety Requ&ments
and Test Methods for Space Systems

Update of Meteoroid and Orbital Debris Environment
Definition

GSFC Prefemed Parts List

Workmanship Requirements

2.2 Non–Government Documents

2.2.1 Martin Marietta Astro Space Documents

WS20008514 Statementof Workfor SAA

1S20008501 General Intetiace Speciilcation for EOS
Spacecraft (ICD-101)

20005869 EMUEMCControlPlan (SEP-106)

PS20005404 EOS Verillcat.ionSpecification (V’RD-l 10)

3 DCC051193



PS20008514 .
07 May1993

MICD20008514

EICD20008514

TICD20008514

20008650A

20004280

ICD20008604

20008648

20008607

20008608

ICD20008669

MICD20008606

Source:

2.2.1.1 Other Documents

ASTM E595-84

Solar Array Mechanical Interface Control
Drawing

Solar Amy Electrical Intexface Control Drawing

Solar Array Thermal Interface Control Drawing

EOS Program Approved Materials and
Processes List (PA450)

EOS Subcontractor Petiormance Assurance
Requirements

Sequential Shunt Unit Interface Control Drawing
(Mechanical, Thermal and Electrical)

EOS Program Approved Parts List

GroundRules and Assumptions for Failure
Modes and Effects Analysis (FMEA) (PA-500)

Ground Rules and Assumptions for Reliability
Assessment (PA-515)

Interface Control Drawing for EOS Spacecraft
Coarse Sun Sensor (CSS)

Mechanical Intetiace Control Drawing for EOS
Spacecraft Solar Array Drive (SAD)

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

Standard Test Method for Total Mass Loss and
Collected Volatile Condensable Material from
Outgassing in a Vacuum Environment (SLOO04577)

DCC051193
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3 REQUIREM~S

3.1 System Functions

3.1.1 Mechanical Functions

The SAA shall performthe following functions for the Spacecraft:

a.

b.

c.

d.

e.

Provide a means of supporting the solar array in a stowed conilguration within the launch
vehicle static envelope. This configuration must be capable of withstanding all handling,
launch, and orbital operations.

Provide a retention and release mechanism which interfaces with the Spacecraft.

Provide a means of deploying the solar array from the stowed to the deployed orbital
configuration.

Provide a means of remaining in the orbital cordlguration and maintaining the solar array
planarity throughout the design life of the Spacecraft under all acquisition and station–
keeping maneuvers.

Provide support for Astro Space supplied components.

3.1.2 Electrical Function

The S~ blanket shall convert incident solar energy to electrical energy at controlled voltage and
power levels. The power generated during sunlight operation is to meet the requirements of
Section 3.3.1.7. This power is to be transmitted to the Spacecraft bus via the SSU.

3.2 Solar Array Assembly Design Requirement

The Solar Array Assembly (excluding the DEU) shall be designed for a service life of 7.5 years for
the orbit as defined in Section 3.2.3. The array shall be sized to provide as a minimum the power
requirements listed in Tables I and II at five years, at an operating voltage of 127.0 Vdc (at the SSU
input) at or below the maximum power point. See Section 3.3.1.7.

The array shall be a single flexible blanket which folds up into a blanket box. The blanket shall be
deployed and supported during its lifetime by a continuous longeron mast. The aspect ratio of the
blanket (length: width) shall not exceed 2.2:1. Retraction of the array is not required but the mast
motor shall be reversible in order to aid deployment of the array if necessary.

3.2.1 Interface Definition

3.2.1.1 Mechanical Interface Requirement

a. The Solar Array MICD20008514 shall be provided by Astro Space to define all
mechanical interfaces to the Spacecraft structure. This MICD provides interfaces to the
Spacecraft for the blanket box assembly, elevation hinge assembly and for any additional
canister support that may be needed. Interface Control Drawings (ICDS) are also
provided for Astro Space supplied equipment to be accommodated by the SAA such as
the SSU ICD (ICD20008604), the CSS I(2’D (ICD20008669) and the SAD ICD
(MICD20008606).
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Table I. EOS Spacecraft Design Facto~ 705 km Orbit, 1015 Nodal Crossing (Fh’e Years)

Day of Year Solar Constant Beta Angle Equiv. Sun Intensity Power Required
Relative to (D%!.) Factofi* at 127.0 V

1 AU* (SSU Input kW)

o

30

45

60

90

120

150

155

180

210

225

240

270

300

330

360

1.0342

1.0307

1.0256

1.0189

1.0024

0.9858

0.9733

0.9718

0.9676

0.9699

0.9740

0.9797

0.9950

1.0121

1.0264

1.0338

27.9

30.6

30.8

30.1

26.4

22.2

20.2

20.1

20.9

23.0

23.9

24.3

24.0

23.4

24.3

27.3

0.9141

0.8877

0.8812

0.8818

0.8977

0.9126

0.9137

0.9126

0.9039

0.8927

0.8906

0.8927

0.9088

0.9290

0.9353

0.9188

4.94

4.90

4.89

4.91

4.96

5.02

5.04

5.04

5.03

5.01

5.00

4.99

5.00

5.01

4.99

4.95

* Solar Constant= l/r2, where r - True Heliocentric Distance

** Equivalent Sun Intensity Factor- l/r2 cos B (no Array Rotational Offset)
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Table II. EOS Spacecraft Design Factors, 705 krn OrbiG 1045 Nodal Crossing
(Five Years)

Day of Year Solar Constant Beta Angle Equiv. Sun Intensity Power Required
Relative to (Deg.) Facto@* at 127.0 V

1 AU* (SSU Input kW)

o

30

60

90

120

150

160

180

210

240

270

300

330

360

1.0342

1.0307

1.0189

1.0024

0.9858

0.9733

0.9706

0.9676

0.9699

0.9797

0.9950

1.0121

1.0264

1.0338

21.0

23.4

22.7

19.1

15.2

13.5

13.5

14.3

16.2

17.1

16.6

16.1

17.3

20.4

0.9655

0.9459

0.9401

0.9474

0.9514

0.9465

0.9437

0.9375

0.9313

0.9363

0.9535

0.9725

0.9799

0.9690

5.03

5.01

5.01

5.05

5.09

5.10

5.10

5.09

5.08

5.07

5.08

5.08

5.07

5.04

* Solar Constant - l/r2, where r = True Heliocentric Distance

** Equivalent Sun Intensity Factor= l/r2 cos B (no Array Rotational Offset)
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b. The SAA shall provide the capability to be integrated to the EOS Spacecraft in the
horizontal mode.

c. The SAA shall provide the capability to be released and deployed during Spacecraft level
testing to verify the operation of the releasdrestrain system and deployment
commands/operationhelemetry.

3.2.1.2 Electrical Interface Definition

The electrical interface to the SAA is to the Sequential Shunt Unit (SSU) mounted on the mast
canister, These interfaces shall be defined in the SAA Electrical Interface Control Drawing
(EICD200085 14) and the SSU Interface Control Drawing (20008604).

3.2.1.3 Thermal Interface Definition

The SAA thermal design shall meet the interface requirements defined in 1S20008501, Sections 5.3
and 5.4 and shall be defined in TICD20008514 and 20008604.

3.2.2 Major Components

The SAA

a.

b.

c.

d.

e.

f.

g.

h.

i.

j.

k.

DCC051193

]hall consist of the following major components:

Blanket Box (Section 3.3.1.7.11 and 3.3.1.8.1)

Solar Panel Assemblies (SPA) forming the Blanket using Gallium Arsenide on
Germanium solar cells (Section 3.3.1 .7.10)

Extendable Mast and Canister Assembly (Section 3.3.1.8.2).

Elevation Hinge Assembly. (Section 3.3.1.8.3).

Release Mechanisms between stowed SAA and Spacecraft secondary structure
(Section 3.3.12).

Pyrotechnic Actuated Devices (Section 3.3.12.1) (Astro Space fumishedand integrated)

Sequential Shunt Unit (Astro Space furnished and integrated) (Section 3.3.1.7.8)

Deployment actuator Electronics Unit (DEU) and Drive Motors (Section 3.3.1.7.9)

Coarse Sun Sensors (CSS) (Astro Space furnished and integrated) (Section 3.3.1.7.3)

SSU/SAD harness (Astro Space furnished and integrated)

All other components required to create
characteristics listed in this spec~lcation.

8

a solar array assembly which has the
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3.2.3 Orbit/Configuration Definition

The SAA shall provide therequhed powerforasun-synchronous orbit of 705 km with a descending
nodal crossing range of 1015 to 1045 am and a 98.2-degree inclination, at the design temperatures
defined in Section 3.3.5.1. This orbit con.tlguration has a nominal sun inclination angle of
22.5 degrees and a sun incidence angle (Beta) ranging from 13.5 degrees to 30.8 degrees, depending
on the nodal crossing (see Tables I and II). The Beta angle does not include a fi.5 degrees (TBR-1)
array pointing error due to the distortion of the mast and blanket. Sunlight duration is 66.2-64.1
minutes and the eclipse duration is 32.7–34.8 minutes. (The nominal orbit period is 98.9 minutes.)

3*3 General Characteristics

a.

b.

c.

d.

e.

f.

g.

h.

3.3.1

The SAA deployed and stowed envelope shall stay within the limits defined in
MICD20008514 (Solar Amy Mechanical Interface Control Drawing)

All composite structures and bonds shall be proof tested to 1.25 times the flight limit
loads.

The Solar Array shall supply power to the SAA-SSU interface at a voltage of 127.0 Vdc
at the design temperatures defined in Section 3.3.5;1.

Telemetry for the purpose of monitoring the SAA status shall be provided
(Section 3.3.1.7.3).

Protection of the SAA from the effects of atomic oxygen shall be provided.
(Section 3.3.5.4)

Adequate protection for the Gallium Arsenide on Germanium solar cells fkom charged
particle degradation and ultra-violet radiation encountered during the operational
lifetime shall be provided by the use of coverglasses.

Environmental protection from the effects of glow discharge, and erosion arising from
the plasma shall be provided. (See Section 3.3.5.6)

Thermal control of the SAA shall be achieved by passive techniques involving the use
of multi–layer blankets and thermal finishes (excluding DEU which shall in addition use
survival heaters, if required)

Performance Characteristics

The SAA will have the performance characteristics outlined in this section.

3.3.1.1 Alignment

3.3.1.1.1 Alignment Reference

The deployed solar array alignment ~ference shall be relative to the SAD rotational axis. The SAA
shall allow for shimming at the SAD interface. An alignment cube shall be provided which will
allow the measurement of the array blanket box position to the SAD interface. The alignment cube
shall be visible when the SAA is in the stowed position. The subcontractor shall provide the
measured data to Astro Space with delivery of the SAA.

9 DCC051193
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3.3.1.1.2 Alignment Budget

The subcontractor shall take into account all off-pointing of the array from the sun in sizing the ama
of the blanket.

The blanket box shall be aligned to the centerline of the SAD intexface within 0.5 degrees (TBR-2).
In addition, misalignment of the SAA pointing of 5.5 degrees due to SAD emor shall be allowed for.
The total torsional off-pointing of the SAA shall therefore be 6.0 degrees. This shall be in the
torsional mode and will therefore not add to the Beta angle.

The deployed array mast + blanket off-pointing due to bowing shall not exceed 3.5 degrees
(TBR-1) This shall be in the planar mode and will therefore add to the Beta angle.

3.3.1.13 Thermal Dktortion

When fully extended the change in alignment of the SAA shall not exceed the capabilities of the
substrate tensioning mechanism.

A detailed thermal analysis shall be petiormed to verify that mast and blanket distortions due to solar
heating and cooling are within the acceptable values. The analysis shall consider worst-case mast
deflections and distortions caused by shadowing due to normal operations. The inputs for this
analysis shall be supplied by Astro Space (Date (TBD-1)).

Design, analysis, and test shall consider the effects of both static and cyclic thermal stresses on the
SAA under stowed, deployment, and deployed conditions. The design and analysis shall include
the worst+ase thermal conditions as predicted by the TMM (Appendix I).

3.3.1.1.4 Solar Snap Disturbance

Thermal distortion transfer rates (solar snap) at the time the SAA passes the penumbra between the
sunlight and eclipse portions of the orbit shall not generate a disturbance force impulse (directed
along any axis) greater than 8 x 10-4 pound-seconds referred to the blanket center of mass. Solar
snap shall not generate a disturbance torque impulse greater than 0.04 inch-pound-second about the
SAA rotation axis.

The subcontractor shall define the magnitude and direction of the solar snap disturbance force
impulse, assuming that the SAA is oriented to the sun in accordance with paragraphs 3.2.3 and
3.3.1.1.2 at the time of passage through the penumbra. The subcontractor shall verify their estimate
of the solar snap disturbance force impulse by a combination of analysis and coupon test. The test
procedure shall be approved by Astro Space.

3.3.1.1.5 Aerodynamic Drag

The SAA during deployment shall withstand the aerodynamic drag forces associated with a density
of up to 0.14 x l&10 (TBR-3) kilograms per cubic meter with the blanket at an angle of attack up
to 10 degrees with respect to the air stream.

DCC051193 10
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The fully deployed SAA during transfer orbit (perigee passage) shall withstand the aerodynamic
forces associated with a density of up to 1.0 x 10_]O(TBRA) kilograms per cubic meter with the
blanket at an angle of attack of up to 90 degyees with respect to the air stream.

3.3.1.2 Mast Deployment Motor Torque Margin

The motor shall provide the necessary torque to extend the mast and the SAA and all necessary
harness in all environments with the electrical power drawn by the motor and the DEU not to exceed
70 watts average under normal operating conditions (TBR-5). The minimum torque available shall
be three times the required torque to overcome all dynamic and frictional forces.

3.3.1.2.1 Deployment Time

The maximum time for full second–stage deployment of the SAA shall not exceed 15 minutes
(TBR+) based on the worst-case thermal conditions as predicted by the TMM (Appendix I). For
the elevation time for the hinge assembly see Section 4.8.4.2.

3.3.1.3 Impact Torque

The impact torque/moment applied at the SAD interface shall not exceed 335 in-lb.

End of mwel deployment rate for the EHA shall not exceed 1 degree per second.

3.3.1.4 Latching

A.Ulatching devices on the SAA shall have positive torque margins of at least three times that of
frictional torques imposed during the latching operation. Latches shall have a preload sufficient to
prevent any deadband and maintain the required stifl%essof the army during all attitude control
maneuvers.

3.3.1.5 Mechanical Redundancy

Moving mechanical functions shall be accomplished redundantly whenever practical. All
deployment limit switches shall be redundant.

3.3.1.6 Life

3.3.1.6.1 Operating Life

The SAA (excluding the DEU) shall meet the requirements of the specification after five years of
in-orbit operation. In addition the SAA shall be required to be able to produce power for the
Spacecraft after 7.5 years of in-orbit operation. All consumables that are part of the solar array shall
be provided in quantities that are consistent with the life requirement specii3ed. The DEU, and all
associated motors and sensors, are required to survive one month of in-orbit operation.

3.3.1.6.2 Storage Conditions

The SAA shall meet all the requirements of this speci.tication after gnmnd storage at +23°C (+lO°C)
and a maximum relative humidity of 50!%for a period of 7.5 years.

11 DCC051193
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3.3.1.7 Electrical Requirements

3.3.1.7.1 SAA Sizing

The SAA shall be sized to meet the worst<ase degradation factors listed in Table III and will meet
the power requirements given in Tables I and II as a minimum at five years, at the design
temperatures defmedin Section 3.3.5.1. (The operating voltage at the SSU input is to be 127.0 Vdc).

3.3.1.7.2 Power Analysis

a. On-Station Power Calculations

A power analysis shall be supplied showing the BOL and five year power calculations
at different orbital configurations (e.g., 1015 nodal crossing and 1045 nodal crossing)
and for the worst-case and best-case seasonal variations as defined in Tables I and II.
The input for this analysis will be: .

1. BOL average performing cell data based on the measured characteristics of the
actual cell type to be used (Measurement of these characteristics shall have been
performed under accepted NASA conditions and will be performed on qual~led
production or ~pe Approval Test cells.)

2. The worst+tse andnorninal temperatures for BOL and five years (demonstrated
by analysis). See Section 3.3.5.1

3. Loss factors as defined in Table III for five years to include degradation due to
the radiation fluence calculated from the environment as defined in
Section 3.3.6.1. and random failures as calculated from the reliability
requirement as defined in Section 3.3.3.

The output shall be in the form of cell, SPA and SAA level I–V curves for all cases as
described above, clearly showing the maximum power and the usable power at the
interface voltage with the SSU. (In order for this to be performed, a voltage drop analysis
shall be produced showing the expected ohmic losses between the end of the cell strings
and the SSU for various mission phases). A separate output shall also be performed to
determine the maximum short circuit current of a circuit under greatest sun intensity and
highest temperature at BOL using the BOL Loss Factors in Table III.

b. Power Calculations for Ground Flasher Testing (Absolute Power Performance Test)

A power calculation shall be performed for the output expected on the ground at AMO
illumination (as defined in Section 4.8.2) and 28°C from an SAA that satisfies the
m@.rements of 3.3.1.7.1. This value, once accepted by Astro Space, will be the
acceptance criteria against which the buydf takes place. (For test details see
Section 4.8.2.)
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Table III. Loss Factors to be Ud- for Power Calculations

Loss Factor Acceptance Bol 5 Yrs
Test Best Case

Cell Mismatch 0.98 1.0 0.98

Interconnect 0.98 0.98 0.98 (TBR-7)
Resistance

Calibration Error 0.98 1.02 0.98

w Loss 1.0 1.0 0.975

Cover darkening 1.0 1.0 0.995

Mierometeoroids/Orbits.l Debris 1.0 1.0 0.98 (TBR-8)

Array Off-Pointing 6.0° (TBR-2)
(Torsional)

Array off-Pointing 3.5° (TBR-1)
(Planar)

Plasma 1.0 1.0 0.99

Radiation A

Random Failures B

a. Radiation Degradation due to the fluence as calculated from the
environment spccifled in Section 3.3.6.1.

b. Margin for random failures is to meet the reliability requirement of
Section 3.3.3.

Note: Planar angle losses add to Beta Angle
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3.3.1.703 Telemetry

The SAA shall have two short circuit sensors one mounted on the outer panel and one on the inner
panel. Each sensor shall have a load resistor across it (subcontractor responsibility) which yields a
potential difference of c350 mV when the sensor is at 1AMOillumination, at the highest operational
temperature. The SAA shall have two open circuit voltage sensors one mounted on the outer panel
and one on the inner panel. All solar cell sensors shall be of the same specit3cation used for power
generation on the SAA and shall be supplied and mounted by the subcontractor on the blanket of
the SAA. Four temperature sensors (supplied by subcontmctor) shall also be mounted at or near each
sensor cell by the subcontractor to measure the temperatures. These shall be 5 kohm thermistors
rated for 1 mA. The wiring between the sensors and SSU interface shall be the responsibility of the
subcontractor.

The SAA shall provide the mounting area and the mounting support for four coarse sun sensors
(CSSS), to be supplied by Astro Space. These shall be mounted by Astro Space on the ends of the
blanket box base. Each CSS and mounting must be within the allowable area as defined in
MICD20008514. The intexface shall be defined by ICD20008669.

The wiring from the CSS to the SSU shall be the mqxmsibility of the subcontractor. Redundant
shielded twisted-pair wiring shall be used.

The Elevation Hinge Assembly shall include redundant telemetry that will indicate position during
deployment (with a tolerance of MO% or less, after initial calibration) and when latching of the SAA
during the fmt stage of deployment has occumxi. The wiring from the elevation hinge assembly to
the SSU shall be the responsibility of the subconmactor.

The Blanket Box shall include redundant telemetxy to indicate when Box separation has occurred.

The Deployment actuator Electronics Unit (DEU) shall provide redundant telemetry to indicate the
rate of deployment of the mast from the canister with a tolerance of HMo or less (after initial
calibration). The DEU shall also provide redundant telemetry to indicate when the blanket final
deployment tension has been reached; the signal shall be used by the DEU and shall halt the
deployment motor. The mast deployment motor(s) shall contain two temperature sensors to be fed
into the DEU. The sensors shall generate temperatu~ telemetry with a tolerance of H% or less (after
initial calibration). The DEU shall also provide redundant telemetry to indicate motor direction and
the motor selected (i.e. mast deployment motor or blanket-box separation motor). The DEU shall
also provide redundant telemetry to indicate the operating status (enable or disable). The wirhg
from the telemetry to the SSU via the DEU shall be the responsibility of the subcontractor.

Figure 1 shows the quantity and position of the SAA telemetry.
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32.1.7.4 Capacitance

The capacitance of each circuit at the SSU interface shall be between 75 nF and 150 nF when the
circuit is switched at 200 kHz. This shall be veri.fkd by analysis and test. The subcontractor shall
supply a mathematical model of the circuit.

3.3.1.75 Inductance

The inductance of each circuit at the SSU interface shall be between 20 mH and 40 mH when the
circuit is switched at 200 kHz. This shall be veriiled by analysis and test. The subcontractor shall
supply a mathematical model of the circuit.

3.3.1.7.6 Impedance

The impedance of each circuit shall be calculated by analysis and verifkd by test. The subcontractor
shall supply a mathematical model of the circuit.

3.3.1.7.7 Reverse biasing

The SAA electrical and thermal performance shall not be degraded by reverse biasing of solar cells
caused by shadowing or partial fracture. This requires each cell either to be individually reverse bias
tolerant or bypass diodes to be used across one or more cells (to be verified by analysis) in order to
limit the reverse biasing. The subcontractor shall perform a worst-case reverse bias analysis using
actual cell test data as an input to justify the design decision.

A reverse current screening test (RCST) shall be pexformed on all cells if the cimuit design does not
use bypass diodes. The RCST test plan and procedure shall be included in the cell specillcation and
shall be approved by Astro Space.

3.3.1.7.8 Sequential Shunt Unit (SSU)

The SSU (responsibility of Astro Space) shall be supported by the SAA. The subcontractor is
responsible for the mounting’ support structure for the SSU. The definition of the mechanical
interface shall be the responsibility of Astro Space as defined by the SSU Interface Control Drawing
(ICD20008604).

The dimensions of the box will be documented in the SSU ICD20008604.

The mass of the box will be 97 lbs (88 lbs + 107ocontingency). The SSU will dissipate a maximum
of 40 Watts of heat into the SSU mounting intetiace. The SSU mounting interface shall not exceed
50°C under any conditions. The SSU shall be mounted by the subcontractor so that the SSU radiator
plate is facing away from the sun and perpendicular to the deployed blanket normal. The therrnaI
control for the SSU will be provided by Astro Space. The thermal interface between the SSU and
the SAA shall be controlled in the SSU ICD20008604.

The SSU shall be mounted by Astro Space after SAA delivery. A mass model of the SSU and
SAD/SSU harness shall be provided by Astro Space to the subcontractor for testing purposes.
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3.3s.7.9 Deployment Actuator Electronics Unit. (DEU)

The DEU shall perform the control and monitoring of the deployment of the may. The DEU shall
interface electrically with the SSU defined by SSU Electrical Intetiace Control Drawing (20008604)
and Appendix III. The maximum consumption of the DEU (before and after deployment) shall be
10 W at a supply voltage of 120 V. The DEU shall receive the deployment commands and a
redundant protected 120 V power supply from the SSU. All other voltages required for SAA
telemetry and/or deployment motor shall be converted by the DEU from the 120 V supply
(subcontractor responsibility). The deployment telemetry horn the DEU shall go directly into the
SSU. The electrical harnessing between the DEU and SSU shall be subcontractor responsibility.

The DEU shall inhibit the mast deployment motor until the blanket-box separation has been
completed. This interloek shall be able to be overridden in the event of failure that would otherwise
prevent the mast deployment motor from operating. The DEU shall also accept and execute the
command to override the end+f+eployment signal in the case of fai.hm that may prevent full
extension of the blanket.

Redundant circuitry shall be used in order to meet the reliability ~quirement of 3.3.3. TheDEU shall
be designed so that the redundant circuits cannot be in the enable state simultaneously.

The design, manufacture, testing, and integration of the DEU shall be the responsibility of the
subcontractor.

Thermal control shall be accomplished by a passive thermal finish or blanket, and the use of survival
heaters (if required) to maintain minimum temperatures.

The SAA shall preferably be of a design that enables the DEU not to be required after deployment
of the blanket.

The command and telemehy list for the DEU shall include:

Commands

Name
DEU enable
DEU disable
Select blanket box motor
Select mast motor
Motor Forward
Motor Reverse
Motor Stm
Motor Stop
End of deployment limit switch override (enable)
End of deployment limit switch override (disable)
Mast motor inhibit override (enable)
Mast motor inhibit override (disable)

Type
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2
Refer to Figure 2

Qty
2
2
2
2
2
2
2
2
2
2
2
2
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Telemetry

Name

Mast Motor Temperatu~
Mast Rate of Deployment
Blanket Box Separation Sensor status
End of Deployment Sensor status
Elevation Hinge Position
Elevation Hinge Latch status
DEU convertor output
Motor direction status
Select blanket-box separation
motor status
Select mast deployment motor status
End of deployment limit switch
override status
Mast motor inhibit override status

Range UP
&lmA Refer to Fig 3
0-5 v Refer to Fig 4
0-5 v Refer to Fig 6
0-5 v Refer to Fig 6
0-5 v Refer to Fig 4
&5V@ O-10mA Refer to Fig 5
0-5 v Refer to Fig 4
&5 v Refer to Fig 6
O-5V@ O-10mA Refer to Fig 5

O-5V@ O-10mA Refer to Fig 5
O-5V@ O-10mA Refer to Fig 5

O-5V@ O-10mA Refer to Fig 5

Qty

2
2
2
2
2
2
2
2
2

2
2

2

3.3.1.7.10 SAA Blanket

The blanket shall consist of modular Solar Panel Assemblies (SPA). A minimum of 24 panels shall
be fully populated with active solar cell circuits in order to meet as a minimum the power
requirement in Tables I and IL The substmte for the SPA shidl be flexible and composed of one or
more kapton layers to which electrical laydown on one side shall occur using an adhesive that meets
the requirements of 3.4.1. Reinforcement and protection of the kapton shall be introduced where
necessary in order for the blanket to meet a 7.5 year lifetime for the specifkd environment. The
design of the SPA shall be proven by thermal cycling of a Q-board as speci13edin 4.8.3.1.

The blanket design shall be such that the operating temperature of the solar cells is minimized. This
shall be accomplished by use of thermal coatings on the rear of the blanket where necessary.

The blanket design will be such that dark I-V testing is possible while the blanket is under pre-load
compressive force in the blanket box.

The mechanism for tensioning the blanket shall be preferably a passive device i.e., not requiring
power from the Spacecraft or requiring the activation of the Mast Deployment Motor.

The blanket design must incorpmate the magnetic moment requirement of 3.3.6.2.

The Flat Copper Cabling (FCC) harness along the sides of the blanket shall be designed for possible
power growth of up to 28 circuits.

3.3.1.7.11 Blanket Box

When the SAA is ready for deployment in-orbit the blanket box shall be separated by releasing the
mechanism that holds the top and base of the box together. The release shall be accomplished by an
electrically redundant motor. Redundant telemetry shall be provided to show when separation has
successfully occurred.
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The Junction boxes mounted on the blanket box shall be designed to take up to 28 circuits.
Harnessing between the Junction boxes and SSU shall also be designed for up to 28 circuits as shown
in ICD20008604.

3.3.1.8 Mechanical Requirements

3.3.1.8.1 Blanket Box

The blanket box shall be composed of a top and base, the functions being twofold:

a. To hold the blanket under a pre-load compmsive force in the stowed conilguration in
order for the SAA to survive the launch environment. The pre–load compressive force
in the stowed conllguration shall be accomplished by the use of a pre-load mechanism
between top and base of the box. The force shall be measurable at.periods during storage.

b. To act as attachments at either end of the blanket in the deployed cotilguration. The force
applied by the tension mechanism between the top and base shall provide sufficient
blanket tension to maintain the minimum deployed blanket natural frequency. (Sections
3.3.1.7.11 and 3.3.2 .3.1.)

3.3.1.8.2 Mas~ deployment motor and canister assembly

The mast shall be continuous longeron members which shall be driven by redundant motors to
provide the necessary torque to extend the mast and the SAA. (Section 3.3.1.2). The mast
deployment motor shall be powered and controlled by the DEU (Section 3.3.1.7.10) and shall
include the ability to be reversed by the DEU in order to aid deployment of the army if necessmy.
The mast diameter and length shall be sized for the growth capability of the blanket of up to
30 panels.

3.3.1.8.3 Elevation Hinge Assembly

The elevation hinge shall connect the base of the canister to the SAD and shall provide the
articulation for the initial phase of deployment. After the holdowns between blanket box and
structure have been released by the ftig of pyrotechnic initiators, the hinge shall rotate the SAA
until latching occurs. Telemetry shall be provided on the hinge assembly (subcontractor
responsibility) for an end-of~eployment signal and position during deployment. This telemetry
shall interface electrically with the SSU (Astro Space SSU ICD 20008604). Provisions shall be
made between the SAD and SSU for routing and tie-down of the SSU-SAD harness including any
intenmxliate connectors. The harness shall be the nxponsibility of Astro Space as defined in
EICD200085 14. The SSU–SAD harness shall be mounted by Astro Space after SAA delivery. A
mass/stiffness model of the harness shall be provided by Astro Space for the subcontractor for testing
purpose.

Minimum torque available shall be three times the required torque to overcome all frictional forces
to achieve deployment and latch–up.
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The elevation hinge assembly shall be designed for a blanket of up to 30 panels.

3.3.2 PhysieaI Characteristics

3.3.2.1 Mass Properties

3.3.2.1.1 Mass

The maximummass of the SAA shallnot exceed 353 Ibs. This mass allocation does not include the
SSU, 97 lbs; SSU to SAD harness,5 lbs (TBR-9); or CSS units, 51bstotal (for 4 units) (TBR-1O);
but includes all SAA hardware up to and including the interface with the SAD.

3.3.2.1.2 Center of Mass

a. The center of mass of the stowed SAA (including SSU, CSS, and Hinge harness) shall
be:

X - 0 i 1.0 inches (TBR-11)
Y --18.5 * 1.5 inches (TBR-12)
Z= +45.0* 1.5 inches (TBR-13)

referenced from the SAD interface and using the Spacecraft coordinate system.

b. The center of mass of the deployed army (including SSU, CSS, and Hinge harness) shall
not exceed 217 inches (TBR-14) in the -Y direction referenced from the SAD interface.

3.3.2.1.3 Center of Pressure

The center of pressure shall be defined as the radial distance from the centroid of the projected area
of the array assembly in the plane of the deployed blanket to the EOS Spacecraft origin (x axis).
The maximum center of pressure distance shall not exceed 303 inches.

3.3.2.2 Size

The SAA including the SSU and CSS (both Astro Space supplied) shall fit within the stowed and
deployed envelopes defined in MICD20008514 (Solar Array Mechanical Interface Control
Drawing).

3.3.2.3 Darnping

The damping coefficient used in the design for all of the stowed solar array flexible modes shall not
exceed 0.15%.

3.3.2.3.1 Stiffness

The stowed array shall have a minimum stowed frequency of 35 Hz. The frequency shall be
calculated at the primary structure and SAD interface, as defined in MICD200085 14, using the
identical boundary conditions assumed for flight.

DCC051193 20



PS20008514
07May1993

c
The deployed array shall have a fust torsional blanket mode in excess of 0.16Hz. The deployed array
shall have a fwed base bending blanket mode calculated fkom the SAD interface in excess of
0.19 Hz.

3.3.2.3.2 Inertias

The vendor shall provide moments of inertia and center of mass of the deployed/stowed SAA
relative to Spacecraft coordinate reference frame with respect to the SAD Interface.

3.3.2.4 Strength

3.3.2.4.1 Finite Element Model (FEM) Requirements

Refer to Appendix II.

3.3.2.4.2 Design Loads

Refer to 1S20008501 Section 4.9.1,6.3,6.4.

3.3.2.4.2.1 Launch Loads

The launch CG load factors (preliminary transient loads) am

X s/cd6.6g, Y s/cd6.6g, Z s/cd7.6g

The three load components act simultaneously. Note that the response acceleration at the solar array
exmme points maybe higher than those at SAA CG point. Acceleration at the array extreme points
shall be verified by coupled loads analysis.

During launch, the SAA is subjected to mechanically transmitted (structure-borne) random
vibrations through the Spacecraft primmy structure as well as the direct airborne acoustic
impingement on the SAA structure. All components of the SAA shall be designed to the
environments as specifkd in this document. Structure-borne random vibration levels are speciiied
at the Spacecraft truss node interfaces and are defined in Table IV. Random vibration levels for
components mounted on the SAA structure are a function of mounting structure dynamic
characteristics. The random vibration levels for those components shall be established based on an
envelope of the structure-borne random vibrations and vibro-acoustic responses of the mounting
structure due to direct air-borne acoustic excitations (ref. Section 6.3 of 1S20008501). A method
(with approval of Astro Space) shall be used to develop the random vibration levels. Random
vibration analysis is required but random vibration testing is not required.

The loads generated during launch at the elevation hinge to SAD interface shall not exceed the values
shown in the SAD MICD20008606.

Three axis sine vibration testing of the SAA will be required in order to verify the sinusoidal
component of the launch environment. In addition to the above quasi-static design loads, the SAA
must be capable of withstanding the sine vibration environment as specfled in Table V
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Table IV. Maximum Expeeted Flight Level Random Vibration for SAA

Frequency Range (Hz) Power Spectral Density

(All three axes) (G2/Hz)

20 0.012

20-50 +3 dB/Octave

50-800 0.03

800-2000 -3 dB/Octave

2000 0.012

Overall 6.72 ~s

Notes:

1. Protoflight test duration is one minute

2. Random vibrations are specifkd at the truss node interface for each of three axes.

3.3.2.4.2.2 Deployed Loads

The maximum on-orbit loading shall be 0.015 g at the cg and applied in the Spacecraft thrust axis
(X axis). The SAA shall withstand this load when rotated to any angle about its rotation axis.

3.3.2.5 Stress Corrosion

A stress corrosion cracking analysis shall be pexformed, if applicable, on each component per
MSFC-SPEC–522B, Design Criteria for Controlling Stress Corrosion.
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Table V. Qualification Level Sinusoidal Sweep Vibration Test Levels for SAA

Spacecraft X (Thrust) Axis

Frequency Protoflight Levels
(Hz) (g)

5-7 0.5 inches Double Amplitude

7-50 1.2

Spacecmfl Y and Z (Lateral) Axis

Frequency Protoflight Levels
(’Hz) (g)

5-9 0.5 inches Double Amplitude

9-50 2.0

Notes:

1.

2.

3.

4.

5.

6.

Qualification levels depict 1.25 times maximum expected flight levels and apply to
Protoflight hardware.

Test axes am in spacecraft coordinate axes.

It is acceptable to use one–Hertz-wide acceleration ramps for changing test “g” levels
attest acceleration profile steps, provided the plateau frequent y bandwidths depicted
above are maintained.

Sweep rate for Protoflight hardware is 4 Octaves/Minute.

Equipment mounting to the vibration test fixture shall be similar to the installation to
the flight spacecraft, including any interface thermal washers, kinematic mounts or
other mounting hardware. All mounting fasteners, preloads and locking features shall
be similar to the flight installation. Test input levels shall be applied at the Spacecraft
side of the kinematic mounts (i.e., the interface between the kinematic mounts and
spacecraft primary structure).

If required, the vibration test levels shall be notched so as not to exceed 1.25 times the
final design loads cycle results, as determined by low–level sweep prior to the
Protoflight level test in each axis.
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3.3.3 Reliability

The SAA mechanical reliability shall have aProbability of Success (1%)of 0.999930 afterfive years
in orbit. The SAA electrical reliability shall have a Ps of 0.999999 after five years in orbit. This
calculation shaI1include all components and assemblies necessary to meet the ~quixements listed
in this document. Factors affecting these calculations shall include:

a.

b.

c.

3.3.3.1

The SAA shall meet the power requirement as speci.lZedin Tables I and II at five years
at an operating voltage of 127 Volts at or below the maximum power point.

Rotational drives, deployment mechanisms, and retention assemblies shall be included
in the Ps calculations.

Failure rates for each element and failure mode shall be defined.

Reliability Assessment

A reliability assessment is required for the EOS Spacecraft to evaluate various design conilgurations
and assess the probability that the EOS mission will be successful.The subcontractor shall perform
a reliability assessment in accordance with the EOS Subcontractor Performance Assurance
Requirements, 20004280. This assessment shall use the methodology and guidelines found in
Astro Space’s Ground Rules and Assumptions for Reliability Assessments, 20008608.

3.3.3.2 Failure Modes and Effects Analysis (FMEA) and Critical Items List (CIL)

A FMEA shall be performed to identify potential failure modes, the susceptibility of
subcontractor-delivered flight hardware to these failure modes, and the effects these failure modes
will have on the operation of the subcontractor’s flight hardware on the EOS mission.

A CIL shall be maintained by the subcontractor throughout the EOS program.

The subcontractor shall perform the FMEA and CIL in accordance with the EOS Subcontractor
Performance Requirements, 20004280. The FMEA shall use the methodology and guidelines found
in Astro Space’s Ground Rules and Assumptions for Failure Modes Effects Analysis (FMEA),
20008607.

3.3.3.3 Worst-Case Analysis

Worst-case analysis shall be performed for critical parameters that are subject to variations (of
individual parameters or combinations of parameters) that could degrade performance. The analysis
shall set all parameters and environmental stresses for the operation being evaluated at worst-case
conditions and shall have adequate design margins. Worst-case thermal analysis shall consider the
effects of worst-case possible combinations of array orientation, sohrradiation, albedo, earthshine,
eclipse conditions, ascent conditions, and degradation of thermal surfaces over the life of the
mission.

No design changes shall be initiated due to the results of the worst-case abnormal operational
analysis without prior Astro Space approval.
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3.33.4 Parts Strwss Analysis

Electrical, electronic, and electromechanical parts utilized for the panel assemblies shall be
subjected to stress analysis, for conformance with the derating policy of MIL-STD-975H and
GSFC-PPL-19. In the event of conflict MIL-STD-975H shall take precedence over
GSFC–PPL-19.

The analysis shall be performed at the most stressful condition specifkd for each part application.

3.3.4 Maintainability

The SAA shall require no maintenance during the specified operational lifetime and storage period.

3.3.5 Environmental Conditions

3.3.5.1 Temperature Limits

Temperature limits are defined to be the minimum and maximum temperatures and the maximum
temperature gradients of critical components of the SAA under normal operating conditions..
Critical components are defined as those components whose failure could affect the performance
of the SAA or the Spacecraft. All critical components shall be shown by test and analysis (Critical
Components Lifetime Analysis) that they will meet the worst+mse temperatures and the specified
number of thermal cycles for 7.5 years.

Temperate limits are to be detenn.ined by Astro Space and by the Subcontractor. Astro Space shall
be responsible for defining the worst-case operating scenarios and the subcontractor shall be
responsible for developing thermal models and performing thermal analyses.

The following temperature values shall be used for design, qualiilcation, Protoflight, and acceptance
testing: (The worst-case temperature prediction shall include thermal analysis uncertainty, which
shall be determined by the subcontractor and approved by Astro Space. This thermal analysis
uncertainty shall comprise a minimum of 5°C and shall account for uncertainties associated with the
low earth orbit environment and with thermo-optical and physical properties of materials. The array
shall be designed to provide the required on-orbit power at the design temperature. This level of
performance shall be vetiled during both quali.tlcation and acceptance testing.)

thermal analysis uncertainty included in predicts= (TBD-2),
greater or equal to ti°C

design - worst-case predict

acceptance - worst-case predict ti°C

qualification =worse-case predict ilO°C

non-operating = –120/+100°C (TBR-15)

maximum rate of change - *75 °C/rninute (TBR-16)
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3.3.5.2 Design Temperatures

The subcontractor shall perfoxm a thermal analysis (as detailed in Appendix I) to determine the
operational design temperatures for the cases in Tables I and II at BOL and five years (excluding
DEU, motors, and sensors). All temperatures derived fkom this analysis shall include the additional
uncertainty defined in Section 3.3.5.1. For thermal analysis the nominal AMO radiation flux
intensity at one solar constant shalJ be 1372 W/m2 (127.5 W/ft2). The AMOspectral distribution to
be used for calculation and test shall be the Thekaekara spectrum.

3.3s.3 Vacuum Bakeout

The vendor shall performa vacuum bakeoutof the SAA (non-operational) as follows:

a.

b.

c.

d.

e.

3.3s.4

Vacuum level: 1 x 1W5 Torr or less. The solar array shall not be exposed to a
diffusion-pumped chamber environment.

Temperature: 100° t 5“C.

Dumtion: The Solar Array shall be baked out until the change in the thermoelectrically
cooled Quartz CWstal Monitor (TQCM) readings show an average of less than 1%
increase over a five-hour period. The placement of the .TQCM shall be documented in
the test procedure and approved by Astro Space prior to start of reading.

Samples: Thevacuum-bakeout procedure shall be monitoredusingTQCMs and witness
plates. Before and after bakeout, small samples of adhesives shall be removed for
Collected Volatile Condensable Material analysis (CVCM) per ASTM E 595-84.

Schedule: If the thermal cycling tests are performed in a vacuum environment, then
bakeout maybe performed in conjunction with, and pxeceding, thermakycling tests, as
described in Section 4.8.3.2. Otherwise, bakeout shall be pdormed prior to final
acceptance.

Atomic Oxygen

The SAA shall be protected against damage caused by atomic oxygen fluence levels associated with
the 705 km orbit. Materials used to protect the solar array from atomic oxygen shall not generate
contamination products as a result of the interaction with an atomic oxygen environment.

3.3.5.5 Tkmlsportabllity

The SAA and handling fmture, in its shipping and storage container, shall withstand, without
damage or degradation, the handling and transportation environments as spec~led in 1S20008501.
Interface points shall be incorporated to allow for proper installation to Spacecraft per
MICD200085 14.

3.3.5.6 Plasma Discharge

The extent and effect of plasma discharge that may occur on the array during the lifetime (7.5 years)
shall be initially analyzed. Based on this analysis, coupon-level tests will be performed by Astro
Space to prove that the design has appropriate protection against the plasma environment as
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specifkd in Table VI. A final analysis shall then be pexformed to confl.rmthat the coupon-level tests
verify the final array design decision. Astro Space approval of all design decisions shall be required.
The SAA shall not give rise to glow discharges between the interconnects and the coverglasses when
operating at any voltage between OVolts and the maximum open circuit voltage expected on eclipse
exit while exposed to ambient plasma within the following density-temperature range. (See
Table VI).

Table VI. Plasma Density—Temperature

LEO (Non-polar Regions)

Particle Density Temperature

Electrons 1(P-106 cm-3 W1OeV

Positive ions 1( Y-10bcm-3 O-1 eV

LEO (Polar Regions)

Particle Density Temperature

Ambient electrons O– 104cm-3 (L1O eV

Ambient positive ions O- 104cm-3 (P1 eV

I *High energy electron flux 108– 1010cm-3 see-l Srl 14-30keV I
* This occurs during periods of auroral arcs.

3.3.6 Radiation-Particulate and Electromagnetic

3.3.6.1 Particulate Radiation

The SAA shall be designed to survive the expected radiation environment for the EOS Spacecraft,
predicted using the radiation models listed below, without degradation of performance below the
levels expected based on (normalized) curves of radiation degradation for each of the parameters
(Isc, VOC, Imp, Vmp, Pm), as supplied by the subcontractor.

a. AE8 Max model for trapped electrons in the energy range 0.05-6 MeV (From which
Table VII has been derived).

b. AP8 Min Modelfortmpped protonsin theenergymnge 0.1-450 MeV (Fromwhichl’hbleVIII
has been derived)

c. JPL Model 80% confidence level for solar protons in the energy range 1-100 MeV
normalized to the 22nd solar cycle (From which Table IX has been derived).

Tables VII through IX shall be used to calculate the radiation fluence for the orbit as defined in
Section 3.2.3.

27 DCC051193



PS20008514
07 May1993

a

Table VII. ‘lYapped Electron Spectrum

Energy Integral Fluence Differential Flux
Level E (Above E) at E
(MeV) (#/cm2/day) (#/cm2/se@leV)

0.05

0.10

0.25

0.50

0.75

1.00

1.25

1.50

1.75

2.00

2.25

2.50

2.75

3.00

3.25

3.50

3.75

4.00

4.25

4.50

4.75

5.00

5.50

6.00

3.32e+10

2.26e+lo

6.53e+09

1.39e+09

6.47e+08

3.88e+08

2.52e+08

1.65e+08

1.08e+08

7.05e+07

4.69e+07

3.13e+07

1.91e+07

1.18e+07

7.14e+06

4.3%+06

2.52e+06

1.45e+06

7.86e+05

4.28e+05

2.22e+05

1.17e+05

2.6oe+04

3.58e+03

2.76e+06

2.15e+06

8.64e+05

1.36e+05

2.33e+04

9.14e+03

5.15e+03

3.34e+03

2.20e+03

1.41e+03

9.06e+02

6.45e+02

4.53e+02

2.76e+02

1.70e+02

1.07e+02

6.81e+Ol

4.Ole+Ol

2.38e+Ol

1.31e+Ol

7.18e+O0

3.94e+oo

1.32e+O0

3.Ole-01
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Table VIII. Trapped Pr6ton Spectrum

Energy Integral Fluence Differential Flux
Level,E (Above E) at E
(MeV) (#/cm2/day) (#/cm2/sedMeV)

0.1

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

10.0

20.0

40.0

60.0

80.0

100.0

125.0

150.0

175.0

200.0

125.0

250.0

300.0

350.0

400.0

450.0

3.34e+08

3.93e+07

2.33e+07

1.88e+07

1.59e+07

1.41e+07

1.28e+07

1.21e+07

1.15e+07

1.06e+07

8.66e+06

7.07e+06

5.80e+06

4.75e+06

3.9oe+06

3.ooe+06

2.32e+06

1.80e+06

1.40e+06

1.loe+06

8.57e+05

5.26e+05

3.24e+05

2.01e+05

1.24e+05

5.5oe+03

2.08e+03

1.19e+02

4.28e+Ol

2.71e+Ol

1.80e+Ol

1.14e+ol

7.5 le+OO

6.36e+O0

4.87e+O0

1.80e+O0

8.29e-01

6.72e-01

5.48e-01

4.56e-01

3.65e-01

2.78e-01

2.13e-01

1.64e-01

1.27e-01

9.94e-02

6.16e-02

3.67e-02

2.31e-02

1.09e-02
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Table IX. Solar Flare Proton Spectrum

Energy Integral Fluence Dfierential Flux
Level E (Above E) at E
(MeV) (#/cn12) (#/cm2/MeV)

1 1.87e+ll 3.O16OC+1O

5 4.403+10 1.1373e+10

10 2.OOC+1O 2.5246c+09

30 4.60C+09 3.6526c+08

50 2.l&+09 1.1209e+08

60 1.45e+09 5.0562e+07

100 5.80c+08 6.6734c+06

Assumes 80% cotildence; normalized to the 22nd solar cycle

(five year active; 0.28 Geomagnetic constant)

3.3.6.2 Magnetic Moment

Disturbance torque applied to the Spacecraft as a result of the intersection of the Earth’s field by
active conductors in the solar array shalJbe minimized by the adoption of appropriate wiring layouts.
To minimize the magnetic moment, the wing loop areas for each string shall be minimized by
running the wiring close to the circuit. Also, the subsections of a string should be amanged so that
the neighboring subsection moments are opposite in sense and hence cancel. The residual moment
for the wing shall not exceed 7.5 A.m2 about any axis.

3.3.6.3 Electromagnetic Radiation

The SAA shall be compatible with its specified operating environment and meet the requirements
of the EOS Spacecraft, as speciiled by the EMIIEMC Control Plan, 20005869. The SAA vendor
shall supply an EMVEMC Control PlaII in conmactorforrnat which details and documents the EMI
design/manufacturing controls employed in the SAA.

The SAA shall be designed so as to minimize the electromagnetic radiation generated by differential
AC currents flowing in any one of the circuits.

When a circuit is driven with a 300 rnA, 200 kHz sine wave current (TBR-17) the radiated emissions
measured 3 m from the face of the circuit shall not exceed 44dB #V/m (TBR-18).
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3.3.6.4 Meteoroid and Space Debris

The Solar Array Assembly shall be subjected to the meteoroid and space debris environments
specified in 1S200008501. The loss factor as specKled in Table III shall be used for power
calculation and shall be veri.fkd by analysis. As a result of this analysis, with the agreement of
Astro Space, this value maybe amended.

The design shall maintain stated strength and stiffness requirements allowing for the possible
degradations due to the micrometeorite and space debris environment as defined in 1S20008501.
This shall be demonstrated by analysis. The analysis shall be approved by Astro Space.

3.3.6.5 Single Event Upset (SEU) and Single Event Latchup

All components of the SAA shall comply with the cosmic ray charged particles and single event
latchup requirements specifkd in 1S20008501.

3.3.7 Circuit Assembly

All manufacturing processes and materials used shall be in accordance with Astro Space approved
procedures and speci.tlcations. Each circuit shall be visually inspected prior to bonding to the
substrate. All welding or soldering points shall be inspected to determine defects.

3.3.7.1 Cell Output Selection

The gallium arsenide on germanium solar cells shall be appropriately matched or classed, as

necessary, to provide SAA panel electrical performance as speciiied in Section 3.3.1.7.1. This
selection shall be performed on the measurement of the output of the cells at the operating voltage.
All cells used on the SAA shall fully meet the cell spectlcation generated by the subcontractor and
approved by Astro Space.

3.3.7.2 Coverglass Installation

The coverglass shall be securely bonded to each individual solar cell to ensure an environmentally
stable lamination. The coverglass shall overlap the cell edges to protect them from radiation.
Adhesive bubbles of less than 1.Ommdiameter, voids and delamination are acceptable provided
their total accumulated area does not exceed one percent of the total cell area.. The adhesive shall
be subject to Astro Space approval.

3.3.7.3 Cell Identification

It shall be possible to identify all cells within a circuit. Suitable records shall be maintained so that
it is possible to trace every cell back to the production lot.

3.3.8 Panel Assembly

The panel (subassembly) design shall divide the SAA into electrical circuits with identical
contlguration and a maximum circuit curxent of 2.5 Amps using the BOL Best Case loss factors as
specified in Table III and assuming Beta angle is zero degrees during highest solar intensity. The
maximum number of circuits for the wing shall be 26. The preferable design shall have an integer
number of circuits per SPA.
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33.8.1 Solar Cells

The gallium arsenide on germanium solar cells shall be procured in accordance with a Astro Space
approved performance speci.llcation (to be supplied by the subcontractor). Broken, cracked, or
otherwise mechanically or electrically defective cells shall not be used or shall be replaced. The final
array cell complement shall be free from measurable, performance tiecting defects. The
subcontractor shall submit a prccedure for cell repair and replacement on the blanket, to be approved
by Astro Space.

3.3.8.1.1 ‘&pe Approval Test (TAT)

Sixty flight-representative cells shall be tested under an approved (JPL or equivalent) ~
Approval Test program. The cells shall beat bare,ConnectorIntegmtedCell (CIC) and Solar Cell
Assembly (SCA) level. The tests shall be for performance and mechanical integrity under
wide-ranging environmental conditions representative of pre-launch, launch and on-station
(7.5 years) worst-case conditions. The TKI’test plan must be reviewed and accepted by GE. In place
of a TAT, a quali.ilcation report for the exact cell specitlcation may suffice with Astro Space
approval.

3.3.8.2 Solar Cell Coverglass

The coverglass shall be procwed in accordance with a Astro Space approved performance
speci.tlcation (to be generated by subcontractor). The coverglass thickness shall be optimized to
protect the solar cells from radiation degradation. Edge chips and comer chips are acceptable
provided that the accumulated am of these chips does not expose more than 0.5 percent of the active
solar cell area of a single cell. Any exposed solar cell area shall be covered with coverglass adhesive.

3.3.8.3 Adhesive

All adhesives shall be in accordancewith AstroSpace approvedMaterialandProcess specitlcation
20008650. To provideassuranceagainstdefective batchesof adhesive, a test sampleof each mixtym
shall be prepar@ and examined for appropriate physical characteristics. Manufactww’s
recommended adhesive shelf life and storage conditions shall be maintained.

3.3.8.4 Cell and String Interconnects

Interconnectsbetween cells shall be of a design so that the overall loss or partial loss of strings due
to interconnect failure meets the reliability requirement (Section 3.3.3) after five years. Appropriate
protection of the interconnects from atomic oxygen attack and plasma discharge shall be used.
String inter-connection to form the circuits shall be performed by the use of redundant wiring in both
the power and return lines up to the SAA/SSU interface, ref. ICD20008604, in order to fultlll the
reliability requirements of Section 3.3.3 after five years.

3.3.8.5 Wiring and Connectors

Wire type shall be selected in accordance with 20008648. All wiring shall be in accordance with
therequhements of NHB 5300.4. Connectorsshall be selected in accordancewith 1S20008501 and
shall withstand the effects of plasma discharge if applicable.
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3.3.9 Secondary Standard Solar Cells

Four secondary standards shall be provided by the subcontractor for calibration of the light source
as defined in Section 4.8.2 to test SAA output. The standards shall be representative of the spectral
response and efficiency of the production cells and shall be calibrated fkom a Astro Space approved
primary standard. Standard cells shall be replaced whenever visual or electrical damage is evident.
The secondary standards shall be delivered to Astro Space with SAA delivery.

3.3.10 Repair and Replacement of Cells

A set of replacement criteria shall be established and approved by GE. The design and construction
of the array circuits shall provide the capability for removal and replacement of individual cells at
any time up to launch on a deployed wing. The cell repair method shall be submitted to Astro Space
for approval. The capability for replacement of solar cell array circuits; subunits of an SPA; and
cracked or broken cells shaIl be included in the design. After repair, the requirements of this
specitlcation shall be met.

3.3.11 SAA Release Mechanisms

The design of the SAA to Spacecraft restraint release mechanisms (i.e., separation nuts, cable
cutters) shall be the responsibility of the SAA subcontractor. The secondary support structure
housing these mechanisms and interfacing to the Spacecraft truss nodes shall be the responsibility
of the SAA subcontractor. The SAA shall be attached at the truss nodes as depicted in
MICD200085 14. The procurement, assembly, integration, and testing of the release devices shall
be the responsibility of the SAA subcontractor. The design and attachment of the blanket box
(containment box) and mast hold down mechanisms shall be the responsibility of the subcontractor.
The procuxtment, assembly, and integration of the release devices for the blanket box shall be the
responsibility of the SAA subcontractor.

3.3.11.1 Pyrotechnic Devices

All pyrotechnic devices used on the SAA shall be designed according to the requirements given in
MIL-STD-1576. The pyrotechnic device shall be comprised of mechanisms and NASA Standard
Initiator (NSI). The procurement, assembly and integration of any mechanisms used to separate the
blanket box shall be the responsibility of the subcontractor. The mechanisms used at the interface
of the SAA and Spacecraft structure attachment points shall be the responsibility of the
subcontractor. The NSIS shall be provided by Astro Space as Government Furnished Equipment
(GFE). The subcontractor shall define for Astro Space the type and quantities of NSI required for
the proposed mechanisms. The subcontractor shall provide As&o Space with three additional sets
of mechanisms for veriilcation tests at Astro Space Post+ielivery. The power supply for the pyres
shall be Astro Space responsibility in accordance with GIS 1S20008501 and shall supply a maximum
of 10 Amps (TBR-19) at a voltage of 28 *7 V (TBR-20). The flight command for initiation of the
deployment sequence and fting of all pyrotechnics shall be the responsibility of Astro Space.
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3.4 Design and Construction

3.4.1 Materi~ Processes, and Parts

All materials, processes and parts utilized in the design and construction of the SAA used on the EOS
Program shall be seleeted and controlled in accordance with 20004280. In addition, all program
approved materials and processes shall be selected and controlled in accordance with the Program
Authorized Materials and Processes List, 20008650. All program approved parts utilized on the
EOS Program shall be in accordance with the Program Authorized Parts List, 20008648.

3.4.1.1 Approved Standard Parts, Materials and Finishes

Wherever possible, approved standard pats and materials shall be used. Approved standard parts,
&rating factors and screening are listed in 20008648. Approved standard finishes am listed in
20008650. Application of materials and finished shall be in accordance with 20008650.

3.4.1.2 Approval of Non-Standard Parts, Materials and Finishes

Parts, materialsor finishes which are not approvedstandarditems must be submittedfor approval
as early as possible in the design phase, in accordancewith 20004280.

3.4.1.3 Parts, Materials and Finishes List

A parts,materialsandftishes list shallbesubmittedforapprovalpxiorto theCriticalDesign Review
(CDR). Each item shallbe keyed to indicatedthesourceof its approval,i.e., by Non-StandardParts
Approval Form or 20008648.

3.4.2 Properties of Materials

For design purposes, material structural properties for metals shall be in
MIL-HDBK-5D, and for plastics, in accordance with MIL-HDBK-17, Parts 1

accordance with
and 2. Properties

not given in these documents shall be obtained by testing the materials or from other Astro Space
approved data.

3.4.2.1 Magnetic Materials

Magnetic materials shall be avoided whenever possible to minimize the overall magnetic dipole of
the component. The subcontractor shall list magnetic materials intended for use on the SAA and
shall obtain Astro Space approval for such use. Where it is necessary to use magnetic materials, they
shall be a.mnged in a manner such as to minimize the resultant residual dipole veetor.

3.4.2.2 Contamination Control

The SAA shall be delivered to Astro Space at cleanliness level of 500A (per MIL-STW1246) in
accordance with the EOS ContaminationControlPlan (see Attachment 1, Table 5 from this plan).
Also, the vendor shall submit a contaminationcontrol plan. All contamination requirementsshall
conform to the EOS SubcontractorPerformanceAssurance Requirements20004280.

DCC051193 34



PS20008514
07 May1993

c

3.43 Nameplates and Product Marking

The SAA and its components shall be marked for ident~lcation in accordance with
MIL-STD-130B. Conspicuous markings or labels shall be affixed to Spacecraft hardware or
hardware packages. Nameplates shall contain, as a minimum, the following:

a. Astro Space Part No. and Rev.No.

b. Nomenclature

c. Serial No.

d. Manufacturer’s Name FSCM (Code Ident) Number

e. Astro Space Contract Number

3.4.4 Interchangeability

Refer to Section 4.2.1.3ofWS20008514.

3.4.5 Safety

The design of the Spacecraft SAA shall be in accordance with the safety requirements of the EOS
Subcontractor Performance Assurance Requirements 20004280.

35 DCC051193



PS20008514
07 May 1993

(This page intentionally left blank.)

DCC051193



PS20008514
07 May1993

c

4 QUALITY ASSURANCE PROVISIONS -

The nq.irements for the formal veriilcation of the performance, design and construction of the
supplied equipment shall be as specifkd in this section. These requirements define the extent to
which the equipment must demonstrate capability to meet the design and performance mxyirements
specifkd in Section 3 of this document. The subcontractor’s quality assurance program shall be in
accordance with 20004280.

The requirements detailed in this Section address veriilcation responsibilities, methods, phases,
levels and documentation. Also included are certi.tlcation and implementation requirements and a
requirements versus vetilcation cross reference matix.

For procured items, paragraphs represent the minimum vefilcation requirements. The
subcontractor may alsoperfonn verifications of selected requirements in additional phases, utilizing
additional methods andhr at additional levels than defined herein. Any additional vetilcation shall
conform to the method, phase, and level definitions contained herein.

4.1 General

4.1.1 Responsibility for Verification

The subcontmctor shall ver@ compliance with all requirements specil%xi in Section 3 of this
document unless the statement of work specfles otherwise. The subcontractor shall inform
Astro Space of all test schedules; Astro Space reserves the right to witness all vefilcation testing.
Astro Space will not delay a test for witness purposes unless a quest for delay is made in writing.

4.12 Testing Locations

All purchased equipment veriilcation (qua.li.tlcationand final acceptance) testing shall be performed
at the subcontractor’s facility except otherwise stated in the Statement of Work.

4.2 Verification Methods

The method of verification-test, demonstration, analysis, or inspection-for each requirement of
Section 3 and the test object of which the test will be performed shall be defined in a Astro Space
approved test plan (see Table X for verification methods matrix). Unless otherwise spectiled,
verification will be conducted at atmospheric pressure (1 x Id Pascals) and at an ambient
temperature of 20° * 5°C. The unit shall be at this temperature for a minimum of two hours before
proceeding with any test or measurement.

4.2.1 Amlysis/Similanty (1)

Analysis is a verification methcd utilizing techniques and controls such as mathematical models,
prior test data, simulations, or analytical assessments. Verillcation by a similarity analysis is
acceptable if the subject article is similar or identical in design, manufacturing process, and quality
control to another article that has been previously verifkd to equivalent or more stringent criteria.
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Table X. Verification Cross Reference Matfi

Paragraph Specification Requirement
Verification Verification Verification

Method Phases Level

3.1.1 Mechanical Functions 1,2,3,4 A2,B,CJ3 AS

3.1.2 Electrical Functions 1,3,4 A2,B,CJ3 U,A,S

3.2 Sfi Design Requirement 1,2,3,4 A2,B,Cm U,A,S

3.2.1.1 Mechanical Intenface Requirement 1,2,3,4 A2,B,CJ3 A,S

3.2.1.2 Electrical Interface Definition 2,3 A2,B,cJl A

3.2.1.3 Thermal Interface Definition 1,3 A2,B,C A

3.2.2 Major Component List 2 A2,B,C A

3.2.3 Orbit/Con.@uration Deftition 1 A2 “ A

3.3 Characteristics 1,2,3,4 A1,A2,A3,B, C,U,A,S
c

3.3.1.1.1 Alignment Reference 1,2,3,4 A2,B A,S

3.3.1.1.2 Alignment Budget 1,2,3,4 A2,B U,A,S

3.3.1.1.3 Thermal Distortion 1,3,5 A3,A2,B C,U,A

3.3.1.1.4 Solar Snap Disturbance 1,3,5 A3,A2,B CA

3.3.1.1.5 Aerodynamic Drag 1 A2 A

3.3.1.2 Motor Torque Margin 1,3,4 A2,B U,A,C

3.3.1.2.1 Deployment Time 1,3,4 A2,B U,A

3.3.1.3 Impact Torque 1,3,4 A3,A2,B U,A,S

3.3.1.4 Latching 1,3,4 A3,A2,B U,A,S

3.3.1.5 Mechanical Redundancy 2,3 B,A2 A,U

3.3.1.6.1 Operating Life 1,2,3,4 A1,A2,B C,U,A

3.3.1.6.2 Storage Conditions 1,2,3,4 A2,B,CD A

3.3.1.7.1 SAA Sizing 1,3,4 A2,B U,A

3.3.1.7.2 Power Analysis 1 A2,B U,A,S

Verification Method: Verification Phases: Verification Level:
1 – Analysis/Similarity A - Qualification C - Couponor Component
2 - Inspection Al QTM U – Subassembly
3 – Demonstration A2-Protoflight A- AmayAssembly
4 – Test A3 ETM S Spacecraft (AstroSpace
5 Coupon testing only B Acceptance(if option on responsibility)
6 Test responsibilityof secondwing is exercised)

Astro Space C- IntegratedSystems(if optionaltasks are exercised)
N/ANot applicable D -Prelaunch Checkout(if optional tasks are exercised)
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Table X. Verification Cross Reference Matrix (Continued)

Paragraph Specification Requirement
Verification Verification Verification

Method Phases Level

3.3.1.7.3 Telemetry 1,2,3,4 A2,B,CD U,A,S

3.3.1.7.4 Capacitance 1,3,4 A2 U,A

~3.3.1.7.5 Inductance 1,3,4 A2 U,A

3.3.1.7.6 Impedance 1,3,4 A2 U,A

3.3.1.7.7 Reverse Biasing 1,4,5 Al&@ C,u

3.3.1.7.8 Sequential Shunt Unit 2,3 A2,B,C U,A

3.3.1.7.9 DEU 1,2,3,4 A2,A3,B,CD C,U,A,S

3.3.1.7.10 SAA Blanket 1,2,3,4 A1,A23,C C,U,A,S

3.3.1.7.11 Blanket Box (Electrical) 1,2,3,4 A2,B,cJl C,U,A,S

3.3.1.8.1 Blanket Box (Mechanical) 1,2,3,4 A2,B,cp U,A,S

3.3.1.8.2 Mast, Deployment Motor, Canister 1,2,3,4 A2,B,CD C,U,A,S

‘3.3.1.8.3 Elevation Hinge Assembly 1,2,3,4 A2,A3,B,C?D U,A,S

3.3.2.1.1 Mass 1,4 A2,B C,U,A

3.3.2.1.2 Center of Mass 1,4 A2,B A

3.3.2.1.3 Center of Pressure 1 A2,B A

3.3.2.2 Size 1,3 A2,B,C A,S

3.3.2.3 Damping 1,4 A2 A

3.3.2.3.1 Stiffness 1,4 A2,B U,A

3.3.2.3.2 Inertias 1 A2 A

3.3.2.4.1 FEM Requirements 1,4 A2 A

3.3.2.4.2 Design Loads N/A N/A

3.3.2 .4.2.1 Launch Loads 1,4 A2,B C,U,A,S

3.3.2 .4.2.2 Deployed Loads 1 A2 U,A

VerificationMethod:
1 - Analysis/Similarity
2 – Inspection
3 – Demonstration
4- Test
5 Coupontesting only
6 Test responsibilityof

Astro Space
N/A Not amiicab]e

VerificationPhases: Verification Level:
A - Qualification C – Couponor Component
Al QTM U – Subassembly
A2– Protoflight A - ArrayAssembly
A3 ETM S Spacecraft (AstroSpace
B Acceptance (if option on responsibility)

secondwing is exercised)
C- IntegratedSystems(if optionaltasks areexercised)
D - Prelaunch Checkout(if oDtionaltasksare exercised)
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Table X. Verification Cross Reference Ma&ix (Continued)

Paragraph Specification Requirement
Verification Verification

Method Phases

3.3.2.5 Stress Corrosion 1 AZ

3.3.3 Reliability 1 AZ

3.3.3.1 Reliability Assessment 1 A2

3.3.3.2 Failure Modes and Effects Analysis 1 A2
and Critical Items List

3.3.3.3 Worst-Case Analysis 1 Al?

3.3.3.4 Parts Stress Analysis 1 M

3.3.4 Maintainability 1,3 A2,B

3.3.5.1 Temperature Limits 1,4 A2,B

3.3.5.2 Design Temperatures 1 A2,B

3.3.5.3 Vacuum Bakecmt 4 A2,B

3.3.5.4 Atomic Oxygen 1,5 M

3.3.5.5 Trans~rtability 1,2,3 A2,B

3.3.5.6 Plasma Discharge 1,6 ALA2,B

3.3.6.1 Particulate Radiation 1 A2,B

3.3.6.2 Magnetic Moment 1,4 A2,B

3.3.6.3 Electromagnetic Radiation 1,4 A2,A3,B,C

3.3.6.4 Meteoroid and Space Debris 1,6 A1A2,B

3.3.6.5 Single Event Latchup 1 A2,B

3.3.7 Circuit Assembly 2 A1,A2,B

3.3.7.1 Cell Output Selection 2 A1,A2,B

3.3.7.2 Coverglass Installation 2, A1,A2,B

3.3.7.3 Identification 2 A1,A2,B

Verification Method: Verification Phases: Verificati
1 - Analysis/Similarity A - Qualification C – Coupono
2 – Inspection Al QTM U- Subassen
3 - Demonstration A2- Protoflight A- Array As!
4- Test A3 ETM S Spacecd
5 Coupon testing only B Acceptance(if option on
6 Test responsibilityof secondwing is exercised)

Asrro Space C- IntegratedSystems (if optional tasks are exerf
N/A Not applicable D - PrelaunchCheckout (if optionaltasks are exe]

Verification
Level

C,u

C,U,A,S

C,U,A,S

C,U,A,S

C,U,A,S

C,u

A,S

C,U,A

C,U,A

U,A

c
A

C,u
C*U

u

C,u,s

c

C,u

c

c

c

c

m Level:
Component

)Iy
~mbly
(Astro Space
responsibility)

ised)
cised)
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Table X. Verification Cross Reference Matrix (Continued)

Paragraph Specification Requirement
Verification Verification Verification

Method Phases Level

3.3.8 Panel Assembly 1,2,3,4 A1,A2,B C,U,A

3.3.8.1 Solar Cells 2 Al ,A2,B C,U,A

3.3.8.1.1 TAT 1,4 A c

3.3.8.2 Solar Cell Coverglass 1,2 Al A2,B C,U,A

3.3.8.3 Adhesive 2,3 A1,A2J3 C,U,A

3.3.8.4 Cell and String Interconnects 1,2,4 AI,A2,B C,U,A

3.3.8.5 Wiring and Connectors 1,2,3 A1,A2,B C,U,A

3.3.9 Secondary Standard Solar Cells 1,2,4 Al ,A2,B C,U,A,S

3.3.10 Repair and replacement of cells 3 A1,A2,B C,U,A,S

3.3.11 SAA Release mechanisms 1,2,3,4 A2,B,C C,A,S

3.3.11.1 Pyrotechnic Initiators (Astro Space 1,2,3,4 A2,B,C C,A,S
responsibility)

3.4.1 Materials, Processes, and Parts 2,3 A1,A2,B C,U,A

3.4.1.1 Approved Standard Parts 2,3 A1,A2,B C,U,A

3.4.1.2 Approval of Non–standard Parts 2,3 A1,A2,B C,U,A

3.4.1.3 PartS,Materials, Finishes List 2,3 A1,A2,B C,U,A

3.4.2 Properties of Materials 1$3,4 A1,A2,B C,U,A,S

3.4.2.1 Magnetic Materials 1,3 A1,A2,B C,U,A

3.4.2.2 Contamination Control 3,4 A2,B A,S

3.4.3 Nameplates and Product Marking 3 A2,B A

3.4.4 Interchangeability NIA

3.4.5 Safety 3 A2,B A,S

Verification Method: Verification Phases: Verification Level:
1 - AnalysisJSimilarity A - Qualification C - Couponor Component
2- Inspection Al QTM U - Subassembly
3 - Demonstration A2– Protoflight A - Array Assembly
4- Test A3 ETM S Spacecraft (Astro Space
5 Coupontestingonly B Acceptance(if optionon responsibility)
6 Test responsibilityof secondwing is exercised)

Astro Space C- IntegratedSystems(if optional tasks are exercised)
N/A Not applicable D - Prelaunch Checkout (if optional tasks are exercised)
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4.2.2 Inspection (2)

Inspection is a method of veri.tlcation of the physical characteristics of the array (or components of
the array) that determines compliance without the use of dedicated equipment. Inspection also
includes the inspection of design documents, material lists, plans, etc, to verify the requirements
have been met. A dimension or an observation shall be made and recorded showing compliance to
the requirements of Section 3 as noted in Table X.

4.2.3 Demonstration (3)

Demonstration is a qualitative method of verification that evaluates the principles of the axray by
observation. Demonstration is used with or without special test equipment or instrumentation to
verify required characteristics such as operational functioning, workmanship, and transportability.

4.2.4 Test (4)

Test is a method of verification wherein performance requirements m verified by measurement
during or after the controlled application of functional and environmental stimuli. These
measurements require the use of certifkci and calibrated laboratory equipment and test support items
and procedures.

4.3 Verification Phases

Veriilcation of each Section 3 requirement shall be performed during one or mo~ of the phases
defined in the following subsections. The spec~lc verification phases used for each requirement in
Section 3 are to be provided in matrix format in Table X.

4.3.1 Qualification Verification (A)

4.3.1.1 Qualification Test Model (QTM) Verification (Al)

Component, assembly, or subassembly qual~lcation is mquimd on all hardware not previously
space flight qua~led ardor whose design is complex and unproven. This testing phase veri17esthe
performance requirements under environmental conditions which are more severe, i.e., higher
levels, longer duration than flight acceptance testing. Qualiilcation tested hardware shall not be used
as flight hardware. QTM verification is designated as Al under the testllevel column of Table X.

4.3.1.2 Protoflight Verification (A2)

Protoflight hardware includes “flight hardware” which has not been previously qualified for space
flight or does not have a proven design. This testing phase vefiles the performance requirements
under environmental conditions which are more severe, i.e., higher levels, same duration, than flight
acceptance testing. The Protoflight unit may be used as flight hardware. Protoflight verification is
designed as A2 under the test/level column of Table X.
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4.3.2 Acceptance Verification (B)

Flight acceptance hardware is exposed to environmental test levels which are essentially equal to
predicted flight exposure levels. Acceptance tests include performance demonstrations and
environmental exposunx to screen out manufacturing defects, workmanship emors, incipient
failures and other performance anomalies not ~adily detectable by normal inspection techniques or
through ambient functional tests.

4.33 Integrated Systems (C)

Integrated Systems is applicable to the hardware of the array that can be tested at system (Spacecraft)
level after integration has taken place.

4.3.4 Prelaunch Cheekout (D)

Prelaunch checkout is applicable to the hardware of the array that can be tested at the launch site
without the risk of degrading the performance of the array.

4.4 Verification Environment

4.4.1 Test Equipment Verification

Unless otherwise speciiled herein, instruments and test equipment used to measure performance
characteristics shall be in accordance with paragraphs 8.17.3 and 8.17.4 of 20004280.

4.42 Verification Conditions

Unless otherwise speei.fkd by Astro Space or a requirement, e.g., Verillcation Specification
PS20005404, all verification tests shall be conducted at ambient conditions of temperature,
humidity, and pressure prevailing at the test facility.

4.5 Verification Documentation

The veriilcation process shall be documented by plans, procedure, and reports as speciiled in the
System Test Plan required by the Statement of Work. All plans and procedures require approval by
Astro Space.

4.6 Certification Requirements

Certi.t3cation is a subset of veriilcation that formally verities that the design and manufacturing
process will produce equipments that meet the speci.fkd requ~ments in the specfiled operational
environments. Any changes in contlguration after cetilcation will require re-certtilcation for the
effected requirements. All hardware and software verifkd against this specflcation shall be
certi.fkd as defined in the System Test Plan prior to delivery. Cetilcation may be accomplished
by one or more of the veritlcation methods of paragraph 4.2. A certificate of compliance is required
with the end item data package. The minimum requirements for the end item data package are
defined in paragraph 8.23 of 20004280.
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4.7 RequirementsiWenfication Cross Reference Matrix

Table X i&ntiiles the required method(s) of vefilcation and the recommended phase of vetilcation
for each Section 3 xeqdrement. It also identiles at what level of hardware development cycle the
vefilcation is accomplished.

4.8 Specific Verification Tests

4.8.1 Pyro Shock

All assemblies in the SAA that m shock sensitive (e.g., alignment springs, motors, electrical
switches, relays etc.) shall receive pyrotechnic shock tests. These tests shall be performed with the
assembly mounted upon a fmture and either a pyrotechnic deviee activated or a specifkd weight
dropped and guided by a cylindrical tool onto an anvil which in turn is attached to the structure close
to the assembly in question. Other assemblies shall be qualifkd on the basis of the system level
pyrotechnic shock test. Test levek the control accelerometer shall conform to the shock response
spectra of Table (TBS-1).

4.8.2 Electrical Tests

a. Absolute Power Petiormance Test

An absolute power performance test shall be performed at module level once the wing
has been integrated to see if the acceptance criteria as defined in Section 3.3.1.7.2 are
met. This shall take place after therma.1cycling using a calibratedbrge Ama Pulse Solar
Simulator (LAPSS). A secondmy standard (Section 3.3.9) shall be used to check the
flasher intensity. The result from the test shall be correeted to AMO illumination (as
defined below) and to 28°C. The conected power should be greater or equal to the
acceptance criteria allowing for a 2% measurement error in the absolute performance
measurement.

Solar and Earth Radiation Definition:

1. Solar Radiation

The nominal AMO radiation flux intensity at one solar constant shall be
1353 W/m2 (125.7 W/ft2). The AMOspectrum to be used for calculation and test
shall be the Thekaekara spectrum.

2. Albedo

The solar radiation diffusely refieeted from the Earth is in the range of factor
0.311 to 0.336.

3. Earth Radiation (Eathshine)

The average value of infrared Earth emission is in the range of 218.4 W/m2 to
243.3 W/m2 (20.3 to 22.6 W/ft2) (Earth emitted value, not incident on the
Spacecraft).
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Absorptivity Teston Covered Cells -

A sample of 10 flight standard covered cells shall be measured for solar absorption.

Absorptivity Test on Flexible Blanket

The front and rear of the bare blanket shall be measured for absorptivity at various
wavelengths.

Substrate Dielectric

The substrate dielectric shall be tested for dielectric strength to ensure no dielecrnc
breakdown.

Cell Circuit to Substrate Isolation

The insulation resistance between cell to substrate shall be measured at 500 volts. The
resistance shall be greater than 20 M ohm.

Circuit Continuity

A multi-point continuity test shall be performed on all SAA circuits to ensure that all
point–t-point wiring is in accordance with the panel electrical interconnection. l%e~
shall also be test points situated in the junction boxes to enable continuity of the power
and return circuits into the spacecraft (via the SSU) to be tested without the need to
disconnect flight connectom.

Diode Health Checks

All diodes (if used) shall be measured for forward and mwersecharacteristics. This will
be performed before assembly onto the circuits. (Excludes diodes in SSU, Astro Space
responsibility).

Temperature Sensor

The resistance of each temperature sensor shall be recorded while measuring the ambient
temperature.

Magnetic Moment and EMI

A test shall be performed to prove compliance with Sections 3.3.6.2 and 3.3.6.3.

Dark I-V Testing

The blanket shall be capable of performing dark I–V tests to determine performance and
continuity of all circuits. This testing shall be able to be performed at the subcontractor,
at Astro Space post+ielivery, and at Spacecraft launch site.

DEU

The DEU shall be treated as a component of the SAA and shall therefore undergo specilic
component level testing. As a minimum this shall include thermal cycling between the
operating temperatures and 3-axis random vibration testing as referenced in
1S20008501 and PS20005404.
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4.83 Thermal Cycling Tests

4.8.3.1 Thermal Cycle Qualification-Board Testing (Minimum requirements)

Qualification testing demonstrates that adequate margins exist in the final product to assure that
specification requirements MEmet. Hardware shall be representative of flight hardware and shall
be produced from the same drawings, using the same materials, tooling, and fabrication, assembly,
and test methods as flight hardware, except as mod.ifkd to accommodate minor changes that may
be necessary to conduct the testing.

Two representative samples of the flight solar array blanket, Imown as the Qualflcation Boards, (or
Q-boards) shall be manufactured. The Q-boards shall contain flight piece parts, materials, wiring
and all other hardware to be used on the flight blanket. Cell string layout spacing and wiring shall
follow the flight design as close as possible. As much of the jigs, fmtures and other testing,
fabrication and test procedures and processes to be used for the flight panel assemblies as applicable
shall be applied to the fabrication. A Q-board shall contain two strings of 80 solar cells each, two
of the cells shall be cells representative of those repaired under the proposed cell repair method
(Section 3.3.11). One Q-board shall be subjected to thermal cycling qualiilcation testing (the oiher

Q-board shall be delivered to Astro Space for environmental testing in nine months from contract
award). A minimum of 40,000 thermal cycles are required. The cycles shall be between the
qualification temperature limits listed in Section 3.3.5.1. After stabilization, the high ternperatu~
extreme shall be maintained for a duration equal to or greater than 5 minutes. For the blanket, the
representative temperature shall be the solar cell temperature. The rate of temperature change shall
be approximately equal to the maximum rate of temperature change listed in Section 3.3.5.1.

All samples of the solar array blanket shall be removed every 5,000 cycles from the chamberforfull
inspection, including a measurement of the resistance between the electrical circuit and the
substrate.

Illumination tests shall be conducted under ambient conditions and AMO illumination from a
LAPSS solar simulator calibrated by a standard reference cell. Degradation in performance shall be
less than 2 percent. Any defects or degradation discovered in the materials or assembly of the test
articles shall be appropriately recorded and reported to Astro Space, before continuation of testing.

Materials comprising the substrate of the solar array blanket shall be tested at elevated temperatures
for tolerance to atomic oxygen combined with ultraviolet light. A test plan shall be developed for
approval by the Astro Space. Results from these tests will be used as checks against material
properties used in the thermal mdels.

4.8.3.1.1 Q-Board Testing Pas#Fail Criteria

The Q-board will be deemed to have passed the thermal cycling test:

a. If no defects or degradation are discovered during inspection, or any defects or
degradation that are reported are agreed (by the subcontractor and Astro Space) to be of
just cosmetic importance and not detrimental to the design’s ability to meet the
performance of the spectilcationo
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b. If the resistance of the electrical circuits has not changed signWcantly outside that
allowed for in the performance analysis.

c. If the output of the cells changes by no more than i2’% from the initial measurement.

4.8.3.2 Thermal Cycle Acceptance Testing

Acceptance tests demonstrate acceptable performance of Protoflight and flight hardwm over the
specifkd range of mission requirements and reveal inadequacies in the manufacturing process such
as workmanship, material, or quality. Performance measurements establish a baseline that can be
used to assure that there are no data trends established in successive tests which indicate a constant
degradation of performance within specification limits that could result in unacceptable
performance in flight.

All Protoflight and flight arrays shall be subjected to 2 thermal cycles over the non-operating
temperature range listed in Section 3.3.5.1, followed by 10 thermal cycles over the temperature
ranges speeifkd in Section 3.3.5.1, at a pressure of less than 1x 1(P5Torr. Protoflight hardware shall
be cycled over the Protoflight temperature limits, and flight hardware shall be cycled over the
acceptance temperature limits. The rate of temperature change during cycling shall be
approximately equal to the maximum rate of change listed in Seetion 3.3.5.1. The temperature
extremes shall be maintained for a minimum of 4 hours after stabilization. The resistance of the cell
circuits to the substrate at 500 V shall be monitored and continuously recorded throughout the tests.
A resistance of greater than 20 megohms shall be maintained. Illumination tests of the electrical
performance of the amay shall be conducted before and after thermal cycling. Degradation in
performance shall be less than 2 percent. A full visual inspection shall also be performed to check
for thermal cycling degradation of the hardware.

A qumtz crystal micro-balance, witness mirrors, or equivalent shall be installed in the chamber to
measure outgassing products.

4.8.4 Mechanical Tests

All mechanical subassemblies and components shall be tested under worst-case temperatures (as
predicted by thermal analysis) to verify mechanical and electrical operation. In addition all
mechanisms on the SAA shall be tested after thermal cycling in 4.8.3.2 has occurred. Alternative
testing at component level shall take place only where testing at SAA level is inappropriate. In this
case the test procedure for the component should be approved by Astro Space.

4.8.4.1 Mast Assembly

At assembly level, the mast assembly shall be tested for proper deployment and stiffness
requirements. These will be performed under worst+ise temperatures.

4.8.4.2 Elevation Hinge Assembly

The elevation hinge assembly shall be tested by the subcontractor for correet deployment, damping,
and latching. These will be performed under worst-case temperatures in a vacuum of less than
l&5 Torr. The elevation time shall not exceed 2 minutes, with simulated harness routing around
hinge.
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4.8.4.3 Blanket Tensioning Mechanism ‘ -

The Blanket Tensioning Mechanism shall be tested for both correct mechanical and electrical
operation at all stages of may integration. This shall include the testing of the “end-of-deployment”
indicator. If springs are used for blanket tensioning then a life-test of 53,000 cycles shall be
performed at component level on 3 flight representative samples under ambient conditions. The test
plan for this test shall be approved by Astro Space.

4.8.4.4 SAA Deployment

The complete SAl (including the Elevation Hinge Assembly) shall be capable of full deployment
tests at ambient temperatures using a suitable deployment rig to be performed at the subcontractor
and Astro Space (TBD-3).

4.8.4.5 Vibroacoustic Tests

The SAA shall be mounted on a test fixture which has no major resonances below 2000 Hz. The
mounting of the SAA shall duplicate the final SAA mounting conf@ration. Sinusoidal vibration
tests shall be performed over the range and at levels specifkd in 1S20008501 and PS20005404, once
per axis, in each of the three mutually perpendicular axes.

In the event of minor fmture resonances below 2000 Hz, either the resonances shall be damped, or
the input vibration amplitude adjusted to ensure testing at the levels specfled in the stated document

During the tes~ the component shall be operated in the same manneras during the launch phase and
monitored for malfunction in accordance with the requirements of the detailed test procedure
(approved by GE).

4.8.45.1 Sine Vibration

The SAA shall be subjected a 3–axis Protoflight sinusoidal vibration (5–50 Hz) in accordance with
the requirements and levels defined for the SAA and referenced in 1S20008501 and 20005404.

4.8.4.5.2 Modal Survey

The stowed SAA shall be subjected for modal survey tests in accordance with the requirements
defined for the SAA and referenced in PS20005404. The orthogonality of the measured modes to
the analytically predicted modes shall be determined to evaluate the adequacy of the test. The modal
test shall determine the resonant modes up to 100 Hz. The corresponding analytical model shall be
developed to predict all primary frequencies and shall agree with the dynamic test results to within
5% for the fmt mode and 10% for ali other significant structural modes up to 100 Hz.

4.8.4.5.3 AcousticTest

The stowed SAA shall be subjected to acoustic environmental testing in accordance with the
requirements defined for the SAA and referenced in 1S20008501 and PS20005404.

4.8.4.6 Strength Test

Strength testing of the stowed SAA shall be petiormed to apply 1.25 times the predicted flight loads
based upon the fma.1design load cycle analysis. Testing shall be applied in each of three axes in
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accordance with the requirements referencedin PS20005404andIS20008501. Strength testing shall
use one of the following three methods: static load testing, acceleration testing (via centrifuge), a
sine burst testing (low-frequency dwell).
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5 PREPARATION FOR DELIVERY

5.1 Packaging and Preservation

Upon completion of all tests by the subcontractor, each device shall be placed in an individual
handling container which provides protection at all handling points between the subcontractor’s
fma.1inspection and Astro Space final installation. The external packaging for delivery shall insure
that delivery by common carrier shall not result in physical damage, corrosion, or other deterioration
or degradation resulting in unserviceable devices. All handling, storage, preservation, packaging
and shipping shall be in accordance with 20004280.
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6 ABBREVIATIONS AND ACRONYMS -

AMo
BOL

CDR

Css

CG

CIc

CVCM

DEU

EHA

EMI

EOS

EOL

ESD

FCC

FEM

FMEA

GIS

ICD

JPL

LAPSS

LEo

PDR

Ps

RCST

SM4

SAD

SCA

SEU

SPA

Ssu

Air Mass Zero

Beginning of Life

Critical Design Review

Coarse Sun Sensor

Center of Gravity

Connector Integrated Cell

Critical Items List

Collected Volatile Condensable Material

Deployment actuator Electronics Unit

Elevation Hinge Assembly

Electromagnetic Intetierence

Earth Observing System

End of Life

Electrostatic Discharge

Flat Copper Cabling

Finite Element Model

Failure Modes and Effects Analysis

General Interface Spedication

Interface Control Drawing

Jet Propulsion Laboratory

Large Area Pulse Solar Simulator

Low Earth Orbit

Preliminary Design Review

Probability of Success

Reverse Current Screening Test

Solar Array Assembly

Solar Array Drive

Solar Cell Assembly

Single Event Upset

Solar Panel Assembly

Sequential Shunt Unit
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SINDA Systems Improved Numerical DiHerencing Analyzer

TAT ~pe Approval Test

TBD To Be Determined

TBR To Be Reviewed

TBs To Be Supplied

TMM Thermal Mass Model

TQCM Thermoelectrically Cooled Quartz Cooled Monitor
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APPENDIX- I

10 THERMAL MODELING

Thermal modeling is defined as the analyses used to predict the temperatures of critical components
of the SAA. These analyses include hand calculations, property data, and SINDA87 and
TRASYS22 thermal math models (TMM). The TMM must include suf~cient detail to fully
characterize the temperatures and temperature gradients of all critical components of the SAA
during all conditions anticipated throughout the life of the SAA, i.e., launch and ascent, deployment,
and in-orbit operation. The TMM must be capable of simulating both steady-state and transient
conditions. A complete set of material property data shall be provided to Astro Space. This data
base shall be identical to that used by the Subcontractor for thermal studies and should fully describe
properties as functions of in-orbit exposure duration and temperature. Sources for this information,
such as product data sheets shall be provided.

10.1 Thermal Math Models

The subcontractor shall construct math models relating to the thermal design cases for analyses of
their assembly.

A surface model and a reduced thermal model shall be deliverable items, as they will be incorporated
into Astro Space Spacecraft models for overall Spacecraft analysis. These models will be updated
several times during the design phase of the assembly, and the final model will be required after
thermal balance testing of the assembly has been completed.

The surface models will be incorporated into a surface model of the Astro Space Spacecraft. This
integrated surface model will be subjected to simulations of various mission thermal environments
including system level testing, launch, transfer orbit, and operational orbit. The principal
end–prcducts of the analysis are the radiation couplings and absorbed heat fluxes. The radiation
interchange includes direct contributions from the sun, albedo, and Earth as well as the
intra-network reflections and shadowing of this energy. The radiant flux from solar, Earth infrared,
and albedo energy sources, which is absorbed by each surface, will be computed for each mission
mode. The results of this unifkd environmental flux study will be available for use by the
subcontractor for detailed thermal analysis of the assembly design and flight predictions.

The assembly reduced node thermal model will be integrated with the Astro Space Spacecraft
thermal model in order to study the thermal response of the entire Spacecraft when it is subjected
to various environments and modes of operation. The resulting heat transfer and temperatures at
the assembly interfaces will provide the flight prediction boundary conditions for detailed assembly
thermal models.

A detailed thermal math model of the assembly shall also be developed by the subcontractor with
the objective of demonstrating that all internal assembly thermal requirements are met for all
expected mission modes and testing. Although the model itself is not a deliverable item, a nodal
description and the results of the analysis using the model shall be delivered to Astro Space as a test
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of the adequacy of the reduced node thermal model and a means of making flight assembly
predictions. The subcontractor shall use the detailed thenna.1model to predict and analyze the results
of the assembly level thermal balance test, resulting in a validation of the math model.

10.2 Surface Model Requirements

a.

b.

c.

d.

e.

f.

g.

h.

The suxface model shall be developed in a Thermal Radiation A@zer System
(TRASYS22) format.

The model shall be as small as is reasonably possible. The totalnumber of surfaces is
&pendent on geometric complexity, but shall not exceed 50 surfaces.

The surface model shall form a completely closed volume. Even the surface area which
is used for mechanical attachment to the spacecraft shall be represented by a surface. For
example, a simple rectangular electronics package is represented by six rectangles.

In general, each external node of the assembly reduced node thermal model and detailed
thermal model shall be represented by a surface or set of surfaces in the surface model.
Any surface of special interest (i.e., a radiator) shall be modeled separately.

The local coordinate system shall be rectangular with the same orientation as the
Spacecraft coordinate system. The origin of the local coordinate system shall be
documented in the ICD.

All length dimensions shall be input in inches.

A unique numbering system for all TRASYS model identilcation numbers shall be used.
The node numbering sequence allocated for the Solar Array Assembly starts with 91000
and ends at 91099. All components which are physically separate units shall be modeled
separately with unique identillcation numbers within the unique number allocation. No
ID number duplications are allowed.

Use of K-cards for surface thermcwptical property definition shall be used throughout.

10.2.1 Required Deliverable Surface Model Documentation

a. A table shall be supplied which lists each surface with:

1. A brief description;

2. The node number in the model;

3. The area in square inches;

4. The surface materials; and

5. The beginning-of-life and end+f-life values of solar absorptivity and IR
emissivity of the surface materials, including thermal blanket outer layers. The
values of the thernwoptical properties shall include tolerances for uncertainties
and degradation.
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b. A sample run of the TIWSYS surface model of the assembly shall be supplied, assuming

the worst EOL hot case with the assembly operational. The TRASYS input deck shall
be provided both as a hardcopy and on magnetic WI%and the bulk data shall be provided
on magnetic tape only. The fdes which shall be included on the tape include
ciXename>.INP, cfilename>.LP, and dllename>.BCD. The following are acceptable
formats for transmittal of thermal model input and outputs:

1.

2.

3.

4.

If a VMS system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or 6250 bpi, and formatted in 80 character blocked records.
The format may be either the VMS backup save set format, TK50, TK70, or

TA90. If one of the freed formats is not used, the 80 character records shall be
blccked using an optional blocking factor no greater than 50, and the blocking
factor shall be spectiled on the tape.

Ifa UNIX system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or6250bpi, and formatted in 80 character blocked records.
TAR format shall be specifkxl.

Lfa Sun UNIX system is used, information shall be transmitted on a TAR fde
written on a 1.44 Mbyte 3 1/2in. floppy disk. The transmittal shall be compatible
with Sun OS 4.1.2 or a later operating system (or equivalent).

Information may also be transmitted on an IBM compatible PC, DOS formatted
1.44 Mbyte 3 1/2 inch floppy disk or a MACINTOSH Formatted 3 1/2 inch
flOppy disk.

c. Description of the model, any special modeling features used, and the rationale for the
modeling methodology.

d. Detailed geometric plots of the surface model clearly showing all nodes and node
numbers. The coordinate axes shall be clearly marked.

10.3 Reduced Node Thermal Model Requirements

The deliverable reduced node thermal model is a reduced version of the detailed thermal model. It
shall provide similar results to the detailed model in the areas of interface heat flow (both radiation
and conduction) and average temperatures of all components modelled.

a.

b.

c.

d.

The reduced node thermal model shall be developed in a Systems Improved Numerical
Differencing Analyzer (SINDA) SINDA87 format.

The model shall be capable of steady-state and transient analysis.

The model shall be as small as is reasonably possible and shall not exceed 50 nodes. The
node, conductor, and array numbering sequence allocated for the Solar Array Assembly
starts with 9100.

All length dimensions shall be input in inches. All heat energy data shall be input in
watts. Time units shall be in minutes. The Celsius temperature scale shall be used.
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h.

i.

j.
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The overall energy balance summation of the reduced node thermal model with its
boundaries shall agree with the detailed thermal model to 3 percent or better for any set
of boundary conditions and internal power dissipations.

The heat transferred by conduction or radiation from node to node of the reduced node
thermal model shall agree with the heat transfemd from the comesponding nodes in the
detailed thermal model to within 5 percent for any set of boundary conditions and
internal power dissipations.

The temperature relationship between each flight temperature sensor and the reduced
node thermal model node which contains the flight sensor shall be provided.

Power distribution and time-lines shall be provided for each expected mode of the
mission and for ground testing. The time line should start at solar noon (subsolar point).

The following infomnation xrlating to assembly thermal control heaters shall be
supplied.

1.

2.

3.

4.

5.

Type of control (i.e., on/off ground command, thermostatic or proportional);

Nodes where heat is dissipated

The node used for control;

Operating temperature l.imit~ and

Rated power at applied voltage.

Each external node of the reduced node thermal model shall have a one-t~ne
correspondence with a surface or group of surfaces horn the surface model.

10.3.1 Required Deliverable Reduced Node Thermal Model Documentation

The following information and data shall be supplied in fulllllment of the requirement of a
deliverable reduced node thermal model:

a. A table shall be supplied which lists the following information for each sutiace modeled
in the TRASYS surface model that appears in the reduced node mode:

1.

2.

3.

4.

5.

DCC051193

A brief description;

The node number in the model;

The area in square inches;

The surface materials and

The beginning-of-life and end-of-life values of solar absorptivity and IR
emissivity of the su.xfacematerials including thermal blanket outer layers. The
values of the thenno-optical properties shall include tolerances for uncertainties
and degradation.
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b. A table shall beprovidedwhich lists thenodenumber, a brief description, the mass (lbm),
the specflc heat ((W-rein)/ (lbm - degree C)), and the nAationship to flight temperature
sensors. All tables and lists of data shall have units clearly stated.

c. A descriptive list of the internal radiation and conduction couplings. Conduction
couplings shall include a description of calculations, including material properties,
assumptions made, and sketches.

d. Maximum and minimum electrical power consumed and thermal dissipation, if
different. ‘llemml dissipation for each node for all operating modes (including survival)
should be included.

e. The following information Elating to assembly thermal control heaters shall be
supplied.

1. ‘I)qx of control (i.e., ordoff ground command, thermostatic or proportional);

2. Nodes where heat is dissipated;

3. The node used for control;

4. Operating temperature limits; and

5. Rated power at applied voltage.

f. A table shall be provided listing the relationship between the external nodes of the
reduced node thermal model and the suxfaces of the TRASYS surface model.

g. Any engineering assumptions made to reduce the model’s complexity or to enhance the
accuracy shall be stated. Any nodes using adiabatic sutiaces or arithmetic nodes (zero
mass nodes) shall be noted.

h. A table shall be provided which lists the maximum and minimum temperatures for each
node for normal operating conditions, standby mode, and survival.

i. A sample run with an appropriate orbital environment shall be supplied to provide a set
of reference temperatures that can be compared with the model as it will be used in the
Spacecraft model. In the sample run, the assembly shall be modeled as at normal
operation under hot case end-of-life conditions with a beta angle of 18 degrees.

j. A.11calculations necessary to analytically verify that the design satisfies the thermal
requirements defined in the GIS and the assembly performance spec must be included.
Any assumptions that must be made to facilitate the analysis shall be clearly stated. A
written report including an abstract and a statement of conclusions and/or
recommendations should accompany these calculations.
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k. The SINDA input deck used for the sample run shall be provikd both as hard copy and
on magnetic tape, and the bulk &ta shall be provid~ on ~pe only. The fdes which shall
be included on the tape include cfilename>.DAT and cfilename>.OUT. The following
are acceptable formats for transmittal of thermal model input and outputs:

1. If a VMS system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or6250bpi, and formatted in 80characterblocked records.
The format may be either the VMS backup save set format, TK50, TK70, or
TA90. If one of the fwed formats is not used, the 80 character nxords shall be
blocked using an optional blocking factor no greater than 50, and the blocking
factor shall be specilled on the tape.

2. Ifa UNIX system is used, information shall be transmitted on a 9 track magnetic
tape recorded at 1600 or6250 bpi, and formatted in 80characterblocked records.
TAR format shall be speciiied.

3. If a Sun UNIX system is used, information shall be transmitted on a TM fde
written on a 1.44 Mbyte 3 1/2in. floppy disk. The transmittal shall be compatible
with Sun OS 4.1.2 or a later operating system (or equivalent).

4. Information may also be transmitted on an IBM compatible PC, formatted
1.44 Mbyte 3 1/2 inch floppy disk or a MACINTOSH Formatted 3 1/2 inch
flOppy disk.

10.4 Guidelines for the Detakl Assembly Thermal Model

The detailed thermal model of the assembly is a mathematical representation of the heat transferred
within the assembly and exchanged with the assembly’s surroundings. This model accurately
predicts the change in the heat flows and the resulting temperature changes for any alteration in the
environment, internal power dissipation, or any other model parameter.

a.

b.

c.

d.

e.

SINDA87 is the required thermal analysis software on which the model shall be based.

The size of the detailed thermal model is highly dependent on the thermal limits of the
hardware being modeled. As a tiimum, the detailed model shall demonstrate that all
defined requirements for temperature and temperature gradients are met.

Every critical component or subassembly of the assembly and every flight temperature
sensor should be represented by anode which adequately predicts its temperature.

For convenience, it is recommended that each external node have a one–to-one
correspondence with a surface or group of swfaces from the TRASYS surface model.

Submodels may be used as required for freer thermal definition of local areas of the
assembly.
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10.4.1 Required Deliverable Detailed Assembly Thermal Model Data

a. A list shall be provided of all nodes and nodal descriptions. Sketches showing how nodes
correspond to assembly components shall be included.

b. Analysis results for all major mission conditions and operating modes considered shall
be provided.
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APPENDIX II

20 FINITE ELEMENT MODEL (FEM) REQUIREMENTS

a.

b.

c.

d.

e.

f.

&

h.

i.

j.

k.

MSC/NASTRAN format.

Model should be as small as possible and shall not exceed 500 dynamic degrees of
freedom. Models are to be “full” mcdels with no symmetry assumptions made to reduce
model size. “Super elements” shall not be used.

Stowed SAA Model should accurately represent all dynamic modes up to 100 Hz when
rigidly supported at the intetiace between the solar array and the spacecraft truss nodes.
Deployed SAA Model should accurately represent all dynamic modes up to 15Hz when
rigidly supported at the SAD interface.

The solar array coordinate system must be rectangular with the same orientation as the
Spacecraft coordinate system. Coordinate cards must be provided to establish the SAA
system. The origin of the SAA local coordinate system shall be documented in the solar
array finite element model documentation.

All constraints internal to solar array and Nastran displacement output must be in the
solar array local coordinate system. No constraints external to the model upon submittal.

The NASTRAN bulk data deck should not contain BAROR, GRDSET, or PARAM
AUTOSPC NASTRAN Cards.

The speciilcation of vector components for element coordinate system deftition shall
be used in lieu of referenced grid (i.e., CBAR, CBEAM).

U.S. Custommy system of units shall be used. All mass data must be input in pounds
(weight) units and converted to mass units (lbs-sec2/in) by using a PARAM WTMASS
card. All length data must be in inches, time data in seconds, and weight data in pounds.

A solar-array-unique numbering system for all NASTRAN model identification
numbers is to be used (for grids, coordinates systems, elements, property, and material
IDs, as well as constraint and loading IDs). The grids, elements, properties, and materials
IDs shall be between 60,001 and 69,999 and the coordinate system IDs shall be between
176 and 200. Both input and output displacement coordinate system IDs shall be defined
in all NASTRAN GRID cards. Do not leave blank or default entries in field number 3
and 7 of the GRID cards. No ID duplications are allowed.

NASTRAN model must be capable of representing different dynamic response
characteristics (if any) resulting from planned configuration changes between
and deployment.

Any contingency weight shall be included in the support boundary interface.

launch
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20.1 Deliverable Model Validity Checks

The following computer runs and data checks shall be made and delivered to Astro Space to confii
the mathematical validity of the modek

a.

b.

c.

d.

e.

f.

i?.

h.

Static analysis for unit gravity loading in each of the three axis directions. Reaction
forces given by this analysis should equal the weight of the structure as given by the grid
point weight generator (using PARAM WTMASS card).

Eigenvalue analysis for modes up to 100 Hz for stowed SAA and 15 Hz for deployed
SAA with the solar array constrained at the MA/support structure intetiace. Only those
degrees of fmxiom actually used to attach the SAA to the support should be constrained
in this analysis.

Eigenvalue analysis for the modes up top 100 Hz for stowed solar array and 20 Hz for
deployed solar may in the free-free (unconstrained) condition. This analysis should be
made both with and without the SUPORT NASTRAN bulk-data card. The rigid body
modes horn the analysis without the SUPORT card should yield frequencies less than
0.01 Hz for stowed SAA and 0.00001 Hz for deployed solar array.

Static analysis with unit-enforced displacements in all six degrees of freedom atone grid
point. This analysis should yield equivalent unit values of displacement for all grid
points whose displacement coordinate system is defined as being parallel to the input
coordinate system of the referenced point. In addition, no element forces greater than
0.1 pound for moments greater than 1.0 inch-pound should be observed. A grid-point
force balance should reveal no signitlcant forces on any point in the model.

Grid-point weight generator (using PARAM WTMASS card) should yield correct
weight, center of mass locations, and moments of inertia.

Use of case control command “SPFORCES=ALL” should reveal no constraint forces at
points other than legitimate boundary condition constraint points.

“Epsilon Sub E emor check for each static subcase should be less than 10xE-ll.

Static analysis with a unit temperature increase from ambient.

20.2 NASTRAN Model Verification

The NASTRAN model fkequency predictions shall agree with dynamic test data to within 5 percent
for the first mode and 10 percent for all other sign~lcant structural modes up to 100 Hz. A
cross-orthogonality check between test and analytical mode shapes shall be required to be submitted
to Astro Space.

20.3 Deliverable NASTRAN Model Data

Delivery of the NASTRAN Model Data shall be in accordance with WS20085 14, statement of work
for Solar Array Assembly.
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APPENDIX III

30 DEU INTERFACE

30.1 Relay Drivers

Relay driver interface circuits shall be as shown in Figure 2.

30.1.1 Relay Driver Interface Characteristics

[1] When active, the driver circuit output voltage shall be +27 H Vdc while driving a load at
any current between 2 and 360 milliamps.

[2] The maximum load shunt capacitance shall be 0.2 microfarads (including cable and user
relay capacitance).

[3] The relay driver shall bean open circuit with a maximum leakage current of 100 microamps
when relay driver is in an off state.

[4] The active level shall be maintained for 55 i 5 ms, exclusive of rise and fall times, when
measured at amplitudes >25 V.

[5] The rise and fall time between +1 and +25 Vdc shall be 1.0 * 0.5 milliseconds.

[6] The relay driver shall include overcurrent protection to terminate the command if the load
cument exceeds 425 *15 milliamps.

[7] Relays used to send commands shall be capable of sending up to 10 commands per second.

30.1.2 Transient Suppression

Relay coils shall be shunted (e.g., by series redundant suppression diodes) so that the
inductively–induced voltage on the interface line at the on–t~ff transition does not exceed the coil
return voltage by more than 1.5 V.

30.2 Analog Telemetry Interfaces

[1-J Analog telemetry interfaces will sense voltage levels between Oand 5 Vdc with 8 bits of
resolution.

[2] The accuracy of the sample will be *1.0% of full scale (+5V) M1.5LSB.

30.2.1 Passive Analog Interfaces

[1] Passive analog telemetry interfaces shall be driven with a sense current of 1.0 mA MI.5%,

[2] and shall sense voltage levels between Oand 5 Vdc.

[3] Passive analog interface circuits shall be as shown in Figure 3.

[4] The components and the harness shall each maintain primary and return isolation.
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30.22 Active Analog Interfaces

[1] Components using active analog teleme~ interfaces shall transmit across the interface a
signal plus a dedicated reference.

[2] Input impedance shall be greater than 1 megohm dc resistance when the signal is sampled
and when the signal is not sampled.

[3] The component voltages shall not range beyond k16 Vdc. (Any voltage in excess of 5 Vdc
at the SSU interface will be reported as 5 Vdc in the telemetry strtam.)

[4] Operational component voltages on the output lines shall be in the range of Oto +5 Vdc with
respect to DEU signal return.

[5] The common mode voltage range shall be-1 to +1 Vdc with respect to the SRP at the SSU
intetiace.

[6] Active analog interface circuits shall be as shown in Figure 4.

30.3 Active and Passive Bi-level Interstices

The requirements below apply to hi-level interfaces at which the component both accepts
commands from and delivers telemetry to the Spacecraft Bus C&DH subsystem.

30.3.1 Passive Bi-level Interfaces

[1] The circuit “on” voltage shall be between+3 and 10 Vdc with respect to DEU signal return.

[2] The circuit “off’ voltage shall be between Oand 0.5 Vdc with respect to DEU signal return.

[3] The component portion of the interface shall accept a total input current up to 10.0 mA.

[4] The load capacitance at the SSU interface shall be less than 1.8 nanofarads.

[5] The component shall tolerate overvoltages in the mnge of -1 to 14 Vdc.

[6] Passive hi–level interface circuits shall be as shown in Figure 5.

[7] The components and the harness shall each internally maintain primary and return isolation.

30.3.2 Active Bi-level Interfaces

[1] The circuit “on” voltage shall be between+3 and 10 Vdc with respect to DEU signal return.

[2] The circuit “off’ voltage shall be between Oand 0.5 Vdc with respect to DEU signal return.

[3] Input impedance shall be 1 megohm dc resistance when the signal is and is not sampled.

[4] Operational component voltages on the output lines shall be in the range of -5 to +14 Vdc.

[5] The common mode voltage range shall be-5 to +10 Vdc with respect to the SRP at the SSU
intetiace.

[6] Active hi-level interface circuits shall be as shown in Figure 6.
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1 INTRODUCTION

1.1 Scope

This Electromagnetic Compatibility (EMC) Control Plan defines the overall approach, planning,
and design criteria to ensure compatible operation of the EOS–AM Spacecraft in accordance with
the Cent.met End Item Specification SEP-101, PS20005396. This plan provides the EMC
requirements and management organization procedures for the prime contractor, subcontractors and
vendors as it relates to EMC control. The plan identfles the particular requirements in the design
area for bonding, grounding, and shielding to control radiated and conducted emissions and
susceptibility to specifkd EMUEMC levels.

General Spacecraft and Instrument EMC requirements and traceability are identiled in Section 3.
The system level EMC requirements are specified in Section 4. Spacecraft component EMC
requirements are spec~led in Section 6 and may reference paragraphs of Section 4. Instrument–
specitlc EMC requirements are specified only in Sections 1 through 3 and 5. Spacecraft ground 1
support equipment requirements are specitled in Section 7.

EMVEMC “Handbook” type information, Spacecraft Analysis and Prediction methods and design
control procedures are documented in the EOS–AM Spacecraft EMC Design Handbook 20005400.

1.1.1 EOS-AM Spacecraft Description

The EOS-AM Spacecraft is to provide global coverage of the Earth due to its polar orbit and will
support scientilc instruments for daily applications and scientific investigations. Figure 1 I
(reference only) is a diagram of the EOS-AM Spacecraft showing the equipment modules required
for Spacecraft housekeeping and their relationship to the Spacecraft that will support the payloads. B

The Spacecraft will be at an elliptical transfer orbit of 550 x 705 km and will operate at a
circular/polar/sun synchronous orbit of 705 km, 98.2 degrees, 10:30 (* 15 min.) descending node.
Its payload will consist of the EOS-AM set. The Spacecraft will be launched via the Atlas HAS with
Titan IV ELV as an alternate.

The Spacecraft Prime Power Bus will be +120 VDC +4%/-2% with a load power requirement of
2.53 kW, a total Spacecraft end-of-life power requirement of 5 kW and a total solar array power
of 5.7 kW at beginning of life. The Spacecraft is designed for single–fault tolerance and a five-year
mission life.
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2 APPLICABLE DOCUMENTS

The applicable documents for Spacecraft EMC are listed in Section 2.1 and 2.2 below and in
Figure 2 EMC Document T~e. The documents in Section 2.3 are reference documents for the
program requirements as specitled in this plan. The following documents of the exact issue shown,
form a part of this speciilcation to the extent spectiled herein. In the event of conflict between the
documents referenced below and the contents of this spec~lcation, the contents of this specification
shall take precedence.

2.1 Government Documents

2.1.1 Specifications

Federal

None

Military

WSMCR 127–1 Vol. 1

WSMCR 16W1, Change 1
22 October 1985

MIL-B-5087B

MIL-W-83575A

NASA Documents

GSFC-421-10-01
30 October 1992

GSFC-42045-02
08 November 1991

GSFC-420-0541
02 August 91

GSFC-42@03-02
01 December 1992

GEVS-SE
January 1990

JSC-07636
November 1975

NASA NHB 5300.4(3G)

Western Space and Missile Center Range Safety
Regulation

Western Space and Missile Center Radiation Program

Bonding, Electrical and Lightning Protection for
Aerospace Systems

Wiring Harness, Space Vehicle, Design and Testing,
General Specification for

Requirements Document for EOS–AM Spacecraft

EOS Performance Assurance Requirements for the
EOS Spacecraft

EOS Program Performance Assurance Requirements
General Instruments

General Instrument Interface Specification (GIIS) for
the EOS Spacecraft

General Environmental Verification Specillcation for
STS and ELV,GFSC

Space Shuttle Program Lightning Protection Criteria
Document, Rev A, NASA, L.B. Johnson Space Center

Requirements for Interconnecting Cables, Harnesses,
and Wiring
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GSFC 420-03-02
General

Instrument
Interface

Specification
for the

EOS Spacecraft

Requirements Documents

GSFC 42045-02
EOS Program
Performance
Assurance

Requirements
for the

EOS Spacecraft

I ■ Q

I

GEVS45E
Geneml Environmental

Verification Specification
for STS and ELV, GSFC

GSFC 421-10-01
Requirements

Document
for

EOS-AM
Spacecraft

I

Contract End Item

Specification
SEP-101

PS20005396

Unique
Instrument

Interface
Documents

GSFC 421-1241-02 ASTER

GSFC 421-12-04-01 MODIS

GSFC 421-12-02+1 CERES

GSFC 421-124)341 MISR

GSFC 421-12-0541 MOPllT

~

--i

Figure 2. EMC Document Tree
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Criteria Document
Requirements*

Document
SEP-106
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Spacecraft EMC
Test Plan

PN20005868
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Reference Document
Spacecraft EMC Design

Handbook
20005400
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2.1.2 Standards

Federal

None

Military

MIL-STD-461C
04 August 1986

MIL-STD-462, Notice 1

MIL-STD-1541A

MIL-STD-1576

Other Government Agency

None

2.1.3 Drawings

None

2.1.4 Other Publications

2.2 Non-Government Documents

2.2.1 Specifications

PS20005396
15 April 1993

1S20008503
02 November 1992

1S20008501
30 December 1992

Source:

Electromagnetic Emissions and Susceptibility
Requirements for Control of EMI

Electromagnetic Interference Characteristics,
Measurement of

EMC Requhements for Space Systems m

Electro-Explosive Subsystem, Electrically Initiated
Design Requirements and Test Methods s

Contract End Item Specification for the EOS-AM
Spacecraft, SEP-10i i

Launch Vehicle System to EOS–AM System
Interface Requirements Document, ICD–103

General Intetiace Specflcation for the EOS–AM
Spacecraft (GIS)

Martin Marietta Astro Space
P. O. Box 800
Princeton. NJ 08543-0800 I

2.2.2 Standards

None
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2.2.3

2.2.4

Drawings

None

Other Publications

PN20005868 EOS–AM Electromagnetic Compatibility Test Plan
01 March 1992

Source: Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

2.2.5 Procedures

None

2.3 Reference Standard~ Specifications, and Handbooks

20005400 Electromagnetic Compatibility (EMC) Design
15 January 1993 Handbook for the EOS–AM Spacecraft

NASA Reference Lightning Protection of Aircraft, Fisher and
Publication 1008 J. A. Plumer
October 1977

ARP-1481 Corrosion Control and Electrical Conductivity in
Enclosure Design

AFSC-DH-1-4 AFSC Design Handbook, Electromagnetic
Compatibility

MIL-STD-1541A EMC Requirements for Space Systems

DCC062893



PN20005869A
28June1993

3 EMC REQUIREMENTS

3.1 EMC Requirements Traceability

Table I shows the traceability of EMC requirements between
Control Plan.

the GEVS, the PAR and the EMC

Table I. EMC Requirements Traceability

Test PAR GEVS EMCCP
Table Paragraph # Paragraph # Type

Conducted Emission Tests

DC Power Leads 3–2 2.5.2. 1.a 5.2,6.2 CE

DC Power Leads 3-2 2.5.2.l.b 5.2,6.2 CE

Spikes DC Power 3-2 2.5.2.1.c 5.2,6.2 CE

Antenna Terminals I 3-2 12.5.2.l.e 16.13 I
Power Quality Ripple and Noise I 3-2 4.2 ICE

Radiated Emission Tests

DC Magnetic Flds/Prop. System 3-2 2.5.4.1,2 .5.4.5 4.7 R.E

DC Magnetic F1ds/Prop Component 3-2 2.5.4.1,2 .5.4.5 5.7,6.7 RE

AC Magnetic Field (System) 3-2 2.5.2.2.b 4.1 RE

AC Magnetic Field (Component) 3-2 2.5.2.2.b 5.1,6.1 RE

Electric Fields (System) 3-2 2.5.2 .2.c&d 4.1 RE

Electric Fields (Component) 3-2 2.5.2 .2.c&d 5.1,6.1 R.E

Antenna Port Emission Tx Levels 3-2 2.5.2.2.e 4.1,6.13 R.WEMC

Antenna Port Emission Spurious 3-2 2.5.2.2.f 4.1,6.13 RE/EMC

Conducted Susceptibility Tests

Power Line 3-2 2.5.3.l.a 5.4,6.4 Cs
Interrnodulation Products 3-2 2.5.3.l.b 6.14 Cs
Signal Rejection 3-2 2.5.3.1.c 6.14 Cs

Cross Modulation 3-2 2.5.3.l.d 6.14 Cs

Power Line Transients 3-2 2.5.3.l.e 5.4,6.4 Cs

IRadiated Susceptibility Tests I
Electric Fields and General EMC 3-2 2.5.3.2.a 4.3, 5.3,6.3 RWEMC

Perform EMC with Spacecraft Tx 3-2 2.5.3.2.b 4.3, 5.3,6.3 RWEMC

Unintentional Electric Field 3-2 2.5.3.2.c 4.3, 5.3,6.3 RS/EMC

Magnetic Field Susceptibility 3-2 2.5.3.2.d 4.3.2,5 .3.2,6.3.2 RS
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3.2 EMC Requirements Applicability

Table II shows the applicability of GEVS traceable EMC requirements at various levels of assembly
and the specitlc requirement paragraph in the EMC Control Plan.

Table II. EMC Requirements Applicability
EMCCP Top Level of Assembly

Test Level Parao# Note ] S/C I EM IComp.@l IINST

Conducted Emission Tests
DC Power Leads 5,2,6.2 x x

Spikes DC Pwr 5.2 x 1 x x

Antenna Terminals 5.13,6.13 x x

Power Quality Ripple and Noise 4.2 2 x 1

Radiated Emission Tests

DC Magnetic FM/Properties Sys 4.1,4.7 4 x 1

DC Magnetic FM/Prop. Comp. 5.7,6.7 1 x x

AC Magnetic Field System 4.1 x 1

AC Magnetic Field Component 5.1,6.1 1 x x

Electric Fields System 4.1 x 1

Electric Fields Component 5.1,6.1 1 x x

Antenna Port Emission S/C 6.13 5 x x

Conducted Susceptibility Tests

Power Line 4.4,5 .4,6.4 x x

Intermodulation Products 6.13 x

Signal Rejection 6.13 x

Cross Modulation 6.13 x

Power Line Transients 4.4,5 .4,6.4 x x

Radiated Susceptibility Tests

Electric Fields and General EMC 4.3,5 .3,6.3 3,4 x x x

EMC with Spacecraft Tx 4.3,5 .3,6.3 3,4 x x x
3,4 x x x

Unintentional Electric Field 4.3, 5.3, 6.3 x x x

Magnetic Field Suscep. 4.3,5 .3,6.3 2 x x x
S/C = Spacecraft Level EM = Equipment Module Tx = Transmitters
Comp = Component Level INST = Instrument
Notes1 Test not required.Testsmaybe performed on a case-by-case basisfcr riskreduction.

2 Performedat systemandsubsystemlevelonly
3 Definitionof susceptibilitydefinedin individualtestplan per paragraph 4.3
4 System level requirement met by analysis and comparison of system and lower level of assembly test data
5 System level test performed as part of radiated EMC with Spacecraft Transmitters
6 These are the design requirements. Delineation of Qualification and Acceptance Test requirements vs level

of assembly is specified in Tables IV and V.
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3.2,1 EMC Requirements L~t

Table 111summarizes all of the requirements contained in this EMC Control Plan. s

3.2.2 EMC Requirements Matrix

Table IV tabulates the requirements contained in this EMC Control Plan (Table III) vs the EOS-AM
equipment list.

3.3 EMC Requirements for the Launch Environment

3.3.1 Interface EMC Requirements

The Spacecraft and its components which are active during the launch phase shall comply with the
requirements in GSFC-420-05+2. The applicable Spacecraft operational or vulnerable elements
will meet the requirements of WSMCR 127–1 Vol. 1, WSMCR 160-1, JSC–07636 revision A, and
ICD103 1S20008503.

3.3.2 Launch Phase Lightning Threat

The Spacecraft Pyrotechnic circuits shall not exhibit initiation, upset, performance degradation, or ~
failure when subjected to a lightning threat with the characteristics of Figure 3. The figure is derived
from the Space Shuttle Lightning Protection Criteria Document (JSC–07636) for shuttle launched
Space Station items. Lightning threat analysis shall be based upon JSC-07636.

3.4 EMC Testing

Except where spec~led all EMI tests shall be performed per the EOS–AM EMC Test Plan
PN20005868. Qualillcation testing shall be performed per Table V. The instruments shall use
PN20005868 as guidance in preparing their EMC test plans. I

The hierarchy of applicable test documents shall be, in descending order, the EOS–AM EMC Test
Plan, GEVS–SE, and MIL-STD-461/462.

3.5 General Requirement, Electromagnetic Compatibility

The EOS-AM Spacecraft shall be self-compatible, compatible with its intended electromagnetic
environment. and meet its EMC requirements.
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Table III. EMC Requirements Lkt

C.*- -. _ ...--___* 1
EMC Requirement ndlG Haqlnrement

Description

CE RiPPte- Prlmary PowH
e.-..- T.=* for power su~y~ / 1~ rated Spacecraft. Para. 4.2

CE Riwe = .. A”#law OuW ll?nx test for EPC oowered 28V components Para. 6.2.2
omponents Para 6.2. Instru

pacecraft Components Para 6.2. Instrument interfaces Para. 5.2
7Fom------- D..* c ia I

ICE{

Y-UUI*U- y . -, ,---- ---- . —

]CEO1 & CE03 Spacecraft Cl

non Mode s~ -
16 Spacecraft CI wu rwllm I_ara WC-J.

?m System Recwrement Para. 4.1

Jment/ WC Equlpt. Instrument interfaces Para. 5.1. Speoecraft Components Para6.1

m System Requirement Para. 4.1

1pt. Instrument interfaces Para. 5.1. Spacecraft Components Para 6.1
-.– —.” —___ a

“.-. .. — - .-

)1 81CS02 Inst./ S/C Equlpt. Instrumentinterfaces rara. a.~. CWWWJUdComponents Para 6.4

CS06-Survlve,Operete &
Perform. Inst./ SC Equipt. Instrument int ‘ - ara. 5.4. spacecraft Components Para 6.4

rrrs Para 6.14.
.. - .– R--- #.”r)

IiXii

:/ SIC Equipt.

Isvstem wowremem rara. +.4
-—-- r . m-- —--s

Iment interfaces Para. 5.2 I

IInstruments Para. 5.
.-.

2 External Equipment lExternallymounted SP

: Properties IInstruments Para. 5.–—

;omponems rara O.J. I

‘-- - nents Para 6.3.1
lponents Para 6.7.
-—------- 5-.. m mo

Em” I instruments Para. 5. . .. . .------- ..-. .-—

I Safety MarglnlSuperposNion ISpacecraft & Compc
—

rument Para. 5.10. 1

anket Grounding ISpacecraft& Compf

Differential Drivers ISDacecrati & Components Para 4.1’
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Table IV. EMCRequirements Matrix

EMC Raqulrement SpemmfI Equipment Modules EPS

COMM [ prOP I GN&C RWA-EM Recorder DAS Panel EPEM

Ippf*lmary Power System Test+
, 1

ippfa-seamdary hr
& CE03

ommon Mode

System Test Note 1
----

@t. 1Instrument, wc Equl
System I Test I I I I I I I
instrument, SIC Equl”* Note 1 I, .. I -—

,CS02 & CS06 System Anai I

&CSU2 fnst, SIC Equipt.
- Instrument, S/C Equlpt. Anai I

applicable Iimlt(s) =
, CS04, CSD5, Ant Pon
Irwtrument, SC EqUlpt. I

PetiOrm
On.Orbit !

‘SC,
,9C1

‘ ‘-rich I
‘ ‘nternal Equip.

=xtarnal Equip. Anal Anal Anal Anal Anal I Anal Anal-
Iaqneti
@tic kX

~ngy=:lt$: iyotllsents l&T 16T I

9 Test+ TL-.. , ___
1 e 1--1 I..* tnoww.1 Inlm!

-
;afety Margin,Superpos. I Anal 1 I
Ing Spacacreft System l&T InWst I lns/lst insKst InsTst lnsKst lns/Tst ln#Tst

l&T l&T l&T l&T l&T l&T

,. “.- w...-! “eSt+ Trxt+ Test+ Test+ Test+ l&T
riding, Ref. u -=-. ,,?=-, ,,-. ... Inepet inspct Inspct inspct

Grounding l&T i&T

Structure Gmundhg 16T l&T l&T i&T l&T l&T i&T i&T
Pdma Power Grourslng at PPR l&T i&T i&T l&T l&T i&T l&T i&T

mePwr wiring ieol. from Chassis l&T lest+ Teat+ Test+ Test+ Tast+ Test+ l&T

Chassis Bo@M m SQp IAT MT I&l l&T l&T l&T l&T l&T
natle Mount isda’

... .. .- -. .. .- .
..—..- ...-—... .__.Jtion l&T “-” j ‘-” “-”

nal Bianket Grounding i&T IAT l&T l&T l&T l&T l&T

+ary Pwr Ref. Test+ j Test+ Test+ Test+ Test+ Test+ ln~st

Intedaces Grounding, InWst I lnsKsl irtsKst Irrsfrst InWsl ln9’Tst ln#TstIi

‘--- ● ‘--’-tion ! I I I I I I I Irehcus a mum

Dedicated Returns Inspct Inspct inspct inspct inspet lnspcr Inspct

Sirmal interfaces Grounding, Irt#rst irWTst lnsKst Insfrst krsITst Ins/Tat Inwst

References & isolation lndTst ln~st insfrst tndTst ln#ikt lr?#Tst ln~st

EED isolation l&T
~ernntial flriuaml lnspcf htepet Inspct Inspct Inspei Irtspet ktspct

Wlra Graundlrm Bst+ Test+ Test+ Test+ Test+ Test+ l&T
------- ------- ...

I ,.+ H .
. . ..- ---------- i la I 1 la-.

g Design Inspct Inspcf I Inspct ] inspct I Inspct I Inspct I inspct I Inspct
tvlations: System . Spacecraft with Instruments; COMM. Communication/ C&DH Equipment Modula;
. Propulsion Modula; DAS Panel - Direet Access Systam Equipment Panei;
>. Guidance Navigation and Control; RWA-EM - Reaction Wheai Assembly Equipment Module;
rder. Raeorder Equipment Module; EPEM . Electrical Power Equipment Module; [
-Qualification Test; Test+ dkdfication &Accept.Tests; S,O, P-Unit under test shall Survive, Operate, Perform;
Inspact or test at l&T;Inspct. Inspeet; Anai-Analysis; I 1 I
it= inspect or testas applicabie; P.Pwr =Prime Powec Nole t= EPS equipments are tested together. Tests at
rmictmrant Module levtai am mt raauirad but mav be oarformad for risk raduetion. I I I
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Table IV. EMC Requkments Matrix (Continue@

EMC Requirement I Electrical power Subsystem I
BPC 1 PDU [ BATAs SAD FDB EPC ADE SSUISAA

CE Rlppt#%lmsrY Power Tcstti NOIC 1 Test+

CE Rlppl&SacondarY Pwr
CEO1 & CE03

Test+ Tast+ Test+

CE Common Mods
Test+ Test+ Test+

----

‘--tiem
trumentl S/C Equlpt. Test+;Nets1 NOIC1 Tsst+ Test+ Note3
. . 1 Test+

-.

GE06

RE02 bY5
RE02 kret
RE04 Sys,mt]
RE04 lnatrumortU WC Equlpt. I Tcstw NoIC 1 I es+ Teat+ I Teat+ Test+

CS01,CS02 & CS06 System ] Test tArn$YPSr EM(2Test Plan Anal

Csol 6CS02 irtatJ 9 Plsrl Test Test

~ Inatrun UC Tast Ptan Test Tsst Test Test

CS06 ●pplicable Ilmlt(s) = I Test/AflSly~ r Em Test P* S,o I s S,o S*O w
I 1

IRso3 umn

/C Equlpt. I Test lA@Y POr EMC Test

nant, S/C Equlpt. I Teal lAr@Y P rEh ‘–
—.

1. 1

Jmentl WC Equipt. P P P P 1 r r r

n-e - ,drm I

,RS03 On-Orbit
——--

ch 0 0 0
‘---—-*--ulp. P P P P P P

Wv cxIerllal =ctulP. P P P P P
----[- c-.. Ta@ Tn~ Tast

.- I.* I 1 --- ----

System I In#Tst I IrrdTst I Ins

Ilng Equip. / Instruments l&T l&T I II—

&

RS03 SIC Internal cqb f
RS03 “- ‘-”-–-’ ‘-

P

DC MIwnuw . --. 1 . --- ---- Tht Test Teat

Ma@tetic Prop-t .,.. Tam I Test I Test Test Test Test Test

EMI safety MargirVSuperpos. I Anal I Anal I AIMI Anal Anal Anal Anal Anal

Bondlrtg spa cacreft J-rat lrldTst lndTat lnaKst ln~at Int#Tst

Bondl LT l&T l&T l&T l&T l&T

Corm. ●nd Shield Bonding I Test+ I T eSt+ I I est+ Test+ Test+ Test+ Test+ Test+

Groundlnq
. . i––—.. ,--— -

SRP GrounuJ~w
Structure Grounding l&T l&T l&T l&T l&T l&T l&T l&T

Prime Power Grounding at PPR Test+ Test+

Prime Pwr wirinq isol. from Chasak Test + Test+ Test+ Test+ Test+ Test+ Test+

Chassis Bonding to SRP l&T l&T l&T l&T l&T l&T l&T l&T

Klnematlc Mount Iaolatior I
Tha

~Ref. & hOi. I Inspct I Inspct I Inspct I Ins@ I tnapet 1 mspct I mspcr I mspcr

.41 R“

n 1 1 I I 1 1

trmal Blsnket Grounding I 1 I— .-. . . . 1 .. —---I ,-_mA 1--m- l--n-d l.. fr* I

.oundlng, I Intist I lnslTst I Imsignal Intadacee Gr
& laotatlorr I I I -~References – . . . . . .

Dedkated Returns Inspct Inspct Inspct Irrspct Inspct Inspct Inspct Inspct

Signal Interfaces Groutiiw, lnsKst InsTat InafTst ins/Tst lrtsKst Inflst Inflst

References & Isolation ln~st lnslTst ln~st In#fst lnsKst lnsKst lnsKst
)

‘ZD Isolation
Inspct I Inspct Inspct Ins@

Fault VW’- ~’m’ ‘m~lm~ I Test+ I Test+ I Test+ I Test+ 1 T(

Wring ~--.so. Inspct Inspct I Irtsp-. -. .. .

t

EE _
Differential Driversl Ins@ I Inspct I Inspct

–est+ I Test+ I Test+ I Test+
ct ] Irrspct I Inspct

w,,- -. ““, .-.. . . ---

nndmn I In* I Insect I Insect I
ar Array) IAbbreviations: System = Spa caeraft with Instruments; EPS. Eleetncal Power suBsyslem {NO sol;

BPC. Battew Power Controlled PDU- Power Distribution Unit; BATAs- Batte IY Assembly; FDB= Fuse Dktribution

BOX;EPC= ElectricalPowerConverteqADE= Solar Array F- “------
I 1

SAD - Solar Array Drive;SSU= SaquerrtialShunt Unfi SAA = acwar

EPS allowed Emissions measured at the PDU; Test -Oualiiication

S,O,p=Uti u-r test shall Survive, operate, Perfor-- ‘-7 I-----
Inspet. Inspaet; Anal=Analysis; lr@Tst. Inspect or test as app

IJIIVWElo&llulm&=, I I 1 1 J
‘-’ -- Array Assembly; I I

Tast; Test+ .Oualiication 6Accept. Tests;—
rm; I-I - ifl~wdor test at I&T; I

‘icable; I

JS equipment are tested together; Note 3 = SSU tested with a SJV4circuit for RE02~Note 1= EP
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Table IV. EMC Requkments Matrix (Continued)

rement iE-Accom hSrMOJ I lPropulsion IEMC Requlr GN&C

I Pm I MLI I HCE I Htre j PMEA I Thrstrs [ PXdcr MTR RWA

CE RIPP’- “---’ “-”—
CE Rlppr-=
CEO1 & CE03
CE P-mnm-

m-rrmmr~ ruwm 1

‘“- ‘xmdarypwr ] Test+

1 Test+ WI HCE I Test+ Test+

. -,,,,,,wa, Mode Test+ WI HCE I Test+ Test+

.- 1
&----
RE02 QYSLWIII 1
RE02 Inatrumanti YC Equlpt. Test

1 I 1

#s..A-- @sys @sys
Test+ WI HCE Test+ Test+

TeS+I
=Eti lnetnlmmW S/C Eaulpt. Test WI HCE Test @sys @sys Mess. Test+

1 . -“. . I . --- ----- . . . .—-.
— i

---- .. .-” -------- -- - .

CS01,CS026 CS06 Syste
CSO1 &CS02 !nstJ S/C Equlpt. I TnstA I I Tasf I Tasf. WE PC I Test I I Test I

CSO& Instrument, S/C Equlpt. I Test+ I I Test I Test, wIEPC I Test 1 I lest I
CS06 epplicabte Ilmit(
CS03, CS04, CS05, AI.. . . . .
RSO1 Inatrumentl S/C Equlpt.
RS03 Perfom
RS03 On-Orb

1$ = S,o S,o S,o I S,o
lit Dnn

P P WI HCE P P P P,w/ACE P

n
}it I I I I I I
. P o D Q D In dAd I

. I P WI HCE

l-” -- -.-s .-. -y-p. m . ---- , -. ..-.
,@ M--.+e En”. I I I Test I W/HC[

---IS I I I Test ] w/ HC[

RS03 Launch 1 , w,.,--,

RS03 WC Internal Equip. . P
R~~ C/e cv~nrn.1 Em IIn I TactA I 1P I WI HCE Test P P P,w/ACE

DL maw,UUI : Test Test

Magnetic Propernte : Test Test

EMI Sataty MarglrVSuparpos. Anal Anal 1 Anal Anal Anal Anal Anal Anal Anal

Bonding Spacecraft System Irwlst Inmst [ lnsKst ln#Tst InWst Inflst krMTst insKst lndTst
Q*mAIn” =“,,1- I in. tn Imm”tm lRT lRT IAT IzT 12T 16T l&T l&T

corm. ●rto Sftleld Bonomg I es+ I esw mspm I ear+ I eat+ Test+ Test+ Test+

Groundi ng, Ref. 6 Isol. Inspct Inspct Inspct Inspcr Inspct Inspcf lnspct Inspcr Inspet

SRP Grounding
Structure Grounding Teatt18cT l&T l&T

Prime Power GKW~’M”* DD= IRT l&T l&T l&T l&T i6T

Prime Pwr wiring isoi. ... . . _.__.-, flat+ Test+ Test+ Test+ Test+
P+....;. O.*4W *A cnDl lfiT IfiT IRT 11T

“ulm”vm~ b “, . r “,- ..”,,.-,. ..7 I ,- , 1 I .- , 1 .- . I .- . .-

. . . . . . . . . n -. I -.1,.–— ..1+ -—.1- .-

K)nemak mcwn~ JWHIWI

Thermal Blanket Groundin

,,nn,~-., , ,., 1 .S , 1

fmm Cha=eid l&T Test+ TL. ----
WI@n-la mumm“,,~ ,“ U,.. 1 i&T l&T i&T l&T , .-. , .-. , .-. , .-.

*1- 1*----- 9--i-*l- 7 I
.- —..—.. lg MT 1 1 I I

f. i&T l&T l&T
in-st

ion Test I 1 I I I I

Secondary Pwr Ref
Slqnal Interfaces Groundin~
References & Isolati

Ikkalod Raturnsl Inspct II
---------.----

SiOl!nal Interfaces Grounding,l I

I I i&T I l&T I l&T
I lnsKst ] I lnstTst I ] lnsIlst

I lns/Tst I I lnsJTst] lns/Tst 1 Ins
1 Inspct I. Inspct i Inspcf I Inspct I Inspct inspct Impel

frst Ins/Tat lrlWst
I In-et I I Ins/Tat I ln~st I lnsfTsf lnsKst Irwlst
I I

-.
References & Isolati

EED Isolatie,, .“
Diierential Drivers Inspct Inspct Inspct Inspct Inspct Inspct Inspct

Feult Wire Grounding Test+ Test+ Test+ Test+ Test+ Test+ Test+ Test+ Test+

Wiring Design inspet inspct inspct Insper Inspct Inspcf Inspcf Inspct

Abbreviations: Elect Accom - Electrical Acmmmodations Equip. ; PRA - PYro Relay AssY; hgaDE - High
Gain Antenna Deployment Electronics, MTR -Magnetic Torque Rods; RWA.Fieaction Wheel AssY;
TharmA . Tharmd I%t tinrnnnt . Ml I .MI dtilavar lnei!lation. HCF . Hna?ar C%nrml Flectmnics. I

itar Ekments: Pmnulsion = Pmoulsion Eouioment: PMEA - Proouision Module Electronics Avionics: ! IHtrs-Hea._. . .. .... . ... . . .-r ____ . . . . . _l. ,
Thrstrs - Thrusters; PXdcr= Pressure Transducefi Test=Ouaiification Test; ] I
Test+ =Oualiication & Acceptance Tests; S,O,P = Unit under test shali Survive, Operate, Perform; I
lJzTAnsnafi ctr tasf at IJRT:ins-- Insoect: Anal=Analvsis: lnslTst - Insoecf or test as aoolicable: P.pwr -prime power
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Table IV. EMC Requirements Matrix (Continued)

— ,----- 1 1 I I I I I I I
EMC RSqUlrSItWnt

CE Rlrwfs-PrlIM
CE Rltmla-~d@w w I I 1
CEO1 & CE03 Teat+ Test+ Test+

CE Common Mode
mm

mary Powar I I I I I
—

Test+ Test+ Test+ Test+ Test+

I Test+ I Test+ I Test+ Test+ Test+ Test+ Test+ Ted+

) I 1 I 1 I 1 1 I I

% I I—

I I !mtem 1 I 1 1 1 1 —

REOZSyatern
RE02 lnetrumenfl SIC Equlpt. I Test+ I Test+ I Test+ I Test+ I Test+ I Test+ I Test+ I Test+ I Test+

RE04 SY
RE04 lnatrumenU YC Equlpt. Test+ Test+ Teat+ Test+ Test+ Test+ Teat+ Test+ Test+

csol,cso2&cso6mm
Csol &cso3lnatJS/c EWIPt. T,w/PSU T,wIPSU T,wIPSU T,wIACE T,wIACE T,wlpSU Teat Test T,wIPSU

CSOG hatrumant, S/c Equlpt. T,wIPSU T,w/PSIJ T,w/PSU T,wIACE T,wIACE T,wPSU Teat Teat T,w/PSU

appfleable Ilmft(e) = S,o S,o e n en en .QO S,o S*O
CB03,CS04,CS05, Ant
RSO1fnatrumanUBIC Equux
RS03 Parform
RS030n-Ort”
RS03 Laund
RS03 S/C Internaleq
RS03 WC External Eq.w. r 1 . .—- -—-
DC MagneticEnv. Test Teat Test Test Test Test Test Test Test

Megnatlc Propartles Test Teat Test Test Test Test Test Test Test

EMI Safety Mar@rVWparPo . Anal Anal Anal Anal Anal Anal Anal Anal

Bondln9 Spacecraft Systems InWst Insfrst lnaKat 1~~ l~sf l~st lnrJTsf I:%st In#Tat

Bonding Equip, / Instruments l&T l&T l&T 18T l&T f&T l&T l&T l&T

Corm. ●nd Shlald Bonding Test+ Teat+ Test+ Test+ Teat+ Test+ Test+ Test+ Tast+

Grounding, Rsf. & Isd. Insp Ispct Inspct

J 1 a,v W*W I “,” 1 -, .

Port
“t. P P P P P P P P P

Nt

h s s s s $CSL face

-.--ulp. P P P P I P
I---- D D P P 1PPxt fncc

Ctlhlsfxt Inspcf Inspct InsPet I Inspct Inspct k

RPGroundlrw I I
---- —J.—— I I I

T l&T l&T l&T l&T I
-. -.

WIJerU re kmunomg I
Prima Power GrDunding at PPR l&T 161 l&T l&T

Prims Pwr wiring isol. from Chassis Test+ Test+ Tesl+ 1est+ I 1Sal+ I es[+ Test+ Tast+

Chassis Bondinqto SRP 16T l&T l&T UT 16T l&T l&T l&T l&T
~,ma~- ..-..-. ,.-,41--- 1Jc Inoum ISOIULIU1l 1 I 1 I 1 1 !

-. .
t Grounding I I I I I
“ -1 I I-T I lET I IIT l&T I l&T IAT l&T

km& Acceptance. Tests; I I
a,u, r - urw w W-I ma aIIaII -,.,.., VY9.-.-, . 8tiorm; I I I I
l&T=lnspact or test at MIT; lnacKx=Irrawct ; Anal-AnalYsis; I#Tst - inspector test as applicative;P.Pwr -Prima Power

I I I
I I
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Table IV. EMC Requirements Matrix (Continued)

EMC Requirement C&DH I
Scc CTIU BDUS SFE SSR

‘- Wppl*Prlmary Power
?lppt*Secondary Pwr
1 & CE03 Test+ Test+ Test+ Test+ Test+
>mmon Mode Test+ Test+ Test+ Test+ Test+

6
2 System
2 Inetrumti S/C Equlpt. Test+ Test+ Test+ Test+ Test+

I
1 aymwrrl I 1 1 I , ,

‘- -----– --’ -’- ---’’-n. Test+ I Test+ I Test+ I Test+ I Test+ I
1

503 Perlor
1s03

iqulpt. I Te
~ B/C Equlpt. Test 1 Test I Test—

T— —

BSt 1 Test I Test I Test I T{
last ‘ -

1 1 1 I I

Bat

[ I est

b,u *,U D*U C)*U S*O

~G-, AllI FWl

ment/ WC Equlpt. P P P P P

m
\ On-orbit
,.

h P

I P I P I P I P I P I
I

1 I es I Ies I IUst I IUst

Test Test Test Test

rnal EqUlp. I I I r I
--—- 1 *--- i -... 1 7-. A Test

Test

EMISafety Mamlfiuperpes. Anal Anal Anal Anal Anal
Bonding Spacecraft System lnslTst InWat lnaKst IndTst lnafrat
Bonding Equip. / Instruments l&T l&T l&T l&T l&T

Corm. and Shield Bonding Test+ Test+ Test+ Test+ Test+
~ Ref. & kf. Inspet Inspct Inspct ktspct Inspct

I
Groundlr’q
SRP Grounding

StructureGraundkyIl I
Prime PowerGrounding at PPR] l&T l&T l&T

Prima Pwr wirinc ‘--’ ‘--– “---:-’ ~-- ‘-- ‘--’” ‘ ‘

m
Secondary 1%
Signal Interfa
References & rsolat

DaalcaIeu meu.rrnsl mspcr 1 Irq.wx 1 w1>~-1 1 llrqJbl

Sianal Interfaces (

18T l&T

9 Isa. worn bnassm rUSI+ I Ual+ 1ual* rest+ Test+

&s Bondirtq to SRP l&T l&T l&T l&T l&T
mm Isoletlon
tket Grounding l&T
wr Ref. Test+ Test+ Test+ Test+ Test+

Ices Grounding, Insfrst In#Tat ln~st In#Tat hts/Tst
-.

‘ tion
._I,--. _J m------- ,---- I---A 1---- l-- Inspct

Groundincr, lnsfTst MTst In-at I-sf 1~~
& Isolation lns/Tst indfst ln~st ln~st ln~st

:D Isolation
... -, --.. .---1 ,---- I 1---- I---A 1--- ktspct

I References
cc

, . ..s - -, ””,.”,..- 1 .- ”.. , ---- r‘E&t+

]S,O,P = Unit under mat shall Sunrive, Operate ❑

Iata Urtits PSLL Power Swkchinq Unit;

uwrr- ~-~eptanee. Tests; I
~,/erfonn; I I

,“ , - .. .-”. -. .“”. . . .- ! , ...- .—...-r ---- - mai=Anaiysis; P.Pwr -Prime Power
Itist. Inspeet or test as applicable;
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Table IV. EMC Requirements Matrix (Continued)

EMC Requirement Communicstlons Equlprnent
SBT SBIU S-Filter OMNI HGA MO KSAM

CE Rlppl#rlmetY Power
CE RIPPIa—saeOndsry-
-en< & cm Test+ Test+ Test+ Test+

ommon Moda Test+
Test+ with SBIU & S-Ftier Test+ Test+ Test+

w—Ciifi
RE03 SYSWI

RE03
RE04 ur=.ci.,
RECMlnstrumenU S/C Equlpt. I Test+ I 1esl+ [ I sVAnaI I I Test+ I Test+ I Test+

CS01,CS02 & CS06 s~
I

n

! lnstrumenV YC Equlpt. Test+ Test+ TsVAnal Test+ Test+ Test+
I CUdq

-.. . . *

fstem I I 1 I I

[CSD1 ~CSOZ lnstJ SIC Equlpt. Test
To-. ! +.-. ! 7.-. I

— m 1 1 --
El 1 1em 1 10s1 I

Im

nit(s) = I S,u 1 I I 1 a, w 1 a,u 1 .
--—. -–—- T

~ instrument, WC Equlpt. I Test I I I I ieat 1 Test I Test

cS06 applicable Iltt
-- en en 5&

cS03, CS04, CSOS, Ant Port Test+with SBIU & s-Freer Ies t“eat

RSO1 Inatrumantl S/C Equlpt. P P P P P P
R* F3—AH I I

RSW LUUK .,-- v, “ ““. .” “,... . . ... , I 1

RS03 SC Internal Equip. I P I P lTest w/ S-Band SYS. P P
I I

@ )3 SIC External Equip. I o P 1 I
ti.q~lc EnV. Test Test Test

1- n..----l-. T.& Tad I Tast

[Bondi~ SPOoscraft System I ln~st I Inarrst I Ins/T:
— ..— ___

DC h=
Megndc rrwfzw ..= 1 , W=. 1 , --- 1 ---- , Test Test Test

EMI Safety MarqlrVSuperpoa. Anal Anal ! Anal Anal Anal Anal Anal
—

–n lnalTst I@Tat InWst Ins/Tat

Bondinq Equip. / Instruments l&T 16T I&l l&T l&T l&T l&T

Corm. and Shield Bonding Test+ Test+ Test+ Test+ Test+ Test+ Test+
G~UnA1-. Od S. I.-I ln- lmWWr Insact hand Inspct Inspct Inspct

11W1D8W, n-a. m --9. 1 ,,, -. , .. —- . ..-r -- , .. --r.-

---- .-a, -- 1 1 I 1 1SRP GIuunoIrw
Strudure Grounding

Prima Power Grounding at PPR l&T l&T l&T l&T

Prima Pwr wifing isol. from Chassis Test+ Test+ Test+ Test+

ChassJs Bondkm 10 SRP l&T l&T l&T l&T l&T l&T l&T

Klnamatlc MoII~ l=l=tl~
Thermal Blanket Grounding I I 1 I mlI I l&T

Secondary Pwr Ref. Test+ Test+ Test+ Test+ Test+
— — — .- .-

----- ----------
1 ,.- 1

Slgnei Interfaces Grounding, I lndTst 1 InWst I InWst I lnWst I Insrrst I ln~ 1st I lns I sl
Da#&--- a IHI**IM

I I 1 I t I 1
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Table IV. EMC Requirements Matrix (Continued)

---- - . . . ..———--- ‘--——”-’--*’-— ‘-. ”%ment I I IeMb neq,nrernem lwmmuni~uuurt= rquIp

[DASAntl DASTXl UC I DASM IWG Swl DAS ~lktl

CE Rlppbprimary Power I
CE RiPpt*se “ -

CEO1& CE03 I Test+ 1 Test+ I Test+
CE timmon Mode ] Test+ I Test+ ] Test+
CEos Test+; Tast DAS component
RE02 System

r I I 1 1 1 1 1

mnoary mm I I
I I I I

ts as subsystem I I

‘CEquipt. Test+ Test+ Test+ TsUAnal
I

W SIC Equipt. Test+ Test+ Test+ Tst/Anal
-- e..A. m I.- +_- ‘eat Test I

eat Test
.-

RE02irtatrumanU W
RE04System
RE04 inatruml
CS01,CS02&Lw aysmr
CSOl &CS02 htJ S/C Equlm. I i Ie= I
CS06- Instrument, SIC Equlpt. Test ] ~
CS06 applicable Iimit(j -

‘ --, -

CS03, CS04, CS05, Ar
~-” “

., ---

s) 1 I S,u [ S,u i S*U

ntA I 1
1A.PortTest+; Test DAS components as subsystem

n mawumerw WG Equipt. P P P P I P

)3 Perform
- A— A-.. I

RSO
rwJ W-urDn 1 1 1 I I
RS03 hJfWil S; Test; Testlanaly. DAS components as subsystem
RS03 S/C Internal Equip. I I
RS03 SC External Equip. P P P P lw/13A.S TX

DC Magnetic Env. Test Test Test Tast I I0s1 I I esl
Magnetic Propertied Test Test Test Test Test Test

EMISafety MargirVSuperpos. I Anai Anal Anal
Bonding Specacmft System ] In@Tat inslTst lnsfTst II

BondingEquip. / Instruments l&T i&T l&T .“ ,
Cortn. ●nd Shield Bonding Test+ Test+ Test+ Test+
Grounding, Ref. 6 is~ Ineru+ ln- Irrervt lmmt
-—-- ..

, ,... ---- .-
1 +--- 1 +--

t I I. I I

Anal Anal Aria;
lnsKst lnsKst InWet

19.T l&T l&T

Test+ Test+

.-. 1 ,, .”-. , .. .. . , ...-r-. , ...7-. Inspct I Inspct I

SRP Grounalng I I I I I I I
-— ------ fi._. .-x-
wucwre oruumrrq

PrimsPower Groundktg at PPR l&T l&T I laT I 1 I
Prims Pwr wiring iaol. from Chassis Test+ Te@~* I Ta.Et* 1 I-.---2-----l!___-r.mrlla-r ,.7 1,7-.7 ! -.T.T !

16 I la I I&T l&T l&T l&T

l&T
TaetA T9st+ Test+

InsJTst lnsAst

nassw =ml q 10 amr
..- 1--l-al--Klnamatic Molrrwwurmtrvr~ I

Thermal Blanket Grounding I
sacendnN Pwr Rd. , ,.Z-. Y,,.

Slqnel Interfaces Grounding, I infist I lns/Tst1InsfTstI in~st
References & Isolation I I I I

Dedicated
Sjg@ lntr.A. . . . n,

—

~ Returns Inspct Inspct ln~st
cl Iabu= Urourrcting, ln#Tst InsKst lnsKst I

References 8 ‘--’ --’-- ‘--=-’ ‘--=- ‘--m-” ‘

Inspct lnspct

lnsKst lnsKst

s Iswawrq Irrsi I SI I Irw I St I Inw I SI I hJTst Indht
s i--l -.:--l I I [ IEEtJ lWldUW1l I

Dtieremial Drivers Inspcl Inspcf Inspct Inspct
Fault Wire Grounding Test+ inspct Test+ Test+
Wtring DesJgn Inspct Inspct Inspct Ins@ Inspct Inspct

,fi~=. ndc- n,,- A~acc $bAes. nAS Arrt. ~AS Farth Coverage Ant;lAbbreviati~l.-. -r--- ------ ..—--- --...-, . . .. . .. ... ---- . . . .-------
UCIFS= DAS Upconverter and Freq. Standard; DAS Filter.DAS RF Filu
DAS TX. DAS Transmitted DASM= DAS Modulator; WG SW- DAS Wavqw
Prop- Propulsion Module ( tanks, Frame); Hskpg - GN&C, COM, C&DH EI IW.WI.=, I
RWA = Reaction Wheel Assy Enclosures; Test -Qualification Test;

Test+ -Qualification & Acceptance. Tests; S,O,P. Unit under test shall Survive, Opa rate, Perform;
lndTst . Imenact ortast as anolicable. P.%vr -Prime Power
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Table IV. EMC Requirements Matrix (Continued)

. ..— .— I I iA82TCD I i I I I I

war I I I I 1 I 1 I 1 1 I

EMCRaqutrwnent ~lnmrumenIs I I in-lhn

I CERES I MOPl~[ MODIS [ MISR I TIR I SWIR i VNIR I
I ! ! I

VEL I CSP I MPS

CE RlppkPrlmeW Pm
CE Rlppfa-Secondary Pwr I I 1 I

CEO1 & CE03 TeSM Test+ Test+ Test+ Test AsterPrimsPOWIWas combined SUbSYS~ Test+

CE Common Mode Te~+ TOQ+ Tgs+ Test+ Test &4ar prima Pow-as wmb~ subsysem Test+

Cma I I 1 I
----
RE02system I
RE02fnetrumantiSICEqulpt. I Te

i I 1 ,

I
Gt+ Test+ I Test+ Test+ Test+ Teat+ Test+ TeS+ I TeS+ Test+.

i+ IT8S AStW RIMS Pm ss COMbiIW subsystem I Test+ I

RE04Sym 1 1 , 1 J

RE04lnatruMwsV SC Equipt. Test+ Test+ Test+ Test+ I Test+ I Test+ I Test+ I Test+ [ TeS+ I Test+

CS01,CS02& CS06 system I

CSO1&CS02 krat~S/C Equlpt.
CS06- Instrument, S/C Equlpt. lTest AStW twma Pmvaf as coffr~ Subsysw I Test+ I

CS06 applicable Ilmlt(s) = S*C
~,=, CS05gArt~‘--
RSO1 lnatrunenV B/C Equlpt.

ats and ParfonrI tirnifsare aprhd to ha MP

mm
. .

P P P P P P P P P P

P P P P P P P P P P
. n n n 1

I = [ G 1 . 1 1 , 1

auip. I I I I t I I

Ict hlspct Inspct I Inapet Inspct Inspct In@-

%Q I I I I I 1

RS03Perform
RS03On-Orbit I o I o I o I u I u I u I w o1 w 1 w I

RS03Launch e @ c c s s s s s R

RS03 wc Internal E(.
RS03 SIC External Equip. I

DC Me9ttatk Env. Test+ Test+ Test+ lest+ Test+ Tea+ Test+ Test+ y~: :~: -
Magnatic Properties Test+ Test+ Teat+ Tea+ Test+ Test+ Test+ Teat+
EMISafety MarglrVSupeP8. Anal Anal Anal Anal Anal Anal Anal Anal Anal hid

Bonding SpacecraftSystam lr@Tst Ins/Tat ln#Tst ln#Rit WTst MTst Itis i~s lnm~ i~~
Bonding Equip. / Instruments l&T l&T MT l&T BT l&T l&T l&T l&T l&T

Corm. and Shield Bondinq Test+ Test+ Test+ Test+ Tsst+ Test+ Test+ Test+ TeS+ Test+

IGrounding, Ref. 6 Id. Inspct Inapct Inspct Inap

SRP Groundin
Swam Grounding 1 1

Prima Power Groundhw at PPR l&T l&T l&T MT 13T 181T 18T l&T l&T li%T
Test+ Test+

Chassis Borrdinq 10 SRP Inspct Ins@

Klnematlc Mount Isolation l&T l&T l&T l&T l&T l&T l&T l&T l&T l&T

Thermal Blanket Groundinc! l&T l&T l&T 1sT l&T l&T l&T l&T l&T li3T

Secondary Pwr Ref. l&T l&T l&T 1sT l&T l&T l&T l&T L%T l&T

Signal IriterfacasGrounding, h@Tst lnsKst ln9Tst IrMat lndTst WTst InWst Insfist lnWQ WTst

References & Iaolatlon
Dedicated Returns Irrspct Inspct Inspct Inspct Inspct Inspc t Inspct lnspct Inspct Inspcr

Sk@ Interfaces GrorJnd ng, lnstTst lnsKst InWst Insfrst InWet l~st 1~~ InWst Inmst Intist
References & isolation lnsJTst inflst ln~~ l~st ln~st ln~st ln~st l-s~ ‘n~st l~st

EED Isolation

Dtierential Drivers Inspct Inspct Irtspct Inspct Ins hrs~t htspct Inspct inspcl Inspct

Fautt Wire Grounding Test+ Test+ Tesl+ Test+ Test+ Test+ Tast+ Test+ Test+ :St’
Wlrfng Design Inspct hwpct ..lnspct hwd Inspct Inspct Inspct inspct Inspct

Test - Qualification Test; Test.

Survive, Opa rare, and Pea-—

I&T- Irrma et or test at M
Ca-- i----- . . . . . . .

+ - Oualificat”mn 8 Aeceptanca. Tests; S,O,P - Unit undertest shatl I I
r 1 I J

❑IIUII1l; I I I I I

LT; Inspct = Inspect; Anal=Analysis ; P.Pwr =Pnme Power

Ins I m = mspmtw tW=Ids awl icable;

I [ I 1 I I I I I I

,
1 ! I 1 I I I I I 1

I I I I 1 I 1 I I I I 1
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A
200 kiio amperes

100 @ec

(a) Lightning current

75 amperelmeters
4

100 @ec

(b) Aperture coupled field, A-component

amperetmeter

# # * t

(c) Diffusion coupled field, B-component

Figure 3. Lightning Threat
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~bsystem

quipment Modules

lajor Assemblies

tsermrd

2kDH

ixnmtrnicatim

;N&C

‘ower

Harness

Grousr A - CSO1/CS02.C506,
1-
2-

:omponent

MADIBattery
‘orntn/C&DH
iN&C/Sensor
olid State Recorder

Table V. EMC Qualification Testing
A Group Test B (%s3up Test System Test

1
1

,WA

[GA
AD
olar Array
ropulsiori M6dule

[eaters and Controllers
‘emp. Sertsots
‘nzwtsre Transducers
[eater Controllers
,olenoid Valves

m
;Cc
IDU
FE Equipment
BDU

kBand Transponder 1
bBand Omrti Antenna
&Band Falter 9
;BIU
kkster Oscillator
lnterma Feeds
Cu-Band EkCW)ttiCS

{GA
hs-Band Modulator 1
>AS Equipment

Ru
4CE I
Star Tracker
Psu B
3-Axis Magnetometer
UWA
ESA
ESE I
WA
Magnetic Torque Rods
Accelerometer Unit

Solar At7ay

1
1
1

x x
x
x
x
x x

x
x

x x

x
x
x
x
x
x x

x
x
x

x
x x
x x
x x
x x x

Solar Array Drive
Array Drive EkXrcmics
SA De@O)f Ekc.

Baneries
BPC

.
3
3
3

4

g ;
x D
3

“- . I

I I lx
i02.REo4,RSOl. RS03, Mag prop.; Group B - cso3.4.5

T&ling at quipmenl module kvel not rquired. Tests maybe performed on a case-by-case basis for risk reduction.
Solar Array SPA tesled with EDM SSU to evaluate radiatsd performance objectives.

3 – Conductcdetnksions tests are tailored to meet system performance ob~ctives.
4- Batteries tested with BPC to determine compliance with radiated perfomra= objectives.
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4 SPACECRAFT SYSTEM EMC REQUIREMENTS

4.1 Radiated Emissions (RE02, RE04)

The Spacecraft shall not radiate unintentional broadband or narrowband electric fields in excess of
the limits given in Figure 4.

The Spacecraft shall not radiate unintentional magnetic field emissions in excess of the limits
specified in Figure 5 when measured at 1 meter.

4.2 Prime Power Quality, Ripple and Noise

The Spacecraft Prime power line conducted ripple and noise shall be limited to less than the levels
in Figure 6 when measured at the power distribution unit (PDU). This requirement is to be vertiled I
by time domain measurements. Test measurement details will be described in separate
documents.

120

100

80

60

40

20

0

-20

EOS AM System RE02 Limits
t J 1 I I J U&

2’4kFlz,97.5dB@J/rnfMHz 1BGHz, 110dB@//m/MHz~

/

18GHZ,
77dBpVlm

+-

Measurement Bandwidth NB 13 dByV/m
BB 19 dB@hVMHz

I ~ I I I 1 M

104 105 106 107 108 109 10’0 10”

Frequency,(Hz)

Figure 4. Spacecraft Radiated Electric Field Emissions Limits (RE02)

test
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2.8

105

95

85

75

65

55

\

RE04 Limit

63dBpT,
4.46 kHz

101 dB pT,
30 Hz to 50 tiz

\ 1
\ v

. *

10Hz ~ 100Hz 7 1kHz

Measurement Bandwidth

, m d

10’ 10* 103 104 105 106
Frequency (Hz)

Figure5. Spacecraft Radiated Magnetic Field Emissions Litit

i
f I I I 1 1 !

I I t

t

r I [ I 1 1 I

1 I I I [ t
volts- -

b

I 1%I
30 Hz

50 kHz 400 MHz

q
1 I m I 9 1 I \l 1

1/ I I x
I I I \ r

n i 1 l\
I I

I I

, +

MS vlalue ~hall ,
not exceed” the P=P
limit divided by 2.8 l.._ .,,”.7 .- -1 1

‘;0’102
Figure 6.

103 104 105106 107 108 109

Spacecraft Prime Power Ripple Limits

)56 Volts
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4.3 Radiated Susceptibility and Definition of Stieptibility Criteria

The susceptibility criteria for the Spacecraft is divided into three petiormance categories. These
categories are sumive, operate and perform. The applicability of the applied Environmental levels
for Spacecraft equipments is detailed in Section 6. 1

The susceptibility criteria for instruments is specitled in Section 5.3. The susceptibility criteria for
Spacecraft equipment is spcciiied in Section 6.3.

Survival is defined as the ability to withstand the applied environment without any permanent loss
of performance capability. Survival is required for both powered and unpowered states.

Operate is defined as the ability to execute all functions except to take scientific data accurately in
the applied environment. Operate is the ability to withstand the applied environment without
malfunction, loss of capability, change of operation state/mode, memory changes or need for outside
intervention. Operate requires that the survival criteria be met.

Perform is the ability of the Spacecraft or Spacecraft equipment to meet its specifkd performance.
Perform requires that the Operate criteria be met.

Table VI. Spacecraft Susceptibility Requirements 1
Spacecraft Equipment

Test Survive Operate Performt5j

RS0311J y(6,4) y(6,4) y(6,4)

RS03(3) Y Y Y

Magnetic Properties(7) Y Y Y

IY = Applicable
N= Not Applicable
D = Degraded Sensitivity, Test Plan shall specify limits
(1)Composite of normal checkout, Atlas, Titan, and launch susceptibility levels (Figure 7)
Q}On+filt susceptibility levels (Figure 10)
(s) Spacwtit generated susceptibility levels (Figure 8) I
(4)By test or analysis

I(5) Definition of susceptibility (i.e., criteria for performance) defined in test plan.
i(6)Launch environment and launch environment reduced by equipment module shielding where

applicable.
(7)Immunity to Spacecraft and Earth generated magnetic fields
(8)me CS06 Survive levels are (TBR-1)

4.3.1 Radiated Susceptibility, Electric Fields (RS03)

The Spacecraft shall meet the following criteria when subjected to the susceptibility environments
specified below.

The Spacecraft systems which are necessary for launch shall perform when subjected to electric
fields over the range of frequencies and at the levels specified in Figure 7. Figure 7 is the applied
maximum level of the WSMC launch environment sources listed in Table VII and the I
launch-vehicle-generated environment.
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Figure 7. Launch Radiated Susceptibility, Electric Field (RS03)

Table VII. High-Level RF Sources for EOS-AM Spacecraft Launch

Low - High Peak Avg. Ant.
Theoretical Measured

E-Field E-Field
Avg.

Equipment Frequency Power Power Gain Peak Peak Intensity Modulation
(MHz) (w) (w) (dJN (v/m) (V/m) (Vim)

Titan High Level RF Environment

WS S-band 17.28

WJS C-band 22.50

Atlas High Level RF Environment

;–band 2202.5- 12.0x 5.0 x 3.40 21.20 FM
:elemeuy 2206.5 2 2

;-band 5765.0 700.0 1.0 3.40 142.80 3.198 Pulse
‘racking
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The Spacecraft systems shall survive when subjected to electric fields over the range of frequencies
and at the levels spec~led in Figures 7 and 8. The peak transmitter level in Figure 8 for S–, X-, and
Ku-bands are the worst-case applied maximum level of Spacecraft sources listed in Table VIII.

X-Band = 18 V/m, 8.0025 GHz to 8.474 GHz

S-Band =50 V/m, ~
2.272 GHz to 2.303 GHz

The S, X and Ku band RMS levels
are based upon a CW signal vvith
a 8dB magin. The actual level for
a given frequency is dictated by
the BW and modulation listed in
Table Vlll.

RS03 Limit = GEVS + On-Bead Transmitters

●

!
-

GEVS Z 2V/m 14k-2GHz, 5V/m 2-1 2GHz, 10V/m 12-18GHz

-

104 105 106 107 10* 109 10’0 10”

Ku Band= 22V/m,
14.884GHZ to
15.184 GHz

Frequency (Hz)
Figure 8. Spacecraft Generated Radiated Susceptibility, Electric Field (RS03)

Table VIII. Spacecraft-Generated EOS-AM RF Sources

Center
Modulation Bandwidth

VolWm
Transmitter Band Frequency

‘lJpe (MHz)
@ Inst

(GHz) (Epeak) 1

HGA Ku 15.0034 SQPSK 300(1) 22

HGA s 2.2875 SQPN &15(l)

OMNI-TDRSS s 2.2875 SQPN &15(l) 50

DAS-DP x 8.2125 SQPSK 300(1) 18

DAS–DB x 8.2125 SQPSK ~(l) 18

DAS-DB/DDL x 8.2125 SQPSK 420(1) 18

OMNI-GN s 2.2875 PSK/PM 2.l12@) 50
–DSN s 2.2875 PM 2.112 50
–WTs s 2.2875 PM 2.112 50

(1) Width of main lobe of the transmitter spectrum (null to null).

(2) 16 kbps hi–phase data PSK modulated on a 1.024 MHz carrier which, in turn, is phase
maiulated on the RF earner with Beta = 0.8 radian peak.

I
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4.32 Radiated Susceptibility, Magnetic Fields (RSOl)

The Spacecraft EEDs shall not be degraded after exposure to the lightning fields specified in
paragraph 3.3.2. Equipment necessary for launch shall petionn during exposure to the lightning
fields speci.fkd in paragraph 3.3.2.

The Spacecraft equipment, components, and subsystems shall perform when subjected to the
Spacecraft magnetic field requirement of Figure 9.

All Spacecraft equipment shall Perform in the magnetic fields shown in Figure 9. Figure 9 shows
the estimate of worst case magnetic fields at various locations on the Spacecmft produced by the
magnetic torque rods.

The Spacecraft equipment critical and necessrq for launch shall pexform during exposure
10 Gauss (1,000 pT) Static Magnetic field.

4.3.3 Radiated Susceptibility, Electric Field On-Orbit Environment (RS03)

to a

The on-orbit electric field levels of Figure 10 and Table IX is the RS03 environment for the EOS
orbit as reported by the Electromagnetic Compatibility Analysis Center (ECAC).

The Spacecraft shall perform when subjected to the on-orbit elecrnc field levels of Figure 10 and
Table IX.

4.4 Conducted Susceptibility (CSO1, CS02, CS06)

Spacecraft-level conducted susceptibility will be verified by compiling the component level test
data for CSO1,CS02, and CS06 to ensure that the Spacecraft achieves Electromagnetic Intetierence
Safety Margin (EMISM).

4.5 Not Used

4.6 Deployment EED Design

The Spacecraft design shall provide protection from premature deployment of electr~xplosive
devices (EEDs) in accordance with MIL-STD-1576.

4.7 Equipment Magnetic Properties

Spacecraft equipments static dipole moment shall not exceed 0.3 Am2 initially and shall not exceed
0.3 Am2 after torque rod activity. Torquer Rods shall be designed to limit residual static dipole
moment to 5 Am2.

4.8 Electromagnetic Interference Safety Margin

The Electromagnetic Interference Safety Margin (EMISM) for safety critical circuits (such as
EEDs) shall be 20 dB, vefiled by analysis or test. EMISM for other EMC critical circuits shall be
6 dB, veriiled by comparison of emissions and susceptibility test data.
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Figure 9. Spacecraft Torquer Rod Magnetic Fields
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Figure 10. Radiated Susceptibility, Electric Field On-Orbit Environment, ECAC Data
(RS03)
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Table IX. On-Orbit Environment Electric Field Levels, ECAC Data (RS03)

Frequency Electric Field Frequency Electric Field Frequency Electric Field
GHz volts/M GHz Voltm GHz VOWM

0.004 1.00 1.240 1.710 6.520 1.910

0.004 1.10 1.260 1.940 6.630 1.710

0.028 1.10 1.280 11.200 6.860 1.000

0.028 1.00 1.300 1.910 7.040 1.000

0.174 1.00 1.340 2.680 7.080 21.900

0.174 1.19 1.370 2.090 7.100 1.000

0.214 1.19 1.410 2.090 7.650 1.000

0.214 1.00 1.460 1.660 7.690 1.380

0.383 1.00 1.510 1.660 7.810 1.160

0.385 1.69 1.510 1.000 8.350 1.160

0.398 1.69 1.550 1.000 8.350 43.700

0.398 4.79 1.560 5.350 8.910 1.450

0.418 4.79 2.060 5.350 9.680 4.790

0.418 5.45 2.100 38.000 9.840 1.450

0.432 5.45 2.200 38.000 10.000 19.100

0.432 8.87 2.240 5.350 10.200 1.000

0.447 1.00 2.310 5.350 14.300 1.000

0.560 1.00 2.350 52.500 14.400 1.100

0.562 1.50 2.470 5.350 15.100 1.120

0.572 1.50 2.770 12.500 15.300 1.510

0.574 1.00 3.110 12.500 15.600 1.380

0.804 1.00 3.160 5.350 18.100 1.380

0.808 1.91 5.270 5.350 18.200 1.000

0.835 1.51 5.290 1.000 28.000 1.000

0.862 1.51 5.330 1.000 28.200 30.200

0.908 1.00 5.350 11.800 28.300 1.000

1.010 1.00 5.810 11.800 34.200 1.000

1.020 1.91 5.840 1.000 34.300 9.380

1.030 1.71 5.880 1.000 34.500 1.000

1.090 1.71 5.910 1.380 94.700 1.000

1.100 1.00 6.410 1.380 95.200 7.940

1.140 1.71 6.410 1.710 95.700 1.000
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4.9 Superposition

The radiated and conducted susceptibility requirements will be superimposed on the system critical
circuit under investigation to establish the EMISM. This requirement shall be verified by analysis
of equipment EMI test data.

4.10 Bonding

All metal components and electrical equipment shall be bonded to the structure grounding system.

The Spacecraft equipment and system electrical ground shall be bonded together so that each metal
to metal joint is S2.5 mS2DC resistance between elements. Spacecraft metallic structural elements
shall be bonded with less than 2.5 mS2between joints. Spacecraft mechanical structure which are
not part of the SRP shall be bonded together so that DC resistance is less than 10 S2between joints.

Direct bonding is preferred but movable metal to metal joints may use bonding straps providing
<2.5 mQ DC resistance and<50 nH inductance. Equipment modules shall be bonded to the structure

ground with a less than 2.5 mS2,and 50 W bond that does not restrict replacement.

All metalized layers in thermal blankets shaIl be bonded to structure by less than 1.0 QDC and
Q50 w inductance. All me~i~d layers of thermal blankets shall be bonded together with less

than 3.0 ohms across all layers. I

The Bonding surfaces will use conductive corrosion protection such as alodine for aluminum or
DOW 19 for magnesium.

4.10.1 Connector and Shield Bonding

Multipin connectors which utilize coaxial or triaxial contacts shall bond the overall shield contact
to the interface connectors shell with S 10 mQ resistance.

The outer shield of all cables shall be 360 degrees bonded to the interface connectors shell.

The outer shield of all coaxial cables shall be bonded to the interfacing equipments case with
<2.5 m~ resistance and <50”nH ~ductance.

The outer shield of all twinaxial &ta bus cables shall be bonded to the interfacing equipments case
with S2.5 m~ resistance and SO nH inductance

The case/outer shield of all equipments which connect to the Spacecraft harnesses shall have
sufilcient shielding to maintain the overall shielding performance of the interfacing cables.

The case/outer shield described above shall be bonded to the SRP (directly or via local ground
planes) with each bond contributing <2.5 mS2resistance and <50 nH inductance.

All connectors shall provide positive bonding mechanisms between mating connector halves and
shall have conductive finishes.

All connectors shall be 360 degree bonded to equipment case. EMI gaskets shall be used where
necessag. Each electrical bond shall be s2.5 mS2resistance.
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4.11 Grounding, References andklation -

The EOS-AM Spacecraft shall conform to the system grounding concept in Figure 11.

4.11.1 Signal Reference Plane Grounding

The Signal Reference Plane (SRP) primary truss structure shall have less than 2.4 pH inductance I
and 0.1 ohm resistance end to end.

Truss members conductive composite fibers shall be bonded to the Signal Reference Plane with less
than 1000 ohms.

The power bus shall be single point referenced (grounded) with less than 2.5 mS2DC resistance to
the Signal Reference Plane at the Prime Power Reference (PPR). The prime power bus shall not use
chassis or the SRP as power return.

The prime power bus wiring shall be DC isolated from shucture by at least 1Megohm when the SRP
is disconnected from the PPR.

The equipment mcdules will be grounded to the Signal Reference Plane via the interface connector
panel with s2.5 mQ DC resistance.

Each component, equipment case, and/or chassis shall be bonded to the Signal Reference Plane via
the equipment modules, direct connection, bond strap or local ground plane per paragraph 4.10. ~

4.11.2 Kinematic Mount Isolation

Kinematic mounts used for instrument mounting plates or for direct mounting shall provide greater
than 10 kohm DC isolation.

4.11.3 Thermal Blanket Grounding

All meta.lized layers of thermal blankets shall be grounded to the Signal Reference Plane either by
direct connection or by bonding to a local chassis or ground plane per Paragraph 4.10. R

4.11.4 Secondary Power Referencing

Each secondary power return conductor, (except when Isolated secondary power is used), shall be
grounded to chassis locally thereby providing a DC reference path to the Signal Reference Plane.
Isolated secondary power is defined as power which is not used to power “Spacecraft to Spacecraft”
intetiace circuits and power which is totally consumed internally.

Isolated secondary circuits may use an internal single point ground system when necessary and when
justifkd through appropriate analysis.

4.11.5 Signal Interfaces Grounding, References, and Isolation

The signal grounding between equipment modules, mounting plates,
conform to the concept in Figures 12 and 13.

31

or system elements will

DCC062893



~ Ri%rt$?.er.1.,’ POWER DISTRIBUTION UNIT (PDU) +lZOVOC

d J

---- ‘T --4 +!!3
EruaCapadt

--99

Prrmary powerbad
~UwdWIUrratum kad ~ I I

i-f

Solar Arra -

Sequential
Shunt Unit

Rtn +

I I I/c I
.

. ..9-.

m
..,...: .::,....,,,

,:

m

I Ii 111il
,
■

✎

m

~

1,
I
I

I
I
I

I

.

.

‘%
I

tic I,.. I;:;:/- ‘“;”‘ ‘
AlPrtme Power ~

--’n
Solar L

Reference

Signal
Reference
Piane

[ls!

II :-w IR5LIII

IWEE+‘?’
Corwarwrad-m-

UIaaakGnd

I Is%r %%au.
L 4

Shkld

Instfumamta or Equlprnent Modules

/’+
. ●mmmmmmmmm-.

?

9:::::::::.. .
. . :::::::::::. p

. . .

. . . Hexiqymid —

. . .
Equipmant. . .
aay. . .

. . . :::::::::::s

. . . ::::::::::::

. . . ------------

6?3... WI@ point Gmmd No&I

r

Low Irrq=km@ ElecMcsl Path
via Melallk SINCWre, or Fd
Pha M Ground S*LWP

13aarkal Bond

U L.+—==—w—
.----------..●mmmmmmmmmmm,::::::::::...mmmmmmmmmmm

. . :::::::::::: L-v

. . .:::::::::::
- ~~ R&fer~ Plane

. :::::::::::: Groundad

●mmmmm.=mmmm. . . . . . . . . . . .

M~kd sod Path
via Metallk Structure.

Intadacacon-of —
EOSAM %IUU=~ G~
RW JWSM 1113YQ2

Figure 11. Spacecraft Grounding Concept

,,



,.

Component or II;ISubsystem ii
DC/DC ‘ . ““”””<i

I Converter W

i
I

,

#
:

BDU or Component

J “c !iVor,lsd

Prim~-and Redundant

1

-h

I ‘Lzz Input Powr Foeda:,- .,
~ n .: Shielded Hamese

..,.,.,.,.,,,.,,... .... n I I
1 \

j \l :

(1) The low impedanca elackical bond paths to tho Interface Connector Panel irJ
custom developed for each Equipment Installation.

(2) Tho RF ground path to tho Signal Reference Plane is provided by mechanical
bonds between the Interfaco Connector Panal and the Sial Relerorme Pfana.

(3) An example of how ieolated DC power may b mad to impfement a apacifii
chaask wound or referena Irrmedanco ●t the sensor or similar circuit.

~lne6n6ment
Selected E’#C’a
value (3)

o

(4) Fauft Gr&$d wires are bondd” b tho connector sheff and Irr$erfaceConnector Panel I%%%fl
in the cannector haff which is permanently bonded 10the Intorfaco Cawwctor Panel.

PDU - Power DlalrffnstlonUn~ BDU - Bua Data Unit. EPC. Electrical Power Coru5tforser
SFE = Sc4enceFormatingEtectronkx

Figure 12. Secondary Electronics Grounding and

Return lead
~

Local Fault Ground Node
#r

Low impedance Ekctrioaf Path
via Ground Strap or Foil ‘tone ~

Chasak Grid.

.-

.—0 “.. .-. --- . -- —.--, ---

~- \&Power Referent

-

Electrical Bond

Mechankel BorrdPath
}~
I

Interfaco Connactor Panel

Passivo Anelcg Interface

Pamivo Bilwol Interface

I%lay Drhrointerface

Interfaco Conneckx

MP Grid. 1/0 REV K2- WC
W.S.U. 6-2! .93

Data Interface Concept



PN20005869A
28 June 1993

RF and High speed Digital Interface Circuit
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(1) This circuit is RS422 compatible.

F;gure 13. Interface Signal Grounding
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AU differential intetiace signals between equipment modules shall use a dedicated return conductor
(twisted pair) with returns isolated from chassis. The differential interface receiver circuit shall
provide 3 kS2minimum isolation from chassis ground.

RF signal circuits shall utilize coaxial circuit connections and shall be designed so as to minimize
the effect of low fkequency currents on the outer conductor.

EEDs and other safety critical circuits shall have mtum conductors isolated from chassis by 2 MQ
minimum when bleeder resistors are disconnected.

Equipment shall bond all data bus cables shields to chassis at the Spacecraft Intetiace. Data bus
cables shields shall be bonded to chassis at both ends. Cables shields maybe bonded to the Signal
Reference Plane or chassis at 1 to 3 meter spacing if necessary. I

Except for High speed digital signals all interface signals with fundamental or risetime frequency
components greater than 4 MHz shall require the use of coaxial cable.

High speed digital signal circuits shall be designed to maximize the use of differential drivers and
receivers which provide a return which is isolated from chassis.

Passive hi-level and passive analog telemetry sensors shall be isolated from chassis by 2100k.

4.11.6 Fault Wire Grounding I
The Spacecraft shall implement a fault wire grounding system per Figure 11.

The Spacecraft shall route a fault ground lead in each prime power cable.

The Spacecraft shall bond the fault ground lead to the prime power reference at the PDU.

The Spacecraft shall bond the fault ground lead to the Signal Reference Plane at the instrument-te
Spacecraft interconnection.

The Spacecraft shall bond the fault ground lead to the Signal Reference Plane at the equipment
module-to-Spacecraft interconnection.

Each prime powered component shall bond the fault ground lead to the component chassis ground.

4.12 Wiring Design

The Spacecraft wiring shall be designed in accordance with NHB5300.4 (3G, 3H) and Table X. ~

The Spacecraft design shall provide wire.segregation, routing, shielding and shield termination. A
30 mm separation distance between bundled cables is suggested to reduce mutual coupling between
shield currents. The EMC Design Handbook, GIIS and GIS should be used as a reference for
definitions of signal types.
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Table X. Wi reDesign Requkments

Minimum Shield
Wke ~pe Shielding Termination

Group
Designation ~ Spacecraft Signal ~pe

120 VDC Power ‘Rvisted conductor 10BS 1360° @ Backshell IIa
1 1

‘Nvistedconductor 10BS 1360° i BackshellIb

IIIa

Secondary Power

Analog TLM, Active ‘Ilvisted Pair 10BS 1360° @ Backshell I
,

Twisted Pai.P [OBS 1360° @ Backshell 1Analog TLM, Passive

Relay Drive Commands ITC (1 Rtn/8 leads OBS I360° @ Backshell
with > 2/box) IIc

Logic Level Commands

Bi-level TLM, Passive

Bi-level TLM, Active

llvisted Pair OBS 360° @ Backshell

‘Rvisted P@ OBS 360° @ Backshell

Ic

IIIc

IIb ‘Ilvisted Pair OBS 360° @ Backshell

Twinax, Similar 2s 360° (Q Triaxial
to Gore CXN2268 Corm.

, 1
Tivinax, Raychem 3s 360° @ 360°
7724C8664 Triaxial Corm.

Twinax, Raychem 3s 360° @ 360°
7724C8664 Triaxial Corm.

Dual Gore G2 2s 360° @ SMA
Coax Foil/Braid Corm.

Vc Time Mark and Freq. Bus

Vb Command and TLM Bus

Vb Science Data (Low Rate)

IIId Science Data (High Rate)

Va RF/pWave ICoax/waveguide 2S 360° @ SMA
Foil/Braid Corm. I

Iv EED (Pyre) lSTP
I

wrap 360° @ Backshell
bundle I

Notes:

ed conductor Coax = Coaxial cable;
hielded pair 1S = Single shield; 2S = Double shield;
May be shielded based on location;

OBS = Overa
lMinax = CoI
3S = Triple Sk
Corm. = Con]

1bundle shield; TC = 71vis
trolled impedance twisted:
ield; TLM = Telemetry; * ■

ector
tions defined in MIL-W-8 !575A.Group design
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5 INSTRUMENT EMI REQUIREMENTS -

5.1 Radiated Emissions (RE02, RE04)

Instruments shall limit broadband and namowband electric field emissions (RE02) to levels less than
the limits specifkd in Figure 14. Instruments consisting of more than one stand-alone component
shall meet the levels of Figure 14 for each component. I

Instruments shall limit magnetic field emissions (RE04) to levels less than the limits specified in
Figure 15 when measured at a distance of 1 meter from the instrument enclosure.

5.2 Conducted Emissions

Instruments shall limit Prime Power conducted emissions to levels less than the limits speciiled in I
Figure 16.

Instruments shall limit Prime Power common mode conducted emissions to levels less than the
limits specified in Figure 17.

Instruments shall limit repetitive spikes to less than the limits specified in Figure 16 and Figure 17.

5.3 Radiated Susceptibility and Definition of Susceptibility Criteria

The susceptibility criteria for instruments has been divided into three categories. These categories
are sumive, operate and perform and are defined as follows:

a. Survive is defined as the ability to withstand the applied environment without any
permanent loss of performance capability. Survival is required for both powered and
unpowered states.

b. Operate is defined as the ability to withstand the applied environment without
malfunction, loss of capability, change of operation statelmode, memory changes or
need for outside intervention. Operate is the ability of an instrument to execute all
ancillary and housekeeping tasks including self test but does not include the ability to
take scient~lc data.

c. Perform is defined as the ability to execute its science mission or to meet its specitled
performance.

The applicability of the above susceptibility criteria verses the applied environmental levels for the
instrument is detailed in Table XI.

5.3.1 Radiated Susceptibility, Electric Fields (RS03)

Instruments shall survive exposure to the radiated susceptibilityy environments specified in
Figure 18.

I

Instruments shall perform when subjected to the radiated susceptibility environment specti]ed in
Figure 19.
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Table XI. Instrument Susceptibility Reqtiremenk
Instruments

Test Survive Operate Performt5J

Csol I -D Y

CS02 9 -1 Y

CS06 y(7) Y y(8)

RSO1 I -1 Y

RS03(1J y(4) N(4) N

RS03(2) y(4) y(4) D(4)
I

RS03(3) Y Y Y

Magnetic Properties@)(9) ~ Y Y Y

Y = Applicable; N = Not Applicable; D = Degraded Sensitivity, Test Plan specifies limits
(1) Comwsite of nom~ ch~k~~t, Aflas, Tim, ~d launch susceptibility levels Figure 18) ~
(2) on+~it su~cep~ibility leve]~ from Electr~~agnetic Compatibility Analysis center (ECAC)

data for EOS-AM orbit (Figure 22)
0) On-ofiit spacecraft generated susceptibility levels @ig~e 19) I
(4JBy analysis or test
(5) Definlti~n of su5c.ptibility (’-e., Criteria for ~rform~ce) defined in ttXt @iiII.

(6) Immunity to Spacecraft and Earth generated magnetic fields
(7) me (306 Survive levels are (TBR-1)
(Q me CS06 Perform levels are (TBR-2)
(9)Box level test B

1000

150Vlm, 5-6GHz

“m
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1-5GFiz
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75 ?
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ii

1
~

6-18GHZ
h ,0

l-l
104 10s 106 107 108 109 10’0 10
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Figure 18. Instrument

Frequency, (Hz)

Launch Electric Field Radiated Susceptibility Survival Limit
(RS03)
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100 ~
X-Band=18 V/m, 8.0025 GHzto8.474GHz

S-Band=50 V/m,

2.272 GHz to 2.303 GHz ‘1\ /

The S, X and Ku bandRMS levels
are basedupona CW signalwith
a 8dB margin.The actuallevelfor
a givenfrequencyisdictatedby
the BW and modulationtiited in
Table XII. l-n

‘ -
RS03 Limit= GEVS + On-Board Transmitters

GEVS = 2Vlm 14k-2GHz,5V/m 2-12GHz, 10Vtm12-18GHz

1

, Ku Band = 22V/m,
14.884GI+z to

15.184 &fz

104 105 106 10’ 10* Ii@ 10’0 10”

Frequency (Hz)

Figure 19. Instrument Perform Electric Field Radiated Susceptibility Performance Limit
(RS03)

Table XII. Spacecraft-Generated EOS-AM RF Sources

Center Modulation Bandwidth
Volts/m

Transmitter Band Frequency Type (MHz)
@ Inst

(GHz) (Epe,k) I

HGA Ku 15.0034 SQPSK 300(1) 22

HGA s 2.2875 SQPN 645(1)

OMNI-TDRSS s 2.2875 SQPN *15(1) 50

DAS-DP x 8.2125 SQPSK 300(1) 18
,

DAS–DB x 8.2125 SQPSK 60(1) 18

DAS–DB/DDL x 8.2125 SQPSK 420(1) 18

OMNI-GN S(3) 2.2875 PSWPM 2.l12@) 50
-DSN S(3) 2.2875 PM 2.112 50
-WTs S(3) 2.2875 PM 2.112 50

(1)Width of main lobe of the transmitter spectrum (null to null).

(2) 16 kbps hi–phase data PSK modulated on a 1.024 MHz carrier which, in turn, is phase
modulated on the RF earner with Beta = 0.8 radian peak. I

(3)Will be operated only in communication contingency and emergency modes. Instrument
performance requirement in these modes is not required. I
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5.3.2 Radiated Susceptibility, Magnetic Fields (RSOl)

The instruments shall perform when subjected to the radiated magnetic field requkment of
Figure 20 and the magnetic field requirement of Figure 21. Figure 21 shows the estimate of
worst-case magnetic fields at various locations on the Spacecraft produced by the magnetic torque
rods.

170

g“
o 140.-

LL

110

Llmlt

123 dBpT,
4.46 kHz to 200kHz

10’ 102 3 4 105 106
Fr~/uency ~l!z)

Figure 20. Instrument Magnetic Field Radiated Susceptibility Performance Limit (RSO1)
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mnz%zzaa TR3 :;g

CERES .

(fore) +

1
II

1

~blll0.024 G

,MOP~
0.035 G

0@ AsIEB
MPS -0.017 G

b ‘VNIR -0.018 G

VEL -0.010 Gi

n *. -
CSP -0.010 G

SWIR -0.010 G.
IR -0.007 G

MODIS-N -0.005
~~

Note: These are the maximum EOS-AM DC-30 Hz Magnetic Field levels

Figure 21. Spacecraft Torquer Rod Magnetic Fields
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5.3.3 Radiated Suseeptibility, On-Orbit Environment (RS03)

Instruments shall operate when subjected to the on-orbit environment of Figure 22 and Table XIII.
Instruments shall k characterized and evaluated to determine performance susceptibility/responses
to the on+rbit environments. Speciilc performance criteria and analysis shall be detailed in the 1
Instrument EMC Test Plan.

The on-orbit electric field levels describe the RS03 environment for the EOS-AM polar orbit as
reported by the Electromagnetic Compatibility Analysis Center (ECAC).

100

10

1 I t u

J

1 I * n
,; 7

1
108

,010 - ,~ 11
A

Frequency (Hz)

Figure 22. Instrument On-Orbit Environment Electric Field Uvels, ECAC Data (RS03)
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Table XIII. On-Orbit Environment Electric meld k!

Frequency Electric Field Frequency Electric Field
GHz volts/M GHz Voltm

a~ —

0.004 1.00 1.240 1.710

0.004 1.10 1.260 1.940

0.028 1.10 1.280 11.200

0.028 1.00 1.300 1.910
1 11 I

I 0.174 I 1.00 1.340 I 2.680

0.174 1.19 1.370 2.090

0.214 1.19 1.410 2.090

0.214 1.00 1.460 1.660

0.383 1.00 1.510 1.660

0.385 1.69 1.510 1.000

0.398 1.69 1.550 1.000
1 11 1

I 0.398 I 4.79 II 1.560 I 5.350
I It I

I 0.418 I 4.79 II 2.060 1 5.350

0.418 5.45 2.100 38.000

0.432 5.45 2.200 38.000
1 11 1

0.432 I 8.87 II 2.240 I 5.350

I 0.447 I 1.00 II 2.310 I 5.350

0.560 1.00 2.350 52.500

0.562 1.50 2.470 5.350

0.572 1.50 2.770 12.500

I 0.574 I 1.00 ]1 3.110 I 12.500

0.804 1.00 ‘3.160 5.350

0.808 “ 1.91 5.270 5.350

0.835 1.51 5.290 1.000

0.862 1.51 5.330 1.000

0.908 1.00 5.350 11.800

1.010 1.00 5.810 11.800

1.020 1.91 5.840 1.000

1.030 1.71 5.880 1.000
1 11 1

I 1.090 1.71 II 5.910 I 1.380

I 1.100 I 1.00 1] 6.410 ] 1.380

1.71 II 6.410 I 1.710

s, ECAC Data (RS03)

Frequency IElectric Field
GHz volts/M I,

6.520 I 1.910

+%-H%-it
7.810 I 1.160 I

8.350 I 1.160 I

*

9.840 I 1.450 I

%=HH
15.600 I 1.380 I

18.1~ [ 1.380 I
,

18.200 I 1.000
1

28.000 1,000 1

%=RH
34.300 I 9.380 I

34.500 I 1.000 I

95.700 I 1.000 I
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5.4 Conducted

Instruments shall

e

Susceptibility(CSOl, CS02,CS06) -

Perform when subjtxted to conducted sinewave and pulse modulated
(CSOUCS02) noise injeeted on the primary power input per Figure 23.

Instruments shall Operate when subjected to transient noise (CS06) injected on the primary power
input as shown in Figure 24.

Instruments shall Survive when subjected to transient noise (CSOWh.mvive) injected on the primary
power input as shown in Figure 25.

Instruments shall Perform when subjected to transient noise (CS06-Perfor@ injected on the
primary power input as shown in Figure 26.

5.5 Not Used

5.6 Not Used

5.7 Instrument Magnetic Properties

Each instrument stand-alone component static dipole moment shall not exceed 0.3 Am2 initially and
shall not exceed 0.3 Am2 after torque rti activity.

5.8 Electromagnetic Interference Safety Margin

The Electromagnetic Interference Safety Margin (EMISM) for safety critical circuits (such as
EEDs) shall be 20 dB, vefiled by analysis or test. EMISM for other EMC elements shall be 6 dB,
vetiled by comparison of emissions and susceptibility test data.

5.9 Superposition

The radiated and conducted susceptibility requirements will be superimposed on the system critical
circuit under investigation to establish the EMISM. This requirement shall be verifkd by analysis
of equipment EMI test data.

5.10 Bonding

The instrument bonding requirements are as follows:

All metal components and electrical equipment shall be bonded to the Signal Reference Plane.

The instruments equipment and system electrical ground shall be bonded together so that each metal
to metal joint is s2.5 mS2DC resistance between eiements. Instrument mechanical structures which
are not part of the SRP shall be bonded together so that DC resistance is less than 10 Cl between
joints.

Direct bonding is prefemed but movable metal to metal joints may use bonding straps providing
s2.5 mQ DC resis[~ce nd <50 nH inductance. Instrument shall be bonded to the SRP with a less

than 2.5 m~ and 50 nH bond that dces not restrict replacement.
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Figure 23. Instrument
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Figure 24. Instrument Conducted Transient Susceptibility Limit (CS06)
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Figure 25. Instrument Conducted Transient Susceptibility Limit (CS06 - Survive)
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All metalized layers in thermal blankets shall be bonded to the SRP (directly or via local ground
planes) by less than 10Q DC andS250 nH inductance. All metalized layers of thermal blankets shall
be bonded together with less than 30 ohms across all layers. 1

The bonding surfaces shall use conductive corrosion protection such as alodine for aluminum or
DOW 19 for magnesium.

5.10.1 Comector and Shield Bonding

The instrument interface connector and shield bonding requirements are as follows:

Multipin connectors which utilize coaxial or triaxial contacts shall bond the overall shield contact
to the interface connectors shell withs 10 m~ resistance.

The outer shield of all cables shall be 360 degrees bonded to the interface connector shell.

The outer shield of all coaxial cables shall be bonded to the interfacing equipment case with <2.5 m~
resistance and <50 nH inductance.

The outer shield of all twinaxial data bus cables shall be bonded to the interfacing equipment case
with <2.5 rnS2resistance and ~0 nH inductance.

The case/outer shield of all equipment which connect to the Spacecraft harnesses shall have
sufficient shielding to maintain the overall shielding pexforrnance of the interfacing cables.

The case/outer shield described above shall be bonded to the SRP(directly or via local ground
planes) with each bond contributing s2.5 m~ resistance and <50 nH inductance. All connectors
shall provide positive bonding mechanisms between mating connector halves and shall have
conductive finishes.

Instruments shall bond all data bus cables shields to chassis at the Spacecraft Interface.

All connectors shall be 360 degree bonded to Instrument case. EMI gaskets shall be used where
necessary. Each electrical bond shall be <2.5 m~ resistance. I

5.11 Grounding, Referenc~ and Isolation

5.11.1 Signal Reference Plane Grounding

The EOS–AM Spacecraft will conform to the system grounding concept in Figure 27.

Instruments shall not use chassis or the SRP as power return or reference for Prime Power.

The instrument prime power leads and returns shall be DC isolated from the SRP by at least I
1 Megohm.

The instruments will be grounded
with S2.5 m~ DC resistance.

9
to the Signal Reference Plane via the interface connector panel
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Each component, andorinstrumentc hassis shall be bonded to the Signal Reference Plane viadtict
connection, bond strap, or instrument ground interconnection.

5.11.2 Kinematic Mount Isolation

Kinematic mounts used for instrument mounting plates or for direct mounting will provide greater
than 10 kohm DC isolation.

5.11.3 Thermal Blanket Grounding

All metallized layers of thermal blankets shall be grounded to the Signal Reference Plane either by
direct connection or by bonding to a local chassis or ground plane.

5.11.4 Secondary Power Referencing

Each secondary power return conductor, (except when Isolated secondary power is used), shall be
grounded to chassis locally thereby providing a DC reference path to tie Signal Reference Plane.
Isolated secondary power is defined as power which is not used to power “Instrument-tc+
Spacecraft” interface circuits and power which is totally consumed internally.

Instruments may use may use an internal single point ground system for isolated secondary circuits
such as sensors, and these maybe referenced to chassis by any instrument selected real value (i.e.,
in DC ohms).

Circuits internal to the instruments
flowing in the inshument chassis.

shall not degrade the system ground and shall limit currents

5.11.5 Signal Interfaces, Grounding, Referenc~ and Isolation

The signal grounding between instrument components, Spacecraft system elements, and SRP
located BDUS will conform to the concept in Figure 28 and Figure 30. ASTER shall conform to
the signal grounding concept in Figure 29 for its collocated BDU (i.e., on the same ground island). I
All differential interface signals between instrument and Spacecraft electronics shall use a dedicated
return conductor (twisted’pair) with returns isolated horn chassis. The differential interface receiver
circuit shall provide 3 kSJ minimum isolation from chassis ground.

RF signal circuits shall utilize coaxial circuit connections and shall be designed so as to minimize
the effect of low frequency currents on the outer conductor.

Except for High speed digital signals all interface signals with fundamental or risetime frequency
components greater than 4 MHz shall require the use of coaxial cable.

High speed digitaJ signal circuits shall be designed to maximize the use of differential drivers and
receivers which provide a return which is isolated from chassis.

High speed digital signal circuits shall use twinaxial cable unless design constraints require coax or
dual COaX.

Passive hi-level and passive analog telemetry sensors shall be isolated from chassis by2100k. I
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RF and High speed Digital Interface Circuit
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Figure 30. Interface Signal Grounding

54



PN20005869A
28 June 1993

c

5.11.6 Fault WkeGrounding

The Spacecraft will implement a fault wire grounding system per Figure 27.

The Spacecraft will route a fault ground lead in each prime power cable.

The Spacecraft will bond the fault ground lead to the prime power reference at the PDU.

The Spacecraft will bond the fault ground lead to the Signal Reference Plane at the instrument-to-
Spacecraft interconnection.

The instrument shall route a fault ground lead to each prime powered component and bond it to the
component chassis.

5.12 Interface Wiring and Harnessing

The harness between Spacecraft and instruments will comply with the requirements as specified
below.

The Spacecraft wiring will be designed in accordance with NASA NHB 5300.4 (3G, 3H) and
Table XIV. The GIIS and the EMC Design Handbook shall be used as a reference for definitions I
of signal types.

5.13 Requirement Deleted

5.14 Requirement Deleted

5.15 Instrument Ground Support Equipment EMC Requirements

Instrument Ground Support Equipment EMC requirements are as follows.

All Instrument GSE shall be designed to best commercial practices with the following exception:

a. Instrument GSE which is powered during Instrument EMC testing and cannot be located
outside the test chamber shall meet the Instrument requirements for RE02, RE04, RSO1,
and RS03 (external equipment). This requirement is also applicable to all interface
cables which connect to the Instrument.

b. Instrument GSE which provides primary electrical power to an Instrument shall not
exceed the conducted emissions andor ripple and noise limits allocated to that
Instrument GSE in the applicable performance spectilcation.
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Table XIV. V ‘ireDesign Req& ments

Minimum Shield
Shielding Termination

OBS 360° @ Backshell

OBS 360° @ Backshell

Group
Designation Spacecraft Signal ~pe Wire Type

120 VDC Power ‘llvisted conductor

llvisted conductor

Ia

[b Secondary Power
(<40 v)

l%isted Pair OBS 360° @?Backshell

OBS 360° @?Backshell

OBS 360° @ Backshell

IIIa

IIIb

Analog TLM, Active

Analog TLM, Passive llvisted Pair*

TC (1 Rtn/8 leadsIc Relay Drive Commands
with > 2/box)

OBS 360° @?Backshell

OBS 360° @ Backshell

OBS 360° @ Backshell

2s ~ 360° @ Triaxial
Corm,

Ic

lIIc

Logic Level Commands Twisted Pair

Bi-level TLM, Passive ‘Ilvisted Paw

‘Ilvisted PairIIb Bi-level TLM, Active

Time Mark and Freq. Bus

Command and TLM Bus

Science Data (Low Rate)

Science Data (High Rate)

RF/pWave

EED (Pyre)

Twinax,
Gore CXN2207 ~

Vc

Vb ‘hvinax, Raychem
7724C8664

3s 360° @ 360°
Tnaxial Corm. I

llvinax, Raychem
7724C8664

Dual Gore G2
coax

Coax/waveguide

3s I360° @ 360°
Triaxial Corm. IVb

[Hd 2s 360°@ SMA
Foil/Braid Corm. I

2s 360° @ SMA
~Foil/Braid Corm. I

Va

1STP wrap 360° @ Backshell
~bundle IIv

Notes:

OBS = Overa
Twinax = Co
3S = Triple S1
Corm. = Con]

1bundle shield; TC = Twis ed conductor Coax
hielded pti, 1S = S
‘Maybe shielded b

= Coaxial cable;
ingle shield; 2S = Double shield;
sed on lccation;

trolled impedance twisted I
ield; TLM = Telemeny; * ~
ector
t design shall provide wire
mation distance between b
~cuments. The EMC Desig
;ignti types.
tions defined in MIL-W-8

segregation, routing
Indled cables is SUE
IHandbook and GII

shielding and shield termination.
$ested to reduce mutual coupling
; should be used as a reference for

The Spacecra
A 30 mm sep
between shiel
definitions of

Group design 3575A.
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6 EQUIPMENWSUBSYSTEMS EMI REQUIREMENTS

6.1 E@pment Radiated Emissions (RE02, RE04)

Spacecraft equipment, subsystems and components shall not radiate broadband or namowband
electric fields in excess of the limits given in Figure31.

Spacecraft equipment, subsystems and components shall limit magnetic field emissions to within I
the limits specified in Figure 32 measured at 1 meter.

6.2 Equipment Conducted Emissions H

Spacecraft equipment, subsystems and components (except Power subsystem) shall limit prime
power conducted emissions to levels less than or equal to those shown in Figure 33.

Spacecraft equipment, subsystems and components (except Power subsystem) shall limit prime
power common mode conducted emissions to levels less than or equal to those shown in Figure 34.

Repetitive spikes shall meet the conducted emission requirements for CW signals.

6.2.1 Prime Power Subsystem Power Quality, Self Generated Ripple and Noise

The Spacecraft Prime power subsystem self-generated conducted ripple and noise shall be limited
to less than the leveIs in Figure 35 when measured at the power distribution unit (PDU), This I
requirement is to be vetiled by time domain measurements. Test measurement details will be
described in separate power subsystem test documents.

6.2.2 Secondary Power Users Reflected Ripple and Noise

Secondary power users (28 VDC) shall limit the generation of reflected ripple and noise to less than ~
the levels in Figure 36 when measured at the Secondary Power Users Interface Connector. This
requirement is to be veriiled by time domain measurements. Test measurement details will be
described in separate test documents.

6.3 Radiated Susceptibility and Definition of Susceptibility Criteria

The susceptibility criteria for Spacecraft equipment has been divided into three categories. These
categories are survive, operate and perform and are defined as follows.

a. Survival is defined as the ability to withstand the applied environment without any
permanent loss of performance capability. Survival is required for both powered and
unpowered states.

b. Operate is defined as the Spacecraft equipments ability to withstand the applied
environment without malfunction, loss of capability, change of operation state/mode,
memory changes or need for outside intervention. Operate requires that the survival
criteria be met.

c. Petiorm is the ability of Spacecraft equipment to meet its speciiled performance.
Perform requires that the Operate criteria be met.
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The applicability of the above performance criteria versus the applied Environmenti levels for the
Spacecraft equipments is detailed in Table XV.

Table XV. Equipment Susceptibility Requirements

I Spacecraft Equipment I

Test t Survive I Operate I Perform(s)

Csol Y Y Y

CS02 Y Y Y

CS06 y(8) Y Y

CS03 Y Y Y

CS04 Y Y Y

CS05 Y Y Y

RSO1 Y Y Y

RS03(1J y(6,4) y(6,4) y(6,4)
1 1 1

RS03(2J (Internal Equipment) y(4) y(4)
I

y(4)
i.-

RS03(3) (External Equipment) Y Y Y

Magnetic Properties Y Y Y

Y= Applicable
N= Not Applicable
D = Degraded Sensitivity, Test Plan shall specify limits

(1)Comisite of norm~ checkout, Atlas, Titan, and launch susceptibility levels @igure 39)
W ~tem~ equipment susceptibility levels (Figure 37)
(q)External equipment susceptibility levels (Figure 38) I
(4)By analysis or test
(5)Definition of susceptibility (i.e., criteria for petiormance defined in test plan)
:6)Launch environment reduced by equipment module shielding where applicable
:7)Immunity to Spacecraft and Earth generated magnetic fields, Box level test I
~8JThe CS06 Survive levels are (TBR–1)

6.3.1 Equipment Electric Fields Radiated Susceptibility Limit (RS03)

The internally mounted Spacecraft equipmentisubsy stems and components shall perform when
subjected to the susceptibility environments specitled in Figure 37. 1

Externally mounted Spacecraft equipment, subsystems and components shall perform when
subjected to the susceptibility environments speci.t3edin Figure 38.

Spacecraft externally mounted equipment and core harness necessary for launch shall perform when
subjected to electrical fields over the range of frequencies and levels spectiled in Figure 39
Figure 39 is the applied maximum level of the WSMC launch environment and the launch vehicle
generated environment. I
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Launch Radiated Electric Field Susceptibility Requirement (RS03)

6.3.2 Radiated Susceptibility, Magnetic Fields (RSO1)

The Spacecraft equipment, subsystems and components shall perform when subjected to the
magnetic fields spccilled in Figure 40 and the Spacecraft magnetic field requirement of Figure

AC
41.

NRSO1

161 dB PT,
30 Hz tO 50 HZ

Llmlt

123 dBpT,
4.46 kHz to 200kHz

110 ! 1 1 I I d

10’ 102 3 4 105 106
Fr;~uency ~t!z)

Figure 40. Equipment Radiated Magnetic Field Susceptibility Requirement (RSO1)
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The Spacecmft equipments critical and necessary for launch shall perform during exposure to a
10 Gauss (1,000 pT) Static Magnetic field. Figure 41 shows the estimate of worst case magnetic
fields at various locations on the Spacecraft produced by the magnetic torque rods.

All Spacecraft equipment shall operate in the magnetic field levels shown at the various locations
in Figure 41. The magnetic fields wiI1be updated as more information becomes available and will
be incorporated into this document via a Engineering Change Notice (ECN) process.

6.32 Not Used 1

6.3.4 Communication Equipment Susceptibility Requirements/Definition of
Susceptibility

The Spacecraft Communication Equipment shall meet the requirements of paragraph 6.3.1 except
where radiated energy is induced directly in the operating band of the equipment. Under these
conditions no damage or permanent loss performance shall result from the susceptibility
environment of Figure 39.

6.4 Conducted Susceptibility (CSO1, CS02, CS06)

Prime powered Spacecraft components, equipment and subsystems shall perform when subjected
to conducted sinewave and pulse noise (CSO1/CS02) injected on the primary power bus input per
Figure 42.

Prime powered Spacecraft components, equipment and subsystems shall perform when subjected
to transient noise (CS06) injected on the primary power bus per Figure 43.

Prime powered Spacecraft components, equipment and subsystems shall survive when subjected to
transient noise (CS06 – Survive) injected on the primary pewer input per Figure 44.

6+ 1 1 I I 1 1 f T

Is WrdS. 30 Hz#2kHz I

5“‘
I I

I
4“ ‘

I I I
3“ -’

I
#

I I

o
.
9 I I

l\:l
,..

2“

I
:* H 1 1

I I Ii
1“

I cso~ ; 4s02 I I

II I
●

1
O* +
io’ 101 10’ 10” 10’ 10’ 10’ 10” 10s

Frequency,(Hz)

Figure 42. Conducted Susceptibility Requirement (CSO1/CS02)
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Prime powered Spacecraft components, equipment and subsystems which must operate through all
safe modes shall operate when subjected to transient noise (CS06 - Survive) injected on the primary
power bus per Figure 44.

Equipment powered from secondary voltages greater than 23 volts shall perform when sinewave and
transient noise scaled to the ratio of secondary voltage divided by the primary voltage is applied to
their power input. The minimum applied voltage shall not be less than 2.8 Volts peak to peak.

Equipment powered from secondary voltages less than 23 volts shall petforrn when sinewave and
transient noise scaled to the ratio of secondary voltage divided by the primary voltage is applied to
their power input.

Equipment which is powenxi by a dedicated Electric Power Conditioner (EPC) is exempted from
the scaled requirement if qualifkd together as a unit.

6.5 Not Used

6.6 Deployment EED Design

The Spacecraft design shall provide protection from premature deployment of electro-explosive
devices (EEDs) in accordance with MIL-STD-1576A.

6.7 Equipment Magnetic Properties

Spacecraft equipment, except torque rods, static dipole moment shall not exceed 0.3 Am2 initially
and shall not exceed 0.3 Am* after torque rod activity. Torque Rods shall be designed to limit
residual static dipole moment to 5 Am2.

6.8 Electromagnetic Interference Safety Margin

The Electromagnetic Interference Safety Margin (EMISM) for safety critical circuits (such as
EEDs) shall be 20 dB, verified by analysis or test. EMISM for other EMC elements shall be 6 dB,
verified by comparison of emissions and susceptibility test data.

6.9 Superposition

The radiated and conducted susceptibility requirements will be superimposed on the system critical
circuit under investigation to establish the EMISM. This requirement shall be veriiled by analysis
of equipment EMI test data.

6.10 Equipment Bonding

The Spacecraft equipment shall conform to the requirements as specfled in paragraph 4.10.
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6.10.1 Connector and Shield Bonding

The Spacecraft equipment shall conform to the requirements as spectiled in paragraph 4.10.1.

6.11 Equipment Grounding, References and Isolation

The Spacecraft equipment shall conform to the requirements as speci.fkd in paragraph 4.11.

6.12 Equipment Interface Whing and Harnessing

The Spacecraft Harness shall compIy with the requirements in Sections 4.10,4.11, and 4.12.

Wiring for circuits internal to the equipment module shall not degrade the electromagnetic
environment and shall be designed for EMC within the equipment module.

6.13 Antenna Port Conducted Emissions (CE06)

The Spacecraft receiver and transmitter subsystems shall limit antenna port conducted emissions to
the levels specii7ed below. The emissions limits apply at the coax or waveguide port that connects
to each antenna after subsystem components such as diplexers, isolators, or couplers and includes
signal transmission line sections.

The Spacecraft S–band Omnireceiverand transmitter subsystems shall limit antenna port conducted
emissions to the levels specified in Figure 45. The Spacecraft Ku–band HGA transmitter subsystem
shall limit antenna port conducted emissions to the levels speci.tied in Figure 46. The Spacecraft
S–band HGA receiver and transmitter subsystems shall limit antenna pofi conducted emissions to
the levels specified in Figure 47. The DAS X-band Omni transmitter subsystem shall limit antenna ~
port conducted emissions to the levels specified in Figure 48.

6.14 Receiver Antenna Port Conducted Susceptibility Requirements (CS03, CS04, CS05)

The Spacecraft S–band transponder shall not respond or exhibit degraded performance by
intermodulation, front-end rejection, or cross-modulation when subjected to the CS03, CS04 and
CS05 methods in MIL-STD-461C.

The DAS requirement level for CS04 is shown in Figure 49 for X–band. m
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7 ELECTRICAL GROUND SUPPORT EQUIPMENT (EGSE)

Electrical Ground Support Equipment EMC requirements areas follows.

All EGSE shall be designed to best commercial practices with the following exceptions:

a. EGSE which is powered during Spacecraft EMC testing and cannot be located at least
60 feet away shall meet the Spacecraft requirements for RE02, RE04, RSO1, and RS03
(external equipment). This requirement is also applicable to all interface cables which
connect to the Spacecraft.

b. EGSE physically located on the Mobile Service Tower shall be designed to meet the
requirements of MIL-STD-461 C part 3 for class A2b with the following relaxation.
LCD and CRT type displays shall not be permanently degraded .by the application of
RS02 test signals and shall resume normal operation after removal of applied test signals.

c. EGSE which provides primary electrical power to flight hardware shall not exceed the
conducted emissions andor ripple and noise limits defined in the EMC Control Plan,
PN20005869, and spectiled for the EGSE in the applicable requirements documents.
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8 EMC MANAGEMENT

The organizational steps necessary to provide system Electromagnetic Compatibility (EMC) design
are accomplished by implementing Electromagnetic Interference (EMI) Control, EMC design
support, periodic EMC design reviews, EMC veriilcation and documentation, EMI problem
resolution. These topics and the EMC task schedule are discussed in the following paragraphs.

8.1 Organization

In order to ensure proper EMC control of the Spacecraft program, the Spacecraft Engineering
Program Manager, as the direct representative of the Spacecraft Program Manager, has primary
responsibility for assuring implementation of the appropriate EMC controls in the design of the
system. The Engineering Program Manager gives technical direction for this work to EMC
engineers and to the other program participants as shown in the subsections below.

The Engineering Program Manager establishes and maintains a direct line of communications
between Package Engineering, the Program Management, the System Development engineers, and
the subcontractors or vendors for coordinating EMI/EMC activities. Figure 50 shows the functional
organizational flow for the Spacecraft Program EMC Control.

The Spacecraft Electromagnetic Compatibility Advisory Board (EMCAB) is a formal assembly of
GSFC, Martin Marietta, instrument and subsystem designers. The purpose of the board is to resolve
conflicts between this document and any Spacecraft equipment.linstrument, make final
recommendations as to waiver requests, and determine EMC requirements for the Spacecraft
program. The Board is chaired by GSFC Code421 with primary participation by Martin Marietta
as the prime contractor.

8.1.1 EMC Engineering

The EMC Engineering organization will perform the following functions.

a.

b.

c.

d.

e.

f.

g“

h.

Prepare and maintain the EMC Control and Test Plans.

Perform analytical studies for requirement derivation, limit adjustment, and EMC
margin prediction.

Monitor and sign off specs and drawings to assure EMC control implementation.

Review EMUEMC capabilities of GFE, vendor, subcontractor equipment.

Support EMUEMC related technical inputs for use in preparation of specifications, work
statements, and procurement documents.

Evaluate interface EMC design at associated equipment interfaces.

Participate in the Spacecraft Electromagnetic Compatibility Advisory Board (EMCAB).

Inform GSFC, Code 421, of EML/EMC status and design issues which impact payload
performance.
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Figure 50. EMC Control Flow Diagram

8.1.2 Systems Engineering and Integration

EMC Engineering will be responsible for providing the EMC requirements for the instruments on
the Spacecraft. EMC Engineering shall aid in system design and system compliance and provide
requirements definitions for systems engineering and the customer as necessary.

8.1.3 Hardware Engineering, Systems Development, and IA&T

Systems Development and Hardware Engineering are responsible for compliance with EMC
requirements for hardware. The EMC group will work closely with Hardware Engineering to
interpret these requirements, make design recommendations and prepare test plans.
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Product Assurance will audit design and test documentation of the equipment to EMUEMC
requirements in accordance with the EOS-AM Product Assurance Program Plan (PN20005397). ~
Integration and Test (HILT)will implement procedures and processes necessary to ensure that
EMUEMC design and qualiilcation/acceptance verification requirements are incorporated during
the assembly and integration of Spacecraft hardware.

8.1.4 Subcontractor Management

Subcontractors and Vendors are responsible for compliance to the flow down of EMC requirements
for the design and development of Spacecraft hardware. The subcontractor manager is responsible
for providing EMC requirements and controlling subcontractor EMC efforts. The EMC group will
provide EMC requirements in the equipment speci.t7cations, audit subcontractor designs and test,
review and approve EMC documentation. A copy of all relevant subcontractors and vendor EMC
requirements will be submitted to NASA-GSFC for information purposes.

8.1.5 Operations and Ground Systems

Spacecraft Launch activity EMC efforts are the responsibility of the Operations and Ground
Systems manager. EMC Engineering will provide inputs to interface documents and attend launch
vehicle integration EMC critical meetings.

8.2 Equipment Considerations

The Spacecraft will utilize equipment which is GFE, Martin Marietta built or packaged, vendor ~
supplied and subcontractor procured equipment. The EMI profile of the individual equipments, to
the extent available, will be considered in the overall application of EMI control techniques to assure
compatible operation.

8.2.1 GFE Equipment

GFE equipment will be evaluated for EMC within the Spacecraft EMC requirements. If potential
GFE EMC design problems are discovered they shall be xeported to tie Government procuring
officer as soon as possible. Suggested resolution plans will also be provided.

8.2.2 Martin Marietta Equipment Design

Martin Marietta designed equipment shall meet the Spacecraft requirements. I

8.2.3 Subcontractor Supplied Equipment

Subcontractors will be responsible for EMC qualification of their equipment to the requirements in
this document. Previously designed and built equipment may be qualified by comparing previous
data to the Spacecraft EMC requirements. Martin Marietta EMC will review and approve the EMC ~
design and qualification of subcontractor units.
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8.2.4 Instrument Equipment

Instrument providers will be responsible for EMC qualitlcation of their equipment. GSFC and
Martin MariettaEMC will review theEMC design and qualification of instruments forcornpatibility I
with the EOS–AM Spacecraft. Conflicts between instrument requirements and this document will
be reviewed by the Spacecraft Electromagnetic Compatibility Advisory Board.

8.3 Not Used I

8.4 Program Documentation

8.4.1 EMC Control Plan Revision

The EMC Control Plan is designed to comply with Contract data requirements GSFC 421–10-01,
as applicable, to ensure the Spacecraft EMC design capability. The EMC Control Plan is designed
to comply with GFCS 42 l–l&Ol requirements, as applicable. The Control Plan will conform to
DI-EMCS–80199. It will be submitted for the PDR, and updated for CDR. The phn will be placed
under configuration control and changes will be subject to review and approval by the EMC
Manager, the Spacecraft Program Office, the Spacecraft Electromagnetic Compatibility Advisory
Control Board, NASA, and GSFC.

8.4.2 EMC Test Plan

The EMC test plan will describe each level of EMC testing. The format and content of the test plan
will be based on the Contract data requhements. The verification philosophy outlining the test
method and data collection necessary for demonstrating compliance to the EMC requirements will
be described in this plan.

8.4.3 EMC Test Report

An EMC test report will summarize the results of the Spacecraft program verillcation testing. The
test report will conform to the requirements and format in the Contract data requirements. The test

report will present the test results and an evaluation of the EMC test performance demonstrating the
degree of compliance margin for the overall component and system level.
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9 DEFINITIONS

9.1 Glossary

K

AND COMMONLY USED TERMS

The following terms are defined to facilitate speci.tlcation of the ground, return, reference and
bonding requirements:

Bond:

Bus Data Unit (BDU):

CE06:

Chassis Reference:

Component:

Chassis:

Csol:

CS02:

CS03:

CS04:

CS05:

CS06:

Instrument Chassis:

Equipment:

Equipment Chassis:

Fault Ground Wire:

A low–impedance electrical connection between two conductive
elements

A Spacecraft to instrument support component which provides
Point to Point command and telemetry interfaces

Conducted Emissions, Antenna Terminals 10 kHz to 26 GHz

The point within a component at which signal reference and
secondary power return leads are referenced to the component
chassis

A generic term used to describe independently packaged
electronics

The metal enclosure which shields electronic circuits.

Conducted Susceptibility, Power Leads, 30 Hz to 50 kHz

Conducted Susceptibility, Power Leads, 0.05 to 400 MHz

Conducted Susceptibility Antenna Port Interrnodulation, 15 kHz
to 10 GHz

Conducted Susceptibility Antenna Port Rejection of Undesired
Signals, 30 Hz to 20 GHz

Conducted Susceptibility Antenna Port Cross-Modulation,
30 Hz to 20 GHz

Conducted Susceptibility, Spikes, Power Leads

The metal enclosure which shields the instrument’s electronics

A generic term used to describe independently packaged
components and subsystems. A group of components which work
together and whose operation is interrelated are also categorized
as equipment.

The metal enclosure which shields the Equipment’s electronics.

An individual wire intended to camy fault currents in the event
that the 120 Vdc input is short+ ircuited to the component
chassis. This eliminates the need to rely on local ground planes
and the Spacecraft Signal Reference Plane to carry fault current
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Ground Plane: The local electrically conductive swface to which a component
is bonded

Instrument Ground Interconnection:

Intentional Emissions:

Interface Connector Panel:

Isolated Secondary Powe~

Electrical Power Conditioner

Primary Power Reference:

Primary Power Return:

RE02:

RE04:

RF Signals:

RSOI:

RS03:

Secondary Power

The electrically conductive surface or virtual ground point to
which all instrument components and its accommodation
equipment are bonded.

The signal or spectrum of emitted energy which is the
fundamental purpose of operation. Example: The RF output of
a Transmitter is an intentional emissions at the transmitting
antenna, while leakage of the transmitter output from the case of
the Transmitter is an Unintentional Emission. See Unintentional
Emission.

A Spacecraft harness connector bracket which is bonded to the
Signal Reference Plane. It is used to provide grounding control
and interface cable shield termination for an instrument and its
BDUS or an equipment module.

A secondary power source whose loads are completely isolated
from instrument to Spacecraft interface electronics

A de–t-de converter used to derive low voltage power.

The point on the Spacecraft where all primary power returns are
referenced. The Primary Power Reference is the reference point
for Spacecraft voltage control.

The isolated 120 V current return lead from the component
primary power dc-ttic converter input back to the Spacecraft
primary power distribution point

Radiated Emissions, Electric Field, 14 kHz to 10 GHz

Radiated Emissions, Magnetic Field, 0.03 to 50 kHz (i.e., REO1
measured at 1 meter)

RF Signals. are those which require coaxial cable and
connections. RF Signals typically have fundamental components
above 4 MHz.

Radiated Susceptibility, Magnetic Field, 0.03 to 50 kHz

Radiated Susceptibility, Electric Field, 14 kHz to 40 GHz

Power which has been derived and isolated from primary power
typically by a dc-to+ic converter, and used to power Spacecraft
interface or other circuits

DCC062893



Secondary Power Reference:

Signal Reference:

Signal Reference Plane:

Signal Return:

Unintentional Emissions:
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E

The point within the component where all current returns from
the secondary power circuits are referenced

The reference within the component for digital and analog
signals.

The Spacecraft conducting plate or other structure to which all
ground planes are connected

The wire which carries the current of a digital or analog signal
back to its source

The signal or spectrum of emitted energy which is a by-product
of operation. Internally generated signals which are necessary for
operation of a device but are not the speci15edand desired output
are Unintentional Emissions. See Intentional Emissions.

9.2 Acronyms and Abbreviations

CE Conducted Emission

Cs Conducted Susceptibility

ECAC Electromagnetic Compatibility Analysis Center

EMC Electromagnetic Compatibility

EMI Electromagnetic Interference

EMISM Electromagnetic Interference Safety Margin

EPC Electrical Power Conditioner

PPR Primary Power Reference

RE Radiated Emission

RS Radiated Susceptibility

SRP Signal Reference Plane
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1 INTRODUCTION

1.1 Scope

The scope of the EOS–AM Spacecraft Flight Software System Requirements SpecKlcation
encompasses all of the system-level software requirements spectilc to the Flight Software System.
Software in this context is meant to include all software programs mident in Read Only Memory
(ROM) and Random Access Memory (RAM) that execute in any of the two Command and Data
Handling (C&DH) Subsystem processing resources- the Spacecraft Controls Computer (SCC), and
the Command and Telemetry Intaface Unit (CTIU).

It is the intent of this document to provide functional requirements for the EOS-AM Flight Software
System. Equations are used for the purpose of illustrating a particulm software program or process
and should not be interpreted as a requirement to implement that program or process.

1.2 Objectives

The purpose of this spectilcation is to specify and describe the complete set of system–level software
requirements decomposed and allocated to the Flight Software System. The majority of these
requirements were taken unchanged from the Subsystem Specillcations and the Contract End Item
(CEI) Specification. These requirements am allocated to the appropriate EOS-AM Spacecraft
Software Requirements Specifications for the Computer Software Configuration Item (CSCI),
which will further decompose and derive the complete set of software requirements for that CSCI.

1.3 Applicable Documents

The following documents are parents to this document

PS20001415 Mechanical Subsystem SpecKlcation (SP-101)
28 September 1992

PS20004749 Electric Power Subsystem Speci13cation (SP-501)
1 September 1992

PS20004937 Performance Speciilcation for Guidance, Navigation
7 September 1992 and Control Subsystem (SP-601).

PS20005396 Contract End Item Specification (SEP-101)
15 April 1993

PS20008549 Performance Specification for Thermal Control
30 September 1992 Subsystem (SP-201).

PS20008567 Command and Data Handling Subsystem Speciilcation
7 April 1993 (SP-301).

PS20008580 Communications Subsystem Specification (SP-401)
27 July 1992
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Source Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800

The following documents are applicable or contain policies or other directive matters that are
binding upon the content of this speci.ilcation:

Other Government Agencies

GSFC 420-03-02
01 December 1992

NASA–DID-P200
29 July 1991

NASA-STD-21OO-91
29 July 1991

Other Publications

20001422
26 October 1992

20008550
26 October 1992

20008688
7 June 1991

20039967

1S200086:8
26 August 1992

EOS-DN-SE&I-025C
13 January 1993

EOS-DN-SW-036A
13 January 1993

PN20008655
26 October 1992

PS20008569
07 April 1993

Source:

Earth Obseming System General Instrument Interface
Speci.tlcation for the EOS Observatory

Requirements Data Item Description

NASA Software Documentation Standard Softwme
Engineering Program

EOS-AM Spacecraft Software Development Plan
(MD-109)

EOS-AM Spacecraft Programming Practices,
Standards and Conventions (PPS&C) Document
(MD-109)

SoftwaR Development Facility Requirements
Definition Document (SP-976)

Flight Software Subsystem I.ntetiace Requirements
Document

Data Format Control Book (ICD-106)

EOS–AM Spacecraft Program Acronym List

EOS–AM Spacecraft Software Glossary

EOS–AM Spacecraft Software Management Plan
(MD-108)

CTIU Component Spedlcation

Martin Marietta Astro Space
P. O. BOX 800
Princeton, NJ 08543-0800

DCC050693 2
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1.4 Reference Documents

The following documents, although not dixectly applicable, amplify or clarify the information
presented in this specification.

PS20008516 Flight Software Operational Concept Document for
2 November 1992 the EOS-AM Spacecraft (SD-101A)

Source: Martin Marietta Astro Space
P. O. BOX800
Princeton, NJ 08543-0800
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2 FLIGHT SOFIWARE SYSTEM DEFINITION

2.1 General Description .

The EOS–AM spacecraft is composed of two primary elements– the spacecraft bus and instruments.
The purpose of the Flight Sofhvam System is to monitor, control and integrate these elements and
to provide the means that allows them to perform as a single entity, the spacecraft. As a single entity,
the ground will command and use the spacecraft to provide the necessary information needed to
fulfill the requirements of the EOS-AM Spacecraft.

The objectives for the Flight Software System are to provide the necessary services needed to sustain
a spacecraft throughout its life span in support of the collection and transmission of the EOS-AM
Instrument set science data. The minimum services are as follows:

a. the acquisition and maintenance of the required orbital environment in which the
spacecmft may successfully operate.

b. the capability to communicate with the ground control facility to receive spacecraft
commands and transmit spacecraft telemetry.

c. the capability to communicate with the ground control facility to receive instrument
commands and transmit instrument science telemetry.

d. the autonomous nxponse capability by which anomalous situations on board the
spacecraft may be detected and the proper response taken in order to ensure survivability.

2.2 Organization and Structure

The Flight Software System has been functionally decomposed into seven Computer Software
Configuration Items (CSCIS), as shown in the functional block diagram of Figure 1. No of these
CSCIS are fmware embedded in each of the two distinct processor types - SCC, and CTIU. The
remaining five CSCIS shall execute from the SCC RAM that constitutes the SCC Flight Softwaxe
package.

The SCC is the central flight computer. It receives commands and data from the ground via the CTIU
for specific subsystems and instruments. The SCC determines and controls the vehicle’s position,
attitude, power distribution, and thermal loading by issuing commands to the appropriate subsystem
equipments over the Command and Telemetry Bus via the CTIU and BDU. All autonomous
recovery actions taken in response to any Fault Detection, Isolation and Recovery (FDIR) action,
which changes the EOS spacecraft cofilguration, while under control of the SCC, are controlled and
maintained by SCC Flight Software. The SCC Flight Software monitors predefine telemetry
points for anomalies and issues pnxiefmed commands or command sequences to correct for the
anomalies. All subsystem and instrument housekeeping data will be collected from the Command
and Telemetry Bus by the CTIU and sent to the SCC over a dedicated communication link. Collected
telemetry will be formatted by the CTIU for downlink telemetry.

5
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2.3 Operating Environment

Figure 2 depicts the Command andDataHa.ndling (C&DH) Subsystem Block Diagram which shows
the interrelationships between the processors and the rest of the EOS AM Spacecraft. The Flight
Software System resides in the CTIU and SCC processors. Each processor is a MIL-STD-1750A
processor.
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3 FLIGHT SOFTWARE SYSTEM REQUIR.EM~S

3.1 Contract End Item (CEI)-Imposed Software Requirements

3.1.1 EOS Data and Information System (EOSDIS) Interfaces

All Spacecraft interfaces to the EOSDIS shall comply with the data format and protocol
requirements speci13edin EOS–AM Spacecraft Data Format Control Book, IS20008658.

3.102 Spacecraft Processing Interfaces

The Spacecraft shall intetiace with GSE and facilities as necessary to support Spacecraft integration,
test, and prelaunch operations. The Spacecraft shall interface with Launch Vehicle System supplied
GSE and facilities defined in the EOS AM Spacecraft to Launch Vehicle Intexface Requirements
Document, 1S20008503.

3.1.3 EOS Ground System Test Support

The Spacecraft shall participate in end-to-end testing of the command and data handling elements
of the EOS Ground System.

3.1.4 Independent Instrument Operation

The Spacecraft Bus shall permit the operation of each Instrument independent of that of other
Instruments.

3.1.5 Commendability

3.1.5.1 Previous State Independence

Spacecraft Bus subsystems and components
earlier states.

shall be commendable to known states regardless of

3.1.5.2 State-Dependent Functionality

Spacecraft Bus commands shall each have only one implementation. The function initiated by any
command shall not vary as a function of the existing state of the Spacecmft equipment executing
the command (i.e., no “toggle” commands). The function initiated shall not vary as a function of
the existing Spacecraft operating mode.

3.1.5.3 Single Command Recovery

No single command shall place the Spacecraft into an anomalous con.tlgurationfiorn which it cannot
recover.

DCC050693
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3.105.4 Housekeepiq Telemetry

The Spacecraft Bus shall collect and transmit to the ground Spacecraft telemetry data.

3.15.4.1 Housekeeping Telemetry Data Content

Spacecraft Bus communications return links shall contain housekeeping telemetry which includes:

a.

b.

c.

d.

e.

f.

/3”

h.

i.

j.

3.1.5.402

Indication of the current Spacecraft System Mode

Data indicative of the current status of the on-board subsystems and Instruments

Health and safety status data

Indications of resource usage

Indications of sensed failures or anomalies, if any

Data suitable for verifying execution of each Spacecraft command

Notilcation of all autonomous switching between redundant paths

Warning and advisory data, if any

Periodic samples of the navigatidattitude state vector

Any Instrument provided telemetry

On-Orbit Telemetry Redefinition

The Spacecraft shall allow the on-orbit redefinition of housekeeping telemetry stream contents.

3.1.6 Attitude Determination and Control

3.1.6.1 Safe Mode

3.1.6.1.1 Autonomous Entry

The Spacecraft shall autonomously enter Safe Mode under either of the following conditions:
a) detection that the processors or flight software are incapable of supporting safe Spacecraft
operations or, b) the GN&C subsystem fails to maintain the spacecraft attitude within predetermined
thresholds.

The Spacecraft shall not autonomously enter Safe Mode due to attitude emors detected as a result
of transitioning between using TONS and the using the Spacecraft ephemeris data for navigation.

3.1.6.1.2 Safe Mode Exit

Exit from Safe Mode shall occur only when commanded by the ground.

DCC050693 10
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3.1.7 Command and Data Handling

3.1.7.1 General

3.1.7.1.1 Spacecraft ConfigurationControl

The Spacecmft Bus shall execute ground commands for redundancy switching and loading and
dumping of software and of programmable data.

3.1.7.1.2 Command Processing

The Spacecraft shall accept commands for both real-time and stored command execution.

3.1.7.1.2.1 Processing Data Rates

The Spacecraft Bus shall accept and process uplinked command data and computer memory load
data at rates commensurate with the capacities of the ground-t@Spacecraft communications links.

3.L7.L2.2 Real-Time Coremand Execution

The Spacecraft shall distribute real-time commands within 1.024 second of receipt via the command
links. The Spacecraft Bus shall distribute commands in the same order received.

3.1.7.12.3 Stored Command Processing

The Spacecraft Bus shall provide both Absolute–Time and Relative-Time Command Sequence
(RTCS) stored command semices. The Spacecraft Bus shall inhibit execution of classes of stored
commands under control of flight software and ground command.

3.1.7.1 .2.3.1 AbsoluteTime Stored Commanding

The Spacecmft shall accept commands and associated execution times for Absolute–Time stored
commanding. Each command shall be distributed within 1.024 second after the Spacecraft time
reaches the execution time. The Spacecraft Bus shall be capable of storing at least 3000
Absolute-Time stored commands per day.

3.1.7.1 .2.3.2 Relativ&Tlme Command Sequence (RTCS) Stored Commanding

The Spacecraft Bus shall accept and stem sequences of commands and associated relative execution
times. Execution of these sequences shall be initiated by commands ffom flight software, and from
the real-time and stored command services.

Each command in the sequence shall be executed at the relative time associated with it, starting at
the initiation time of the sequenee. The Spacecraft shall store at least 128 relative time command
sequences of up to 16 commands each.

11 DCC050693
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3.L7.L2.33 Stored command Inspection/Modification

The Spacecraft shall allow the inspection and modification of stored commands and command
sequencesby ground controllers.

3.1.8 Failure Detection/Correction

3.1.8.1 Failure Tolerance

In the event of a failure on the Spacecraft, the Spacecraft Bus shall provide those resources and
services required for Spacecraft Bus and Instrument survival. The minimum services shall include:

a.

b.

c.

d.

e.

f.

f?”

3.1.8.1.1

Accepting and executing commands from ground delivered via contingency or
emergency lirb

Delivering Instrument commands to the intended Instruments

Monitoring the health and safety telemetry stream

Delivering the health and safety telemetry stream to the ground via contingency or
emergency links

Providing power for all survival critical equipment

Maintaining spacemft attitude

Providing thermal control both for operating equipment (i.e. survival critical equipment)
and non-operating equipment

Single Credible Hard Failure Tolerance

The Spacecraft Bus shaIl perform the fi.mctions specified herein after any single credible hard
failure.

3.1.8.1.2 Containment

No single Spacecraft functional or physical failure shall cause other failures external to the
component or Instrument in which the failure occurs.

3.1.8.2 Failure Monitoring

3.1.8.2.1 Critical Failure Detectability

Failures which may tlmaten Spacecraft survival shall be detected and reported in the telemetry.

3.1.8.2.2 Health and Status checks

The Spacecraft Bus shall perform on-orbit health and status checks of all subsystems and
Instruments to verify Spacecraft integrity and status.

DCC050693 12
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3.1.8.3 Failure Responses

3.1.8.3.1 General

The Spacecraft Bus shall continuously provide resources and services as required for Spacecraft Bus
and Instrument survival.

3.1.8.3.1.1 Override

The Spacecraft shall allow the override of all autonomous anomaly responses by ground control

3.1.8.3.1.2 Not tim~ntical

The Spacecraft shall await ground intervention in response to anomalies which do not require
time-critical action.

The Spacecraft Bus shall be capable of issuing predefmed command sequences in response to
selected anomalous conditions that do not require entry into a safe contlguration.

3.1.8.4 Failure Detection

The Spacecraft Bus shall provide periodic monitoring and ground commanded testing of
housekeeping equipment. The Spacecraft Bus shall transmit the data to the ground for check-out,
fault detection and location of faults to the point at which a redundant path is available.

3.1.9 software

3.1.9.1 General

3.1.9.1.1 Integrity and Revision Verification

The Spacecraft Bus flight software shall incorporate provisions for verifying the integrity of and the
revision of loaded software via telemetry.

3.1.9.1.2 Computer Program Implementation

Spacecraft Bus components which comprise computer programs shall, where practical, be
implemented as software and be reprogrammable on orbit. Where this is impractical, the computer
programs shall be embodied in non-volatile memory (i.e., implemented as fmware) which is not
reprogrammable on orbit.

3.1.9.2 Software Development

3.1.9.2.1 Development Documentation

All Spacecraft Bus software with greater than 5000 software lines of code to be implemented shall
be developed in compliance with the NASA Standard Software Life Cycle defined in SMAP 4.0 and
documentation standards defined in NASA-SD21B91, and in compliance with the policies
defined in 421-10-03 (EOS AM Project Spacecraft Bus Software Management Plan).

13 DCC050693
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3.1.9.23 Life Cycle

Adaptations to the life cycles specifkd in the documents of 3.1.9.2.1 shall be considered when the
Source Lines of Code (SLOC) to be implemented are gmaterthan 500 and equal to or less than 5000.
Life cycle and documentation standards defined in NASA-STD-21OO-91 do not apply when the
SLOC to be implemented are equal to or less than 500.

3.1.9.2.3 Programming Language

Where practical, all Spacecraft Bus software shall be developed in the Ada programming language
as per ANSUIVILSTD-1815A. Where Ada is not usecL another appropriate high-level
programming language shall be used if practical. Spacecmft Bus software shall be developed using
assembly language only where dictated by software performance (i.e., speed) requirements or by
the lack of an appropriate high-level language for the host processor.

3.1.9.2.4 Flight Sottware Maximum Utilization

All Spacecraft Bus software shall comply with the maximum utilization requirements set forth in
Table I at the times of the various listed events. All Spacecraft Bus fmware shall comply with the
maximum utilization requhements set forth in Table II at the times of the various listed events.

Table I. Flight Software Maximum Utilization

I Parameter PDR CDR FRR Launch

RAM . 42V0 51% 57% 60qo

CPu 3570 42.5?lo 47.5% 50%

I/o 35% 42.5% 47.5% 50%0

Table II. Flight Firmware Maximum Utilization

RAM 49% 59.5% 66.5910 7090

CPu 56% 68% 76% 80’%0

I/o 56% 68% 76% 80%

DCC050693 14
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3.1.10 I&T Acconunodations

3.1.10.1 General

3.1.10.1.1 Modularity

The Spacecraft shall be of modular construction to the extent practical to facilitate I&T.

3.1.10.1.2 Standardization

The Spacecraft Bus shall utilize standardized ha.rdwm, software, data formats, and procedures to
facilitate maintenance.

3.1.10.1.3 Existing Ground Equipment Use

The Spacecraft Bus shall be designed to use existing ground equipment to pexform
functions, wherever practical, rather than requiring the design of new equipment.

3.1.10.1.4 New Maintenance Equipment Use

maintenance

When new maintenance equipment is required to maintain Spacecraft elements which are part of
a group of physically or fimctiona.lly identical or similar elements, the equipment shall be designed
to petiorrn its task(s) on each element of that group, where practical.

3.1.10.1.5 Prelaunch Support

The Spacecraft shall support prelaunch integration and checkout of the Spacecraft by incorporating
intefiaces forextemal stimuli or simulators, where appropriate, and by performing status checks and
executing sample command loads.

Command and housekeeping teleme~ capabilities shall be available both with and without RF
links.

3.1.10.1.6 Verifiable Test Equipment

All test equipment shall be functionally veriilable.

3.1.10.1.7 Test Equipment Calibration

Spacecraft test equipment shall be calibrated in accordance with GSFC 420-05-02.

3.1.11 Design and Construction

3.1.11.1 Safety Interlock Mechanistiechniques

The Spacecraft Bus shall incorporate safety interlock mechanisms, implemented in hardware or
softwme to prevent the execution of predefmed commands which are potentially hazardous to
personnel or to the Spacecraft without prior confiiation or arming by ground operators.

15 DCC050693
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3.1.12 Precedence

3.1.12.1 Precedence of Design Criteria

Design decisions shall accommodate compliance with safety requhments specilled in this
document before accommodating any other considerations (e.g., COSGschedule, ptxformance)

3.1.13 Subsystem and Major Assembly Requirements

3.1.13.1 General Subsystem Functions

Each Spacecraft Bus subsystem shall perfoxm all functions allocated to it unless otherwise
specifkd, throughout mission life.

Each subsystem shall provide resources or services as required for Spacecraft and Instrument
survival.

3.1.13.2 Subsystem Failure Tolerance

Each subsystem shall be single credible hard failure tolerant. For analysis purposes, EAS failures
shall be treated as failures of the subsystem whose EAS-provided scxvices am interrupted.

3.1.14 General Subsystem Comma.nds and Telemetry

3.1.14.1 Subsystem Commands

Each subsystem shall accept, and execute upon receipt, commands delivered to it via the C&DHS.

3.1.14.1.1 Function Override#Inhibit Commands

All subsystems shall accept and execute commands to override or inhibit the execution of
autonomous fimctions which may interfere with Spacecraft operations or jeopardize the health of
the Spacecraft. Such functions shall include, as a minimum, those which may cause:

a.

b.

c.

3.1.14.2

3.1.14.2.1

The transition of the Spacecraft out of science mode

The issuance of any commands whose execution maybe inadvisable after a particular
anomaly, and

The issuance of any commands which would conllgurc the subsystem to follow a
particular redundant path (one which may have been assessed to be faulty)

Subsystem Telemetry

Health and Safety Telemetry Content

The health and safety telemeby provided by each subsystem in all Spacecraft modes shall be
stilcient to support all operations. These data shall indicate the cu.nent status of the subsystem, and
shall allow assessment and monitoring of the subsystem.

Subsystem and component failures which may threaten Spacecraft survival shall be detectable in
health and safety telemetry.

DCC050693 16
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3.1.14.2.2 Housekeeping Telemetry Content -

The housekeeping telemetry provided by each subsystem shall allow ground controllers to assess
the operational state of the subsystem, monitor critical subsystem functions, and aid in fault
detection and comxt.ion.

Subsystem housekeeping telemetry shall, as a minimum, contain the following:

a.

b.

c.

d.

e.

f.

Redundancy status of the subsystem and components

Health and safety status data

Indications of resource usage

Indications of sensed failures or anomalies, if any

Data suitable for verifying execution of each Spacecraft command

Not.Mcation of all autonomous switching between redundant paths

Each active Spacecraft subsystem shall provide, during all modes, telemetry points necessary for
monitoring the operation of its hardware and software components. Any autonomous co~tive
actions taken shall be reported to the ground via housekeeping telemetry. This report shall be
periodically repeated until acknowledged from the ground.

3.1.14.3 General Subsystem Computer Programs

Each subsystem containing code used to ensure Spacecmft survival shall maintain that code in
non-volatile media for initiation or restoration after anomalies.

3.1.14.3.1 General Subsystem Interface Standardization

Each subsystem and component shall utilize the standard interfaces defined in the GIS, unless an
exception is explicitly noted in its spedication.

3.1.15 Flight Software System (FSWS)

3.1.15.1 FSWS General Functions

The Flight Software System (FSWS) shall supply all Spacecraft Bus flight software, and fmware
for selected C&DHS components which contain embedded processors.

3.1.15.2 FSWS System Support Functions

The FSWS shall initiate spacecraft load shedding upon sensing that the orbit average spacecraft
power load exceeds the spacecraft power generation capability.

3.1.15.3 FSWS Subsystem Support Functions

TheFSWS shall execute software control, monitoring, FDIR, and other algorithms required by other
subsystems as allocated by the subsystem speci.tlcations.

17 DCC050693
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3.1.15.4 FSWS Telemetry Monitoring

The FSWS shall provide a Telemetry Monitor sewice to subsystems, in support of autonomous
FDIR actions due to time-critical anomalies or failures.

Upon detection of an active trigger condition, the Telemetry Monitor shall issue a pmdefined
c;rnmand or shall trigger execution of a predefmed RTCS.

3.1.15.5 FSWS Ancillary Data Support

The Flight Software System shall accept ancillary data generated by

The FSWS shall provide the C&DHS with formatted ancillary
Instruments.

subsystems.

data for distribution to the

The FSWS shall provide ancillary data messages to the C&DHS. The duration of FSWS processing
of any data will never exceed .924 seconds.

3.1.15.6 FSWS Command and Memory Load Processing Rates

The FSWS shall accept and process uplinked command data and computer memory load data at rates
commensurate with the capacities of the ground-to-Spacecraft communications links.

3.1.15.7 FSWS FDIR

Software FDIR shall monitor the Spacecraft central computer and related processing equipment
operation. Upon detection of failure of the system to provide necessary resources, it shall withhold
distribution of the computer “OK” message, causing autonomous transition to Safe Mode.

The FSWS shall monitories own execution. Upon detection of anomalous operation, shall withhold
distribution of the computer “OK” message, causing autonomous transition to Safe Mode.

3.1.15.8 FSWS Software Operating Environment

The FSWS shall provide a standardized software operating environment for the execution of
subsystem application software.

3.1.16 Quality Assurance Provisions

The Petiormance Assurance Implementation Plan (PAIP), PN2005397, documents the overall
quality assurance approach for the EOS AM Spacecraft Bus. The specfilcs of the Performance
Veriilcation process me documented in the Vefilcation Plan, PN20005404. The VerMcation Plan
includes the verification matrix describing the methods and approaches to be used to verify the
compliance of the Spacecraft Bus with each requirement of this CEI Specillcation.

The Spacecraft Bus quality assurance program, as documented in thePAIP and the Vetilcation Plan,
shall comply with all applicable quality assurance requirements of NASA 421-1(LW (the RD),
NASA 42045432 (the PAR), the Instrument UIIDs, and the GIIS.
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3.1.17 Operational Support

3.1.17.1 Absolute Time Command (ATC) Storage

[1] The FSWS shall provide additional storage (for absolute time commands) to allow
operations to continue during a communications outage of one orbit duration.

[2-J The FSWS shall verify stored command loads via CRC.

3.1.17.2 Absolute Time Command Processing

[1]

[2]

[3]

[4]

[5]

[6]

The FSWS shall enable and disable processing by ground command.

The FSWS shall prevent re+xecution of stored commands.

The following ATC commands shall be implemented:

a. NOOP

b. JUMP (change command address pointer)

c. HALT.

The FSWS shall provide for the insertion of the NOOP, JUMP and HALT commands via
realtime command. (Further editing capabilities, such as inserting a command sequence,
must be authorized by GSFC before stating as a requirement (TBD-1)).

ATC commands shall be able to activate relative time command sequences.

ATC commands shall be able to mod@ system tables. (This requires a lockout feature to
prevent interference with operational software).

3.1.17.3 Relative Time Sequences (RTS)

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

The FSWS shall enable and disable processing by ground command.

RTSS shall be initiated by realtime command, absolute time command, or softw= function.

RTS commands shall be able to activate other RTSS ((TBD-2) – further definition of RTS
utilization is required).

Multiple RTSSshall be able to execute concurrently. Maximum number is (TBD-3)– further
definition of RTS utilization is required. .“

RTS commands shall be able to modify system tables. This requires a lockout feature to
prevent interference with operational software.

The FSWS shall be able to process multiple RTS commands vying for execution at the same
time step.

The FSWS shall provide for the disabling of a RTS by realtime command, FDIR, and other
stored commands, even after execution has begun.

The FSWS shall provide for RTS replacement by its identifier.

The FSWS shall provide for the expansion of a RTS to the maximum allowable size.
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3.1.17.4 Telemetry Monitor (TMON)

[1] The FSWS shall adjust TMON procedures via table modi.ilcations, not software code
revision.

[2] The FSWS shall allow for the organization and control of TMONS in two categories, one
for FDIR and one for normal operation support.

[3] Operational support TMONS shall use only prediction data, as opposed to sensed telemetry,
to determine ptinent orbital events (eg. nightiday transition, equator crossing).

[4] The FSWS shall allow TMON to read computer data (including time) and status registers.

[5] The FSWS shall provide the capability for TMON to apply a mask to collected data words.

3.1.17.5 Telemetry Reporting

[1]

[2]

[3-J

[4]

[5]

[6]

[7]

[8)

[9]

[10]

[11]

[12]

The FSWS shaIl provide the capability to generate an activity log consisting of a variable
set of data and downlinked as normal telemetry or via memory dump. (Typical data would
be software error messages and controls commands issued.)

Definition of activity log content shall not xequire software revision. (This requires
allocation of a fwed bandwidth, with variable content.)

The FSWS shall implement a memory monitor capability to sample memory locations and
status registers as directed by command, and include in telemetry. (This requires allocation
of a freed bandwidth, with variable content.)

The FSWS shall provide a table driven telemetry processing program to compute significant
values for downlink during the next pass. (Examples of processing would be to compute:
Orbit Average, End-of-Day values, End-of-Night values, “Event” values)

The data sets generated by the activity log, memory monitor, and telemetry processing
functions shall be defined by a table.

The data set definition table for the activity log, memory monitor, and telemetry processing
functions shall, as an option, be telemetered along with the data.

The following shall be reported in telemeuy:

a. FDXR(’TMON)status

b. ATC pointer value

c. RTS status

Telemetry tables shall be modifiable via ground command upload of new table values.

The telemetry table revision process shall be performed within one Master Cycle.

Fill data shall be transmitted during the Master Cycle dedicated to the telemetry table
revision process.

Telemetry shall include an indicator which defines whether the original or a revised
telemetry table is in use.

There shall be a separate telemetry table indicator for each remote terminal and the CTIU.
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3.1.17.6 The Maintenance

[1] Application of clock updates shall require the use of process interlocks with TONS software.
((TBD4 )- Tme distribution and maintenance procedures are curnatly under review.)

3.1.17.7 Command and Data Handling

[1] The ground shall be able to “inhibit” software or software generated commands which
normally control S/C devices such as SAD, and thrusters. (The ground will provide control
sequences either in real-time or via stored command. The last command of the ground
provided sequence can be used to reactivate the normal software control.)

[2] ticillary data shall be annotated for Quicklook processing (on the ground) while any
instrument is issuing Quicidook data.

3.2 Subsystem-Imposed Software Requirements

3.2.1 Command and Data Handling Subsystem (C&DHS) Software Requirements

3.2.1.1 SCC-Based FSWS

3.2.1.1.1 Provided Services

[1] The SCC–based FSWS system shall provide the C&DHS with all services spectiled herein
throughout all mission phases.

[2] The SCC-based FSWS shall perform the following monitoring for the C&DHS.

a. IMOK

b. SCC temperature

[3] The SCC–based FSWS shall provide the following Relative Time Sequence (RTS) for the
C&DHS:

a. to transition the C&DHS from its science mode to its survival mode,

b. to transition the C&DHS from its standby mode to its sumival mode,

c. to transition the C&DHS from its science mode to its standby mode.

d. BDU redundancy switch-over.

3.2.1.1.2 Telemetry

[1] The SCC–based FSWS shall generate sufficient housekeeping data in the downlinked
telemetry stream to allow ground controllers to assess the operational state of the SCC,
monitor critical functions and aid in fault detection and correction.

[2] The SCC–based FSWS shall generate data in the downlink telemetry streams sufficient to
support ground controller monitoring and logging of SCC resourees, its
con.ligurationhecotilgumtion and its si~flcant events.
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[3] The SCC-based FSWS shall utilize the C&T bus to transmit its telemetry data for inclusion
in the H/K teleme~ and H&S telemetry.

[4] The SCC-based FSWS shall generate telemetry commiserate with its current operational
state.

3.2.1.2 FDIR

[1] The active SCC–based FSWS health check shall perform a health check to support
diagnostics.

[2] The standby SCC-based FSWS health check shall perform a health check to support
diagnostics.

[3] The active SCC shall provide data indicating the corrective action(s) taken in telemetry.

3.2.1.3 High Speed Serial I/O Interfaces

3.2.1.3.1 Serial Interface Management Function

The SCC–based FSWS shall provide status of the high speed serial intedaces as part of its telemetry.

3.2.1 .3.1.1 Active SCC-Based FSWS Initialization and Configuration

The active SCC-based FSWS, based on resident conf@umtion &@ shall establish the high speed
serial I/O interfaces between the active CTIU and itself as part of transitioning the SCC to an active
operational state.

3.2.1.3.1.2 Verification of High Speed Electronic Interthee

The SCC–based FSWS shall re-transmit a loopback message over the SCC-to-CTIU upon receipt
of a loo~back on the CTIU-to-SCC interface.

3.2.1 .3.1.3 Serial Interface CTKJ-to-SCC Functions

3.2.1 .3.1.3.1 Input

a. H/K telemetry

b. SCC closed loop data from Spacecraft components

3.2.1 .3.1.3.2 Processing Requirements

3.2.1.3.1.32.1 Nominal Processing

[1] Nominal processing shall provide accepting, decoding, validating and distributing the input
data streams (H/K telemetry, SCC closed loop data) as required.

[2] The SCS-based FSWS shall support message validation and acknowledgment as swcifkd
for the high speed serial I/O inttxface in FSWS IRI), 20039967.
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3.2.13.1.3.2.2 Exception Processing

a. Any message rejection shall be reported in telemetry.

b. Any intdace problem shall be reported in telemetry.

3.2.1.3.1.3.2.3 output

a. Serial intetiace status in housekeeping telemetry

3.2.1.3.1.4 Serial Interface SCC-to-CTIU Functions

3.2.1.3.1.4.1 Input

a. SCC closed loop commands

b. H/K telemetry

c. IMOK message

3.2.1.3.1.4Q Processing Requirements

[1] Command data transfers:

a. The SCC–based FSWS shall support the data message interface protocol data for
message headers and trailers, message validation and acknowledgment as specfled for
the high speed serial link in FSWS IRD, 20039967.

b. Messages distributed by the CTTUto Spacecraft equipment

1. All messages shall look the same once the message protocol is removed whether
they axe transmitted over the high speed serial I/O interface or the uplink
(forward service link)

2. Messages, such as one only between the active SCC and active CTIU, shall
contain a command structure which includes a 1553B command word.

c. The SCC-based FSWS shall ensure all command data transfers delivered to the CTIU
m in+rder.

d. The SCC–based FSWS shall perform command data transfer flow control and
prioritization among command data transfers.

[2] Command data transfers containing commands:

a.

b.

c.

The SCC–based FSWS shall distribute commands to the Spacecraft equipment at a data
rate with respect to the SCC-based FSWS command data transfer distribution specKled
in paragraph 3.2.1 .1.3.2 of the C&DH Subsystem Spec. (PS20008567)

The SCC–based FSWS shall ensure commands it transmits to the CTIU for delivery
within the same minor cycle have different RT addresses.

The SCC-based FSWS shall ens- relay drive commands to the same recipient are
spaced to allow time for a preceding relay drive command to complete.
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[3] Command data transfer containing an ancillary data packet

a. The SCC-based FSWS shall generate the ancillary data packet as spedled in Section 6
of the GSFC 420-03-02 with respect ancillary data content and ~cket format.

b. The SCC-based FSWS shall ensure the ancillary data packet is delivered to the CTIU
in minor cycle N-3 where the fmt ancillary data packet is scheduled by the bus
utilization table to be delivered to an Instrument in minor cycle N.

[4] Command data transfers containing SCC OK message:

a. The SCC-based FSWS shall

1. perform a health check over hardware

2. petiorm a health check over SCC-based FSWS

3. only transmit the SCC OK message to the CITU if health check positive

4. xtpeat this health check every 1.024 seconds.

b. The SCC FSWS shall ensure the SCC OK message is delivered to the CTIU in minor
cycle N-3 where the first IMOK message is scheduled by the bus utilization table to be
delive~d to a recipient in minor cycle N.

c. The SCC-based FSWS shall prepare the IMOK messages as specifkd in FSWS IRD,
20039967, for both the ACE and PDU as separate command data transfer containing
commands to the CTIU for distribution.

d. The SCC-based FSWS shall ensure the IMOK messages are received at the expected
time by the ACE and PDU respectively.

3.2.1.3.1.4.3 output

a. Command data transfers containing commands

b. Ccmmand data transfer containing ancillary data packet

c. Command data transfers containing SCC OK message if health test results are positive

d. Command data transfers containing safe mode commanding if IMOK is not received
when expected

3.2.1.4 SCC’S C&T Bus Embedded RT

3.2.1.4.1 Power-up Initialization and Cofilguration

[1] The SCC-based FSWS shall re-initialize its C&T RT upon command.

[2] During the RT initialization, the SCC–based FSWS shall set the busy bit in the RT status
word as early as possible to prevent the C&T message trafllc from being processed.

[3] Upon completion of the successful initialization, the SCC-basedFSWS shall reset the busy
bit.
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3.2.1.4.1.1 Input

a.

b.

c.

d.

e.

f.

&

h.

Commands for SCC (T/R-Receive, RT subadchess -1)

Mode code commands (T/R=Receive, RT subaddress=o or 31) (T/Retransmit, RT
subaddress=O or 31) of which synchronize with data word (T/R=Receive, RT
subaddress=31) is one

Memory Loads (T/l?=Receive, RT subaddress=2)

IMOK (T/_R=Receive,RT subaddress=5)

Time Code (T/R-Receive, RT subaddress-6)

C&DHS safe mode commanding (T/l?=Receive, RT subaddress=7)

Loop-back (T/R-Receive, RT subaddress==9)and data gather request (T/R=Tkansmit,
RT subaddress=9)

Data gather request (T/R==Transmit) (memory dump claw RT subaddress=2, H/K
telemetry: RT subaddress=17, H&S telemetry: RT subaddress=18)

3.2.1 .4.1.2 Processing Requirements

[1] Host nxponsibility for an embedded R’11

a.

b.

c.

d.

e.

f.

The SCC-based FSWS shall utilize the C&T bus to receive and transmit data between
the itself and the active CITU as specitled in Table XVI of the C&DH Subsystem Spec
(PS20008567), Functionality of SCC’S Operational States.

During initialization of the C&T RT, the busy bit shall be asserted by the host until it is
ready to accept C&T bus messages.

The SCC–based FSWS shall monitor the C&T RT message transactions.

The host shall report the C&T bus related problems in its telemetry.

The SCC C&T RT shall store validated messages in memory accessible to the
SCC–based FSWS if the T/R=Receive in the 1553B command word.

The SCC-based FSWS shall allow a minimum of 100 psecs for a possible
re-transmission before routing the C&T RT stored message content for subsequent
processing and also route it in sufficient time before the next possible message overwrites
this data.

The SCC-based FSWS shall store data for transmission to the CTIU in memory
accessible to C&T RT prior to minor cycle N–1 when the data is expected to be gathered
in minor cycle N and not overwrite that memory until minor cycle N+l has occurred.

[2] The SCC-based FSWS shall perform memory loads as specilled in DFCB, 1S2008658.
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[3] IMOK Message

a. The receipt of an C&DHS safe mode command issued by the active C’ITU shall be
interpreted by the active SCC-based FSWS that the CTIU did not receive the SCC OK
message in more than 2.048 seconds.

b. The absence of the IMOK message shall cause the active SCC-basedFSWS to issue safe
mode commands.

[4] Synchronization with active CTIU minor cycle.

a. The SCC-based FSWS shall maintain synchronization to the active CTIUs minor cycle.

b. Upon receipt of the synchronize with data word mode code command, the SCC-based
FSWS shall (a) adjust it leading edge of its minor cycle if required and (b) compare its
majorhninor cycle count with the one in the data word and use the one in the data word
if there is a diffenmce.

[5] The SCC-based FSWS shall use the C&DHS provided standard time service.

[6] The SCC-based FSWS shall conform to the memory load and memory dump conventions
specifkd in Sections 5 and 6 of the DFCB, 1S20008658.

[7] The SCC–basedFSWS shall sample and route H/Ktelemetry and H&S telemetry to the C&T
RT.

3.2.1.4.1.3 output

Nominally, a 1553B response is always a status word and additional 1553B data words as required.

a. H/K telemetry

b. H&S telemetry

c. Diagnostic

d. Loop-back

e. 1553B mode code response

3.2.1.5 CTIU Firmware

[1] The CTIU fmware shall use the bus utilization table.

[2] The CTIU fmware shall interface with the following electronic intetiaces:

a. serial I/O interfaces between the SCC and CTIU

b, C&T bus as a BC and a RT

c. LRS bus as a RT

d. S-band transponder interfaces.
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[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

n

The CTIU fmware shall interface with the CI’IU hardware specifkd in the CTIU .
Component S~iilcation, PS20008569.

The CTIU fmware shall validate uplink command data transfer by implementing the
FARM as specifkd in DFCB, 1S20008658.

The CTIU fmware shall only perform functions commensurate with its operational state.

The CI’IU fmware shall enable/disable all CTIU autonomous functions upon command.

The CTIU fmware shall maintain the master Spacecraft clock.

The CTIU fmwme shall accept, decode and distribute command data transfers.

The CTIU fmware shall deliver command data transfers it receives for other Spacecraft
equipment.

The CTIU fmware shall execute CTIU commands contained in command data transfers or
in C&T bus messages as specii3ed in Appendix I of the C&DH Spec (PS20008567).

The CTIUfmware shall suppxt data sampling by the BDUSby delivering the BDU sample
schedule tables.

The CTIU fmware shall perform data gathetig by delivering the data gather requests.

The CTIU fmware shall format and distribute the gathered data.

The CTIUfmware shall generate C’lTUtelemetry as specfled in Appendix IIof the C&DH
Spec (PS20008567).

The CTIU fmware shall generate time code message and deliver it to designated recipients.

The CTTUfmware shall generate the synchronize with data word mode and &liver it to
designated recipients.

The CTIU fmware shall (a) accept the ancillary data packet from the SCC-based FSWS,
(b) deliver the ancillary data packet and (c) distribute the ancillary data packet for inclusion
in the low–rate science data stream.

The CTIU fmware shall (a) accept the SCC OK message from the SCC-based FSWS (b)
process the message and (c) deliver the IM OK messages or if sufilcient time has elapsed
since the last SCC OK was received perform C&DHS safe mode commanding.

The CTIU fmware shall generate safe mode commands and deliver the safe mode
commands upon command.

The (XIll fmware shall be capable of doing memory loads per the conventions spectiled
in DFCB, 1S20008658.

The CllU fmware shall support memory dump gathering of other Spacecraft equipment
per the conventions specified in DFCB, 1S20008658.

The CTIU fmware shall be capable of dumping its memory on command.

The CTIU fmware shall execute a predetermined procedure upon ~ceipt of CTIU reset
commands.

The CTIU fmware shall provide status information which includes periodic fault detection
data in telemetry.

27 DCC050693



20008662
06May1993

[25] The CTIU fmwme shall support the CI’fU OK timer.

[26] Upon command, the CTIU fmware shall implement pre-planned diagnostic procedures
which includes check-out and FDIR procedures.

[27] The CITU fmware shall gather the PN epoch data for inclusion in telemetry.

[28] The CTIU fmware shall gather the Doppler measurement data for inclusion in telemetry.

[29] The CTIU fmware shall support the switch-over to the CI’IUS internal crystal oscillator
as part of the time services.

3.2.1.6 Operational Support

3.2.1.6.1 Memory Loading/Dumping

[1] All memory loads shall be verifkd by CRC. The FSWS shall respond in telemetry with a
CRC PasdI%il indication and an identiller to asscciate it with the data set.

[2] The CRC shall be applied at the dataset level which may consist of multiple transfer frames.

[3] Ephemeris data shall require the following handling befcne use. Other data shall also require
this handling. .

a. A ground vtilcation indicator shall be associated with this data. This indicator is set
by the ground to confirm ground verification. The data shall not be used if the indicator
is not set.

b. A continuity check with the previous data set shall be performed Failure of the
continuity check shall pnxent use of the data.

c. A time span shall be associated with the data se~ which defines when the data is valid.
The FSWS shall only use the data when S/C time is within this time span.

[4] The FSWS shall perform load and dump by table name and segment within a table.

[5) Dumps shall include a label which is either provided as part of the dump command or
defaults to the table and segment name of the data source, or defines starting and ending
address.

[6] Data dump gathering rate shall be specifkd by a parameter within the dump command.

3.2.1.6.2 System Tables

[1] The FSWS shall maintain system data tables in a logical organization (including frequency
of update).

[2] The FSWS shall enforce a standard format for all data types (e.g. numerical, logical).

[3] The FSWS shall not translate operator input into some other format, or apply adjustments
which change the effect of operator entered data (e.g. scaling).

[4] The FSWS shall store dynamic values in separate working data areas, not within system
tables.
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[5] System tables shall be modifiable by realtime, absolute and relative time commands.
(Absolute and relative time commands are restricted to a maximum of two data words)

[6] Limit checks shall be performed to prevent overwrite of data beyond intended boundaries.

[7] The FSWS shall prevent data update while the table is in use by operational software.

3.2.1.6.3 Comman d and Data Handling

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

3.22

Command interpretation shall be consistent through all Spacecraft modes.

Non primary (redundant) components shall be commendable if powe~d on (to be defined
on a case by case basis).

TheFSWS shall process commands as Executive Requests, which create a software interrupt
and are processed on receipt.

The FSWS shall retain the most recent uplinked transfer frame if received in error, and dump
content on request

The FSWS shall enforce a minimum separation of 110 milliseconds between relay dxive
commands issued to any BDU.

Software control commands (to the subsystems) shall use the same command format as
uplinked realtime commands.

The software shall not translate ground commands into new commands on-orbit. Each
command shall be distinct-not adjustable by system table values.

Critical commands shall be defined to be two-command sequences to guard against
inadvertent use.

Guidance, Navigatio~ and Control (GN&C) Subsystem Software Requirements

3.2.2.1 GN&C Software External Interfaces

The C&DHS will provide an estimate of UTC time accurate to ~100 microseconds.

C&DHS will provide the communications medium between the GN&CS Flight Software, exclusive
of the Safe Mode software, and all the Spacecraft components with which the GN&C Flight
Software interacts. The medium will consist of the Command and Telemetry (C&T) Bus and
associated Bus Data Units (BDUS) as defined in 1S20008501. The C&T Bus is a hi-directional serial
data channel whose use must be time shared. The GN&C Flight Software shall accommodate the
trafilc allocation defined below.

The C&DHS will allocate a periodic time slot for each transaction between a BDU and a Spacecraft
component. The BDU shall accommodate subsystem serial commands that are based on 16 bit
boundaries ((TBD-5)) awaiting component level design).

C&DHS interface timing is defined in 8-millisecond minor cycles, numbered from Othrough 127.
The GN&C Flight software shall accommodate the allocation depicted in Table III to collect
measurement data. The GN&C Flight Software shall accommodate the allocation depicted in
Table IV to distribute commands.
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‘Ihble HI. C8ZDHS‘kaffic Allocation to Collect Measurement Data for GN8zC Flight Software 8

Component/
●

Measurement Data Repetition Data crosses component-C&DH #Time at which w
location of BDU collection interval, interface at fixed times relative to complete Rgtovolume minor cycles start of reference measurement is

Minor Cycle i in the ranges listed available to
GN&C Flight

Software, relative
to start of

reference Minor ,
Cycle i

After start of Before start of By start of Minor
Minor Cycle Minor Cycle Cycle

ACE/GN&C EM IRU Z(A$ pulses) 18 bytes 16 i+O i+2 i+5

ACE/GN&C EM RWA Z(tach pulses) 8 bytes 64 i+O i+2 i+5

ESA l/EPS EM E&H error 4 analogs 64 i+O i+l i+4

ESA 2/EPS EM E&H error 4 analogs 64 i+O i+l i+4

FSWEPS EM Sun angles 4 bytes 64 i+O i+l i+4

TAM l/GN&C Field strength 3 analog 64 i+O i+l i+4
EM

TAM 2/GN&C Field strength 3 analog 64 i+O i+l i+4
EM

,

HGAIHGAl Gimbal angles 8 bytes 8 i+4 i+5 i+7

TDRSS Dopper frequency 8 bytes 128 i+O i+l i+4
transponder 1/ sums

f

COMS &
C&DHS EM

TDRSS Dopper frequency 8 bytes 128 i+O i+l i+4
transponder 2/ sums
COMS &
C&DHS EM

1HGA contains a RemoteTerminalwhich is functionallyequivalent to a BDU.



‘Ihble HI. C&DHS ‘1’rdlicAllocation to Collect Measurement Data for GN&C Flight Software (Continued)

Component/ Measurement Data Repetition Data crosses component-C&DH Time at which
location of BDU collection interval, interface at fixed times relative to complete

volume minor cycles start of reference measurement is
Minor Cycle i in the ranges listed available to

GN&C Flight
Software, relative

to start of
reference Minor

Cycle i
After start of Before start of By start of Minor
Minor Cycle Minor Cycle Cycle

rDRSS Ancillary data 5 bytes 128 i+O i+l i+4
ransponder 1/
DOMS
!kC&DHS EM

rDRSS Ancillary data 5 bytes 128 i+O i+2 i+5
ransponder 2/
COMS &
E&DHS EM

I’DRSS PN epoch time 5 bytes 1,280 i+l i+2 i+5
mnsponder 1/
COMS &
C&DHS EM 1

I’DRSS PN epoeh time 5 bytes 1,280 i+l i+2 i+5
mmsponder 2/
COMS &
C&DHS EM

LIDEJ COMS & Array angle 1 analog 64 i+l
C&DH EM

i+2 i+5

I
I



“1’hbleIV. C&DHS ‘lkaftlc Allocation to Distribute Commands for GN&C Flight Software—

Component/ Command Command data Repetition Data crosses component-C&DH Time by which
location of BDU volume interval, interface at fixed times relative to GN&C Flight

minor start of reference Software shaU
cycles Minor Cycle i in the ranges listed format command,

relative to start of
reference Minor

Cycle i
After start of Before start of Not later than start
Minor Cycle Minor Cycle of Minor Cycle

ACE/GN&C EM RWA torque 4 16-bit words 64 i+O i+l i–4

ACE/GN&C EM TAM drive 3 l~bit words 64 i+l i+2 i-3

SSST llGN&C EM Acquisition 21 16-bit words 640 i+3 i+7 i–1

XIST 2/GN&C EM Acquisition 21 16-bit words 640 i+7’ i+ll i+3

HGA/HGA1 Drive 4 16-bit words 64 i+O i+l i–4

ITITIS~Sti~sponder Time of day 5 16-bit words 1,280 i+O i+l i–4

C&DHS EM

TDRSS transponder Time of day 5 16-bit words 1,280 i+O i+l i–4
2/COMS &
C&DHS EM

~C~SIStr#sponder Doppler 1 16-bit word 1,280 i+O i+l i–4
correction

C&DHS EM

TDRSS transponder Doppler 1 16-bit word 1,280 i+O i+l i–4
2/COMS & correction
C&DHS EM

PMEA/PROPS EM Thruster fire 10 16-bit words, 64 i-2 i+l i-6
followed by an
“execute” pulse

SADWCOMS & Array drive 1 16-bit word 1024 i+l i+2 i-3
C&DHS EM

1HGA contains a RemoteTennina.1which is functionallyequivalent to a BDU.
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3.22.2 Attitude Determination and Control (~AC) Software

3.222.1 ADAC Mode and Sequence Control

The ADAC Mode and Sequence Control shall perform the following modes:

a. Earth Acquisition Mode

b. Normal Mode

c. Orbit Adjust Mode.

3.2.2.2.1.1 Earth Acquisition Mode

[1] The FSW shall respond to the Separation flag to enter Earth Acquisition Mode, assigning
sensors and effecters as required to acquire the local vertical (heal Vertical Acquisition
submode), and to acquire yaw (Yaw Gyrocompass submode).

[2] The FSW shall respond to the command to enter Update Filter submode, assigning sensors
as required to acquire a stellar-inertial attitude reference.

3.2.2.2.1.2 Normal Mode

[1] The FSW shall respond to the commands to enter Normal Mode, acquire an inertial attitude
reference (Stellar Acquisition), and use the Update Filter output as the attitude reference.

[2] The FSW shall respond to the command to enter Update Filter Earth Pointing submode
(upon convergence of the Update Filter).

[3] While in Update Fflter Earth Pointing submode, the FSW shall respond to commands to
offset-point the Spacecraft (Update Filter Offset Pointing submode).

3.2.2.2.1.3 Orbit Adjust Mode

[1] The FSW shall respond to commands to enter Orbit Adjust mode.

[2] The FSW shall support the capability to maintain three-axis control (with pointing offset
capability) of the Spacecraft during orbit acquisition bums, during periodic drag make-up
bums, and during inclination correction bums; and, upon termination of the maneuver,
return to the previous GN&CS mode.

[3] The FSW shall suppcxl the capability to slew to any yaw angle prior to the start of the
maneuver.

[4] At the end of a AV sequence, the FSW shall autonomously return to the previous mode.

[5] If the previous mode was Normal Mode, the FSW shall return to the Stellar Acquisition
submode.

3.2.2.2.2 Update Falter

[1] Data from the SSST ardor FSS shall be used to estimate and correct attitude determination
and gyro bias compensation errors.

[2] The normal mode of the update fflter shall employ data ffom the SSSTS.
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[3] Capability shsll be provided to process data fkom the FSS as a backup.

[4] Attitude Determination shall use Navigation System lunar ephemeris data to determine
when the moon is in the field of view of a star tracker.

[5] Attitude Determination shall use Navigation System solar ephemeris data forfme sun sensor
data processing (’TBD-6) [dependent upon accuracy of data].

3.2.2.2.2.1 Update Filter Inputs

a. SSST data

b. FSS data

c. Spacecraft inertial attitude (as derived from integrating the IRU data)

d. Body mtes

e. Solar position

f. Lunar position

3.2.2.2.2.2 Update Filter Description

[1] The Update Filter shall be a Kalman filter which shall compute attitude emors using star
sensor and sun sensor dam sun position data, and a stored star catalog.

[2] The EOS mission shall ~quim the storage of information on no mom than 700 stars in the
update ffltering star catalog.

[3] The Update Filter software shall provide precession computations on the stellar positions in
order to avoid the requirement for fkquent uplinking of stellar data.

[4] Star catalog data shall not be used unless it has been verifkxi by the ground (as determined
via a verification indicator).

3.2.2.2.2.3 Update Filter Outputs

a. Spacecraft inertial attitude update.

b. Gyro rate bias @date.

3.2.2.22 Gyro Data Processing

[1] Gyro Data Processing shall perform the following functions:

a. Pre-fdter gyro information and convert from raw values to attitude rates.

b. Integrate attitude rates to propagate Spacecraft attitude knowledge.

3.2.2.2.3.1 Gyro Data Processing Inputs

a. IRU Z(A@ pulses)

b. Spacecraft inertial attitude update.

c. Gyro rate bias update.
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3.22.23.2 Gyro Data Processing Description -

[1] Gyro data fkom the IRU shall be optionally pre-fdtered every 0.128 second to remove
undesirable aliasing effects which can result from a discrete time control cycle (0.512 see).

[2] Pre-ffltered gyro data shall be converted ftom raw values to attitude rates every 0.512
seconds.

[3] These attitude rates shall be comctedforgyro misalignments and applied with scale factors.

[4] Bias compensation, including bias error estimates from the Update Filter, shall be applied
to the corrected attitude rates.

[5] The corrected attitude rates shall then be integrated to propagate Spacecraft attitude
knowledge.

3.2.2.2.3.3 Gyro Data Processing Outputs

a.

b.

c.

3.2.2.2.4

Inertial Attitude

Attitude Rates

Ancillary Data for use by payload instruments

Desired Attitude

[1] The Desired Attitude shall be the zer~refenmce computed from the Spacecraft position and
velocity as deterrnhed by the Navigation function plus optional attitude offset.

[2] Attitude Determination and Control shall autonomously transition to the backup EOS
ephemeris when Navigation Filters fails to provide an accurate attitude reference.

a. The criteria for transitioning to the backup EOS ephemeris shall be based on a voting
scheme among the Navigation System, the ESA, and the backup ephemeris.

b. Transitioning to the use of the backup EOS ephemeris shall not cause entry into Safe
Mode.

3.2.2.2.4.1 Desired Attitude Inputs

a. Spacecraft position and velocity

b. Selected offsets

3.23.2.4.2 Desired Attitude Description

[1] The Desixed Attitude calculation shall provide the capability to define a desired attitude for
the Spacecraft.

[2] Capability to support offset pointing and yaw slews shall be provided as detailed below.

[3] The Desired Attitu& calculation shall provide
attitude in support of instrument calibrations.

the capability to add offsets to the desired
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3.222.4.3 Desired Attitude Outputs

a.

b.

3.2.2.2.S

Desired Spacecraft attitude

Desired attitude rates

Spacecraft Attitude Correction

[1] Spacecraft Attitude Correction shall provide the logic for determining Spacecraft attitude
corrections based on the input of Spacecraft attitude emor, and rate data.

[2] The Spacecraft Attitude Comection shall then provide torque commands for the RWASor
torque requests to the Thruster Command as appropriate.

3.22.2S.1 Spacecraft Attitude Correction Inputs

a.

b.

c.

d.

e.

f.

g.

ho

Attitude rates

Inertial attitude

Desired spacecraft attitude

Slew requests

ESA data

RWA tachometer data

Magnetic torque compensation signal

HGA motion compensation signal

3.2.2.2.5.2 Spacecraft Attitude Correction Description

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Spacecraft Attitude Comction shall determine the roll, pitch, and yaw axis attitude errors
(differences between the desired and measured Spacecraft attitudes).

Spacecraft Attitude Correction shall generate reaction wheel commands to implement
Spacecraft movement towards the desired attitude.

The selection of sensors and control laws shall be as directed by the GN&C Mode and
Sequence Control.

Capability shall be provided to drive the desired attitude to perform the 90 degree and 180
degree yaw maneuvers required for orbit adjust.

Slews shall be performed in conjunction with AV maneuvers in nxponsetorequests received
via stored commands.

Capability shall be provided to apply compensating torques to the ~action wheels to
minimize the disturbances due to magnetic unloading, HGA motion, and gyroscopic
torques.

In modes requiring thruster control, orthogonal control torque requests shall be provided for
the Thruster Command.
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3.2.2.2.S.3 Spacecraft Attitude Correction Outputs

a. Reaction wheel commands

b. Orthogonal control torque requests

3.2.2.2.6 High Gain Antema Control

The High Gain Antenna (HGA) Control determines the HGA azimuth and elevation rotation angles
required to point the HGA toward the selected TDRSS Spacecraft and generates the commands to
rotate the HGA. The HGA Control also estimates the torque on the spacecraft due to the motion of
the HGA this estimate is used to compensate for the disturbance which would otherwise result.

3.23.2.6.1 High Gain Antenna Control Inputs

a.

b.

c.

d.

e.

Tracking schedule

TDRS ephemerides

Spacecraft position

Spacecraft inertial attitude

HGA gimbal angles.

3.2.2.2.6.2 High Gain Antenna Control Description

[1] The HGA control software shall perform the following functions:

a.

b.

c.

d.

e.

f.

Monitor the HGA position and assure that its motion constraints me honored.

Monitor the HGA position and provide notilcation when the HGA points in a di.tection
where RF emissions are not allowed.

Determine the command profile to move the HGA to the desired position.

Apply rate limits as required to minimize disturbances.

Generate the commands to rotate the HGA.

Calculate the disturbance torque on the spacecraft that will result from the commanded
HGA motion.

[2] FSW shall provide the capability to apply offsets to High Gain Antenna pointing via a
command bias.

3.2.2.2.6.3 High Gain Antenna Control Outputs

a.

b.

c.

HGA drive commands

Flag to inhibit RF transmission

HGA motion compensation signal
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3.2.2.2.7 Momentum Unloading

[1] The Momentum Unloading shall control unloading of either momentum stonxl in the
reaction wheels or total system Momentum.

[2] Momentum Unloading shall bean independent fimction which shall be available in any of
the GN&C control modes except orbit adjust.

[3] This function shall process inputs to generate commands which will allow the Momentum
to be unloaded.

[4] The primary means of unloading momentum utilizes magnetic fields from the Magnetic
Torque Rods; however a backup method utilizing thrusters shall also be available. The
Momentum Unloading also estimates the to~ue on the spacecraft due to the magnetic field
of the MTRs; this is used to compensate for the disturbance which would othenvise result.

3.2.2.2.7.1 Momentum Unloading Inputs

a. Magnetometer data

b. Reaction wheel tachometer data.

c. Total system momentum.

3.2.2.2.7.2 Momentum Unloading Description

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

The flight softswe shall support unloading of the excess momentum stored in the reaction
wheels.

There shall be two techniques provided magnetic unloading for normal operation, and
thruster unloading for backup or coping with unexpectedly high disturbance torques.

When this function is performed dutig normal Earth pointing using only magnetic torquers,
them shall be no adverse effects on the precision pointing accumcies of the Normal Mode.

Magnetic torquer unloading shall be continuous.

The Magnetic Torque Rod commands mquinxl to control the angular momentum shall be
generated using reaction wheel momentum data, magnetometer data, total system
momentum data and momentum bias data.

The Magnetic Torque Rods create torques so that the wheels are required to be driven in a
direction to reduce the excess angular momentum stored.

If enabled, thruster unloading shall occur when the momentum of a wheel reaches the
speci.fled threshold or when the wheel momentum in the spacecraft body frame reaches a
SpWflC thmhold.

The appropriate thruster command requests shall be generated using either the reaction
wheel momentum data or the wheel momentum resolved into the body frame.

Thruster ftings shall occur at the spectiled rate with each ffig reducing wheel momentum
in the body frame by a specifkd percentage.

Thruster unloading shall be completed when the wheel momentum in the body frame reaches
a specifkd limit.
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3.22.2.7.3 Momentum Unloading Outputs -

a.

b.

c.

d.

3.2.2.2.8

Magnetic torquer commands

Magnetic torque compensation signal

Tlmster unload torque requests

AnciJlary Data for use by payload instruments

Solar Array Drive Control

[1] The Solar Array Drive Control shall provide closed-loop control of the solar array position,
and shall provide a commendable slew capability.

3.2.2.2.8.1 Solar Array Drive Control Inputs

a. Solar array drive position data

b. Solar position

c. Inertial attitude

3.2.2.2.8.2 Solar Array Drive Control Description

[1] The Solar Array Drive Control shall perform the following fimctions:

a.

b.

c.

d.

Read the solar array potentiometer position and transform the current solar array position
into Spacecraft coordinates.

Command the solar array either with a constant rate uplinked ffom the Ground Segment
or

Calculate the ~quimd amay position from the sun position input and adjust the
commanded rate to track the sun.

Command slews as required.

[2] FSW shall provide the capability to apply offsets to Solar Array pointing via a commanded
bias..

3.2.2.2.8.3 Solar Array Drive Control Outputs

a. Solar Array Drive Rate Commands

3.2.2.2.9 Thruster Command

3.2.2.2.9.1 Thruster Command Inputs

a. Delta-V requests

b. Orthogonal control torque requests

c. Thruster unload torque requests
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3.222.9.2 Thruster Command Description -

[1]

[2]

[3]

[4]

[5]

The Thmter Command shall compute thruster on-times for all AV maneuvers. These
on-times include AV ftig and attitude control ftig.

The thruster commands for AV bums shall be based on requests received via stored
commands.

The Thruster Command shall select appropriate combinations of thrusters and compute
thruster on-times for attitude control based on orthogonal control torque requests from
Spacecraft Attitude Correction.

The Thruster Command shall compute thruster on-times for Spacecraft slew maneuvers,
including those required for earth acquisition based on orthogonal control torque ~quests
from Spacecraft Attitude Correction.

The Thruster Command shall select appropriate combinations of thrusters and compute
thruster on-times for backup momentum unloading based on thruster unload requests from
Momentum Unloading.

3.2.2.2.9.3 Thruster Command Outputs

a. Delta-V Thruster on-time commands

b. Attitude Control Thruster on-time commands

3.2.2.2.10 Fault Detection and Correction (FD&C) Algorithms

The GN&C Failure Detection Isolation and Recovery (FDIR) sofhwtre shall provide protection
against any single point failure which could cause loss of attitude control. The FDIR software shall
monitor the status of the GN&C system and command the spacecraft to a safe cordlguration which
does not use the hardwme or software identifk.d to be faulty.

3.2.2.2.10.1 GN&C FDIR Modes

The FDIR software shall perform processing which is dependent on the GN&C control modes and
also performs processing which is not mode dependent.

3.2.2.2.10.1.1 Mode Independent FDIR

The mode independent FDIR software shall perform processing which is common to all mode
Spxtlc FDIR.

[1] Mode switching and initialization failure detection

[2] FDIR logic disable during GN&C Safe Mode

[3] Component fsilure detection and switching logic

[4] Safe Mode configuration logic
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Mode independent FDIR input data

[1] GN&C mode

[2] Reaction wheel tach data

[3] IRU data

Mode independent FDIR output data

[1] Safe Mode Conf@uration

[2] Component selection data

3.2.2.2.10.1.2 Acquisition Mode FDIR

The F’DIRshall perform processing which is unique for the Acquisition mode. The FDIR shall
process sensor data and execute logic to isolate any GN&C hardware or software failure. The
software shall generate the commands to xtmove any component which has been identified as failed
from the GN&C control system processing.

Acquisition Mode FDIR input data

[1] Earth sensor data

[2] IRu data

[3] Attitude and rate thresholds

Acquisition Mode FDIR output data

[1] Command Safe Mode conilgumtion

[2] Component selection data used for control algorithms

3.2.2.2.10.1.3 Normal Mode FDIR

The FIXR shall perform processing which is unique for the Normal mode. The FDIR shall process
sensor data, and GN&C software estimates of spacecraft attitude error and execute logic to isolate
any GN&C hardware or software failure. The software shall generate the commands to remove any
component which has been identfled as failed from the GN&C control system processing.

Normal Mode FDIR input data

[1] Earth sensor data

[2] IRU data

[3] GN&C software generated estimated attitude error.

[4] Attitude and rate thresholds

Normal Mode FDIR output data

[1] Command Safe Mode conflguxmion

[2] Component selection data used for control algorithms
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3.2.2.2.10.1.4 Orbit Adjust Mode FDIR

The FDIR shall perform processing which is unique for the Orbit Adjust mode. The FDIR shall
process sensor data and execute logic to isolate any hardware or softwm failure. The software shall
generate the commands to remove any component which has been identifwl as failed from GN&C
control system processing.

Orbit Adjust Mode FDIR input data

[1] Earth sensor data

[2] IRu data

[3] GN&C software generated estimated attitude error

[4] Attitude and rate thresholds.

Orbit Adjust Mode FDIR output data

[1] Command Safe Mode eotilguration

[2] Component selection data used for control algorithms.

3.2.2.2.10.2 Solar Array Drive Failure Detection Isolation and Recovery

The Solar array drive Failure Detection Isolation and Recovexy software shall monitor and detect
failures in the SAD system. The SAD FDIR shall be enabled via ground commands.

The SAD FDIR shall be disabled by ground command or the deteetion of a failure of a solar array
drive potentiometer.

Issue commands to the redundant solar drive electronics.

SAD FDIR inputs

[1] Solar array potentiometer data

[2] Solar array drive commanded rate data

SAD FDIR outputs

[1] Commands to enable the redundant drive electronics

[2] Provide indication of a detected failure

3.2.2.2.10.3 High Gain Antenna Gimbal Drive Failure Detection and Correction

The HGA FDIR shall perform the processing to detect failures in the HGA gimbal drive mechanism.
The HGA FDIR shall be enabled via ground command.

High Gain Antenna gimbal FDIR inputs

[1] Azimuth and Elevation gimbal data

[2] Gimbal drive position commands
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[4] Gimbal position error thresholds

High Gain Antenna gimbal PDIR outputs

[1] Indication that gimbal angle emors have exceeded thresholds

3.22.3 Navigation Software

[1] Navigation software shall compute the following real-time data

a. Position vector for the sun.

b. Position vector for the moon.

c. Position and velocity vector for the scheduled TDRS.

d. Position and velocity vector for EOS.

e. Doppler frequency prediction for the S-band transponder.

f. Accumulated spacecraft clock time bias with respect to UTC.

[2] Navigation Software shall perform fault detection, isolation, and recovery.

3.2.2.3.1 Astrodynamic Processing

Astrodynarnic Processing computes real-time position vectors for the sun and the moon.

3.2.2.3.1.1 Astrodynamic Processing Inputs

a. Spacecraft clock time.

3.2.2.3.1.2 Astrodynarnic Processing Description

[1] Astrodynamic Processing shall convert spacecraft clock time to Julian date.

[2] Astrodynamic Processing shall compute the geocentric position vector for the sun.

[3] Astrodynamic Processing shall compute the geocentric position vector for the moon.

[4] Astrodynamic Processing shall update Earth inertial coordinate system transformations.

3.22.3.1.3 Astrodynamic Processing Outputs

a. Real-time position vector for the sun.

b. Real-time position vector for the moon.

c. Earth inertial coordinate system transformations.

3.2.2.33 TDRS Propagation

TDRS Propagation computes near-real-time position and velocity vectors for the scheduled TDRS.
State vectors am uplinked daily for four TDRSS.
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3.2.2.321 TDRS Propagation Inputs

a. Four initial TDRS state vectors and associated time tags.

b. Scheduled TDRS identitlcation.

c. Spacecraft clock time.

3.2.2.3.2.2 TDRS Propagation Description

[1] TDRS Propagation shall propagate TDRS position and velocity vectors” by numerically
integrating equations of motion.

[2] TDRS Propagation shall use a propagation time step of 8.192 spacecraft clock seconds when
Doppler measurements are being processed by “Navigation Filter”.

[3] TDRS Propagation shall use a propagation time step of 65.536 spacemft clock seconds
otherwise for all TDRSS.

3.2.2.3.2.3 TDRS Propagation Outputs

a. Near-real-time position and velocity vectors for the scheduled TDRS.

3.2.2.3.3 Navigation Filter

Navigation Filter computes near-real-time position and velocity vectors forEOS. Navigation Filter
also computes the real-time master oscillator frequency error and the real-time accumulated
spacecraft clock time bias with respect to UTC.

3.22.3.3.1 Navigation Filter Inputs

a.

b.

c.

d.

e.

f.

g.

h.

Flag to indicate navigation falter initialization, initial navigation filter state vector,
associated state emor covariance matrix, and time tag.

Spacecraft clock calibration flag and calibration data.

EOS drag makeup maneuver flag, maneuver start time and stop time, and thrust force.

Master oscillator frequency adjust flag, adjust time, and frequency adjustment.

Infrequently uplinked solar activity.

Doppler frequency sums and associated S-Band transponder telemetry.

Scheduled TDRS identification.

Spacecraft clock time.

3.2.2.33.2 Navigation Filter Description

[1) Navigation Filter shall estimate a state vector which includes, as a minimum, the following
elements:

a. EOS position vector.

b. EOS velocity vector.
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[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

s

c. Drag coefllcient correction.

d. Master oscillator frequency emor.

If the initialize flag is set, Navigation Filter shall initialize the state vector and associated
state error covariance matrix using ground uplinked data.

Navigation Filter shall maintain an estimate of the accumulated spacecraft clock time bias
with respect to UTC.

If the spacecraft clock calibration flag is set, Navigation Filter shall reset the accumulated
spacecraft clock time bias to the uplinked calibration value, including UTC leap seconds.

Navigation Filter shall propagate the state vector and state emr covariance matrix.

Navigation Filter shall use a propagation time step of 8.192 spacecraft clock seconds.

Navigation Filter shall propagate the state vector and state enor covariance matrix whether
or not a Doppler measurement is available.

Navigation Filter shall propagate EOS position and velocity vectors by numerically
integrating equations of motion.

Navigation Filter shall model drag makeup accelerations and acceleration uncertainties.

Navigation Filter shall model master oscillator frequency adjustments and frequency
adjustment uncertainties.

Navigation Filter shall sample S-band transponder Doppler frequency sums every 8.192
seconds.

Navigation Filter shall process two successive S-band transponder Doppler frequency sums
to compute a Doppler measurement.

Navigation Filter shall sample S–band transponder telemetry every 1.024 seconds.

Navigation Filter shall reject Doppler measurements and set a flag if S-band transponder
telemetq indicates invalid da~ or if the Doppler measurement exceeds a maximum
allowable value (a range check).

Navigation Filter shall estimate Doppler measurements.

Navigation Filter shall compute Doppler measurement residuals, Doppler measurement
residual variances, and Doppler measurement midual ratios.

Navigation Filter shall reject Doppler measurements that fail an n-sigma measurement
residual edit test.

Lfthe Doppler measurement is accepted, Navigation Filter shall

a. compute the Kalman gain matrix,

b. correct the state vector estimate, and

c. update the state error covariance matrix.

3.2.2.3.3.3 Navigation lWter Outputs

a. State vector.

b. State error covariance matrix.
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c.

d.

e.

3.23.3.4

-

Accumulated spacecraft clock time bias with respect to UTC..

Doppler measurement edit flag.

Engineering telemetry for ground analysis.

Red-Time Interface

Real-Time Interface computes real-time position and velocity vectors for EOS, real-time position
and velocity vectom for the scheduled TDRS, and the real-time Doppler frequency prediction for
the S-band transponder.

3.2.2.3.4.1 Real-Time Interface Inputs

a.

b.

c.

d.

Near-real-time EOS position and velocity vectors fmm “Navigation Filter”.

Near-real-time TDRS position and velocity vectors from “TDRS Propagation”.

Real-time master oscillator frequency from “Navigation Filter”.

Doppler frequency prediction flag for the S-band transponder.

3.22.3.4.2 Real-Time Interface Description

[1] Real-Time Interface shall propagate EOS position and velocity vectors to ml-time, every
0.512 spacecraft clock seconds.

[2] Real-Time Interface shall propagate the scheduled TDRS position and velcxity vectors to
real-time, every 0.512 spacecmft clock seconds.

[3] If the Doppler compensation predict flag is set, Real-Tne Interface shall compute the
Dopplerfiequency prediction for TDRSS S-Band signal acquisition, every 1.024 spacecraft
clock seconds.

3.2.2.3.4.3 Real-Time Interface Outputs

a.

b.

c.

d.

3.2.2.33

Real-time position and velocity vector for EOS.

Real-time position and velocity vector for the scheduled TDRS.

Real-time Doppler frequency prediction for the

Ancillary Data for use by payload instruments.

Orbit Element Conversion

Orbit Element Conversion computes real-time position

S–band transponder.

and velocity vectors for EOS from
periodically uplinked EOS orbit elements. Orbit Element Conversion also computes real-time
position and velocity vectors for the scheduled TDRS from periodically uplinked TDRS orbit
elements. Depending upon the spacecraft mode, Orbit Element Conversion position and velocity
vectors can be used as primary or backup navigation data.
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3.23.3.S.1 Orbit Element Conversion Inputs -

a. Epoch orbit elements for EOS and associated epoch time tag.

b. Epoch orbit elements for four TDRS’s and associated epoch time tags.

c. Scheduled TDRS identi.tlcation.

d. Spacecraft clock time.

3.23.3.5.2 Orbit Element Conversion Description

[1] Orbit Element Conversion shall compute current orbit elements for EOS, then convert the
orbit elements to position and velocity vectors for EOS.

[2] ~it Element Conversion shall compute curmt orbit elements for the scheduled TDRS,
then convert the orbit elements to position and velocity vectors for the scheduled TDRS.

3.2.2.3.5.3 Orbit Element Conversion Outputs

a. Real-time position and velocity vectors for EOS.

b. Real-time position and velocity vectors for the scheduled TDRS.

3.2.2.3.6 Fault Detectio~ Isolatiow and Recovery (FD~)

Fault Detection, Isolation and Recovery compams “Navigation Filter” data and “TDRS
Propagation” data with less accurate backup data. Doppler measurement data and navigation falter
covariance matrix data is also examined. Uplinked ephemeris data is also vetiled before use.

3.2.2.3.6.1 Fault Detection, Isolatio% and Recovery Inputs

a.

b.

c.

d.

e.

f.

!3”

h.

“Navigation Filter” state vector and state error covariance matrix.

“orbit Element Conversion” position and velocity vectors for EOS.

“TDRS Propagation” position and velocity vectors for the scheduled TDRS.

“Orbit Element Conversion” position and velocity vectors for the scheduled TDRS.

Backup polynomial representation of spacecraft clock time bias and master oscillator
normalized fkquency error.

Doppler measurement residual ratios Doppler measurement edit flags.

Scheduled TDRS identflcation.

Spacecraft clock time.

3.2.2.3.6.2 Fault Detection, Isolation, and Recovery Description

[1] Fault Detection, Isolation, and Recovery shall compute the difference between

a. “Navigation Falter” EOS position and velocity vectors, and

b. “Orbit Element Conversion” EOS position and velocity vectors, then
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[2]

[3]

[4]

[5]

[6]

=

c. Set a flag(s) if the difference exceeds the accuracy of the “Orbit Element Conversion”
EOS position and velocity vectors.

Fault Detection, Isolation, and Recovery shall compute the difference between

a.

b.

c.

“TDRS Propagation” scheduled TDRS position and velocity vectors, and

“Orbit Element Conversion” scheduled TDRS position and velocity vectors, then

Set a flag(s) if the difference exceeds the accuracy of the “Orbit Element Conversion”
scheduled TDRS position and velocity vectors.

Fault Detection, Isolation, and Recovery shall compute the difference between

a. “Navigation Filter” accumulated spacecraft clock time bias and master oscillator
normalized fiquency enwr, and

b. Backup polynomial representation of the accumulated spacecraft clock time bias and
master oscillator normalized ffequency emor, then

c. Set a flag(s) if the dMerence exceeds the accuracy of the backup polynomial
representation of the accumulated spacecraft clock time bias and master oscillator
normalized f@uency error.

Fault Detection, Isolation, and Recovery shall maintain a count of edited Doppler
measurements, per TDRS, and set a flag(s) if the count exceeds a pre-specifkd value.

Fault Detection, Isolation, and Recove~ shall set a flag(s) if navigation falter covariance
elements exceed pre-specifkl values.

Fault Detection, Isolation, and Recovery shall verify uplinked EOS and TDRS ephemeris
data, and the uplinked polynomial repmentation of the spacecraft clock time bias and master
oscillator normalized frequency error as follows:

a. A ground verMcation indicator shall be associated with this data. This indicator is set
by the ground to confii ground ver~lcation. The data shall not be used if the indicator
is not set.

b. A continuity check with the previous data set shall be petiormed. Failure of the
continuity check shall prevent use of the data.

c. A time span shall be associated with the data set, which defines when the data is valid.
This data shall only be used when spacecraft clock time is within this time span.

d. A flag(s) shall be set when errors are detected.

3.2.2.3.6.3 Fault Detectio% Isolatio~ and Recovery Outputs

a. EOS position and velocity vector emor flag(s).

b. Scheduled TDRS position and velocity error flag(s).
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c. Spacecraft clock and master oscillator error flag(s).

d. Doppler measurement edit error flag(s).

e. Navigation filter covariance matrix emr flag(s).

f. Uplinked EOS ephemeris error flag(s).

g. Uplinked TDRS ephemeris error flags(s).

h. Uplinked spacecraft clock time bias / master oscillator nonmdized frequency error
polynomial error flag(s).

3.2.3 Power Monitoring and Control Software

3.2.3.1 Day/Mght Duration

3.2.3.1.1 Inputs

a. Short circuit cument telemetry

3.2.3.1.2 Processing Requirements

[1] The process shall determine the day/night transitions based on sample cell telemetry.

[2] If the short circuit current of both sample cells falls below a threshold then Spacecraft
nighttime shall begin.

[3] When both telemeby point’s values exceed a threshold then Spacecraft daytime shall
commence.

[4] The duration of the last Spacecraft day and night shall be calculated.

3.2.3.1.3 outputs

a. The duration of the last Spacecraft suntime

b. The duration of the last Spacecraft night time.

c. Cument status of Spacecraft (O=eclipseil= sun)

3.23.2 Discharge Amp-minutes

3.22.2.1 Inputs

a. Battery 1 current telemetry

b. Battery 2 current telemetry

c. Status of Spacecraft (Sun-1/Eclipse-0)
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3.23.2.2 Processing Requirements

[1) The process shall perform am~minute integration on each battery during discharge periods
(i.e. when in eclipse).

3.2.3.23 outputs

a. Batte~ 1 discharge am~minutes

b. Battery 2 discharge am~minutes

3.23.3 Charge to D~charge Ratio Required

3.2.3.3.1 Inputs

a. Battery 1 temperature telemetry

b. Battery 2 temperature telemeby

c. Batte~ 1 discharge ampmi.nutes

d. Battery 1 discharge am~minutes

e. Status of Spacecraft (Sun-l/Eclipse-O)
,

f. Stored table of C/D ratios as a function of battery temperatum.

3.23.33 Processing Requirements

[1] The process shall determine the desired C/D ratio for each battery based on temperature and
the CA) ratio look-up table.

[2] The process shall determine the desired C/D ratio as soon as the Spacecraft status changes
from discharge (eclipse) to charge (in sun).

3.2.3.3.3 outputs

a. Battexy 1 desired C/D ratio

b. Battery 1 desired C/D ratio

3.2.3.4 Variable Battery Charge Rate Determination

3.2.3.4.1 Inputs

a. Battery 1 desi.md C/D ratio

b. Battery 1 desired C/D ratio

DCC050693 50

---- ---- -



20008662
06May1993

c. Batte~ 1 dischargeamp-minutes

d. Battery 1 dischargeamp-minutes

e. Status of Spacecraft (Sun=l/Eclipse=O)

f. The duration of the last Spacecraft suntime.

3.2.3.42 Processing Requirements

[1] The process shall determine the desired charge amp-minutes required for each battery by
multiplying the desired CIDratio by the dischargeamp-minutes as soon as the Spacecraft
status changesfrom dischargeto charge and the desired C/D ratio has been calculated.

[2] The process shall determinethe chargerate for each battery by dividing the desired charge
amp-minutes by the durationof the last Spacecraftsuntirne minus 5 minutes.

[3] Thecommandedchargerate shallbe thecalculatedchargerate roundedup to thenexthighest
commendablerate.

[4] The processshalldefault to a chargerate of 14.0Amps (U3.6) if the suntimeis less than 15
minutes.

[5] The process shall be capableof being ovemiddenin favor of the Fixed chargerate process.

3.2A43 outputs

a. Battery 1 charge amp-minutes

b. Battery 1charge amp-minutes

c. Battery 1 commandedchargerate

d. Battery 2 commandedchargerate

3.2.3.5 Fixed Battery Charge Rate Determination

3.2.3.5.1 Inputs

a. Battery 1desired CIDratio

b. Battery 1 desired C/D ratio

c. Battery 1 dischargeamp-minutes

d. Battery 1 dischargeamp-minutes

e. Status of Spacecraft (Sun=l/Eclipse=O)

f. The duration of the last Spacecraft suntime.
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3.23.5.2 processing Requirements

[1] The process shall determine the deskd charge amp-minutes re@kd for each battery by
multiplying the desired C/D ratio by the discharge ampminuks as soon as the Spacecraft
status changes fkomdischarge to charge and the desired C/D ratio has been calculated.

[2] The process shall select a charge rate of c/2.5 (20.0 Amps).

[3] The processshallbe capableof beingoverriddeninfavor of the Variablechargerate process.

3.23.5.3 outputs

a. Battery 1 chaqgeamp-minutes

b. Battery 1charge amp-minutes

c. Battery 1commanded charge rate

d. Battery 2 commanded charge rate

3.23.6 Battery lkickle Charge Rate Determination

3.22.6.1 Inputs

a. Battery 1 charge amp-minutes required

b. Battery 1 charge amp-minutes mqui.red

c. Battery 1 current telemetry

d. Battery 2 current telemetry

e. Status of Spacecraft (Sun=l/Eclipse=O)

3.23.6.2 Processing Requirements

[1] During Spacecraft sunlight, the process shall perform charge amp-minute integration.

[2] When the integrated charge ampninutes equals the charge ampninute required, the
battery charge rate shall be commanded to the trickle chargerate (.55 Amps).

[3] The process shall set a status flag to indicate the battery is fully charged.

[4] The status flag shall be reset once discharge has begun.

3.23.63 outputs

a. Battery 1charge amp-minutes

b. Battery 1 charge amp-minutes

c. Battay 1 commanded charge rate
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d.

e.

f.

3.2.3.7

3.23.7.1

a.

b.

c.

d.

e.

f.

3.2.3.7.2

[1]

[2]

[3]

[4]

[5]

Battery 2 commandedchargerate

Battery 1 fully charged status

Batte~ 2 fully charged status

Battery Theoretical SOC Determination

Inputs

Battery 1 temperature telemetry

Batte~ 2 temperature telemetry

Battery 1 cumenttelemetry

Battery 2 current telemetry

Status of Spacecraft (Sun=l/Eclipse-0)

Batte~ efficiency parameters

Battery 1fully charged status

Battery 2 fully charged status

Battery 1 commanded chargerate

Battery 2 commandedchargerate

Processing Requirements

The process shall determine the theoretical ampninute chargefor each battery during the
sunlight periods.

The amp-minutes of battery charging shall be integrated over time by multiplying the
battery charge current by the charging efilciency.

The process shall determine the battery chargingefilciency using the following algorithm:

Efficiency = & + Al * T + Az * T2

Where:
AO,AI, and Az -=Battery charge efficiency parameters
T = Battery temperature

The process shall stop battery charge current integration after the battery has been
commanded to trickle chargerate.

The theoretical state of charge shall be reset to full charge when battery is commanded to
trickle charge.
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3.23.73 outputs “

a. Battery 1 theoretical state of charge

b. Batte~ 2 theoreticalstate of charge

3.23.8 Actual Battery State of Charge

3.23.8.1 Inputs

a. Battery 1 chargeamp-minutes

b. Battery 1 chargeam~minutes

c. Status of Spacecraft(Sun=l/ECli~4)

d. Battery 1fully charged status

e. Batte~ 2 fully chargedstatus

f. Battery 1 commandedchargerate

g. Batte~ 2 commandedchargerate

3.2.3.8.2 Processing Requirements

[1] The processshalldeterminethebatterystateofchargeby integratingthebatterycurrentover
time.

[2] The process shall stop battery charge current integration after the battery has been
commanded to trickle chargerate.

[3] During discharge,the process shall determinebattery state of chargeby integrating battery
current over time.

[4] The actual state of cha.xgeshall be reset to full chargewhen battery is commandedto trickle
charge.

3.23.83

a.

b.

3.2.3.9

3.2.3.9.1

a.

b.

outputs

Battery 1 actual state of charge

Battery 2 actual state of charge

Battery State of Charge Based on Battery

Inputs

Battery 1 (A,B,C& D) pressure telemetry

Battery 2 (AJ3,C & D) pressure telemetq

Pressure
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d. Battexy2 temperature telemetry

e. Battexy1 (A,B,C&D) cell voltage telemetry

f. Battery 2 (A,B,C & D) cell voltage telemetry

g. Status of Spacecraft (Sun=l/Eclipse=O)

h. Batte~ Pressure, temperature,voltage state~f-charge table

3.2.3.9.2 Processing Requirements

[1] The process shalldeterminethe battery stateof chargeby performinga table look-up based
on pressure, voltage, and temperature.

3.2.3.9.3 outputs

a. Batte~ 1 pressure state of charge

b. Battery 2 pressure state of charge

3.2.3.10 Load Power Monitoring

3.2.3.10.1 hlpllts

a. Componentcumenttelemetry

b. Bus voltage telemetry

c. Load profile table (with status for automaticswitch over to redundant side)

3.2.3.10.2 Processing Requirements

[1] The process shall determine the component load demand by multiplying the component
cumenttelemetry by the bus voltage telemetry (EPC28V telemetry if applicable).

[2] The process shall compare the load demand to the load profile and set a flag if the load is
20% over power.

[3] The process shall command the componentoff and the back-up component on if the load
demand is 80% overpowered and the load profile table has this function enabled.

3.2.3.103 Outputs

a. Componentordoffcommands

b. Componentoverpowered telemetry flags

c. Component load demand telemetry
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3.2.3.11 Load Shedding

3.2.3.11.1 Inputs

a. Battery 1 theoretical state of charge

b. Battery 2 theoretical state of charge

c. Load shed profde table (with load priority)

3.2.3.11.2 Processing Requirements

[1] The process shall shed loads in order of priority if either battery theoretical state of charge
falls below 70% SOC (65% with one cell failed).

3.2.3 .11.3

a.

3.2.3.12

3.2.3.12.1

a.

b.

c.

d.

e.

f.

g“

3.2.3.12.2

outputs

Componentotioff commands

Solar Array Power Monitoring

Inputs

Total array shunt current

SSU control voltage

Solar array current

Total load cufient

Battery 1 current

Batte~ 2 current

Status of Spacecraft (Sun==I/Eclipse-O)

Processing Requirements

[1] The processshalldeterminethe healthof the solararmyby calculatingthe solararraypower.

[2] The solar arraycurrentshall be calculatedby addingthe batterychargecumentsand the load
current.

[3] The solar arraycapabilityshall bedeterminedby addingthe solararraycurrentandthe shunt
current

3.2.3.12.3 Outputs

a. Calculated solar array curnmt

b. Calculated solar array capability.
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3.2.4 Thermal Monitoring and Contml Software

This sectionspecfles the softwarerequirementsfor the TCSflight softswm, the portion of the EOS
Spacecraftflight softwaresupportingthe thermal control subsystem.

[1]

[2]

3.2.4.1

[1]

TheTCSsoftwareshallbe responsiblefor providingautonomouscontrol of theTCS, where
required,and monitoringfunctions.

The TCS flight software shall have the capability of monitoring and controlling TCS
components to the degree required to isolate faults, provide alerts for emergencies, and
control equipmentoperation, as required.

TCS Modes

The TCSflight softwareshall support operation of the TCS in all Spacecraft modes.

3.2.4.2 TCS Processes

The processes to be petiormed by the TCS flight software include:

a.

b.

c.

d.

3.2.4.2.1

TCSFault Detection, Isolation, and Recovery

CPHTSReservoir OperationalHeater Set–pointTemperatumChanges

CPHTSStart-Up and Control

Transitionto Safe-Hold Mode

TCS Fault Detection, Isolatio~ and Recovery

3.2.4.2.1.1 Inputs

a.

b.

c.

d,

e.

ComponentTemperatureTelemetry

Pressure Switch

Heater status

Allowabletemperaturdpressure ranges

Operatingmode/componentconilgumtion

3.2.4.2.L2 Processing Requirements

[1] The TCS flight software shall have the capability of monitoring
components to the degree required to isolate faults, provide alerts
initiate recovery actions, if required.

and controlling TCS
for emergencies, and

[2] The TCSflight softwareshall maintainand store,for each telemetry temperaturesensor,the
maximumand minimum allowable temperaturevalues.

[3] These shall be used for comparison with actual temperature telemetry readings in fault
detection,and shall initiate FDIR process.

57 DCC050693



20008662
06May1993

3.2.4.2.1.3 outputs

(TBD-7)

3.2.4.2.2 CPHTS Reservoir Operational Heater Set-Point Temperature Changes

3.2.4.2.2.1 Inputs

a.

b.

c.

d.

e.

CPHTS temperature telemetry

Instrument (CPHTS-controlled) status

Allowable temperate ranges

CPHTSReservoir temperature set point

Pressure Switch

3.2.4.22.2 Processing Requirements

[1] Flight software controlled heater set–point temperature changes (for CPHTS Reservoir
only) shallbe providedto maintainoperatingCPHTStemperatures(particularlyInstrument
interface temperatures) within their allowablerange.

3.2.4.2.2.3 outputs

a. Updated CPHTSReservoir temperatureset point

3.2.4.2.3 CPHTS start-up

3.2.4.22.1 Inputs

a.

b.

c.

d.

e.

CPHTS temperature telemetry

Instrument (CPHTS-controlled) status

Allowable temperature ranges

CPHTS Reservoir temperature set point

start-up command

3.2.4.2.3.2 Processing Requirements

[1] Flight softwm shall perform sequence
CPHTS from quiescent conditions.

[21 The controlled start-up of the CPHTS

of heater controller commands to start-up the

shall be provided, following a pm-determined.-
timeline andbr dependent on spec~lc temperaturetelemetry response.
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3.2.4.2.3.3 output

(TBD+)

3.2.4.2.4 ‘IkamMionto Safe Mode

(TBD-9)

3.2.4.3 External Software Interfaces

[1] The TCS software shall be resident in the C&DHSpacecraftControlComputer (SCC).

3.3 External Interface Requirements

This section contains the specflcation of requirements for interfacesbetweenthe Flight Software
System and its external environment. As shownin Figwe 3, the Flight SoftwareSystem’sexternal
interfaces are the Ground ControlFacility/LVSystem, Subsystemsand Instruments.

bm=t-Dia/gawIO
EOSAM FlightSofmarcS@cm

------ -----

~-~

Upthk C4=DSmdD9ta Spacecd Ban cktd ~
/ ----- ”-w___ _-

Gmnu_CodnIl-
Fmility

IB8tnlmd Hmm!kcca

ImBtmDmtB

----- ----- --

Figure 3. EOS-AM Flight Software System Context DFD
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3.3.1 Ground Control Faci.lity/LV System Interface-

The Ground ControlFacility is responsible for scheduling,controlling and monitoring the daily
activities of the EOS-AM Spacecraft. Spacecraftcommandsfor both Instruments and Spacecraft
Bus Subsystemsare sent to the spacecraftin the form of red-time commandsor storedcommands.
EOS-AM Spacecraftactivitiesare monitoredfor compliancewith scheduledevents and monitored
for any spacecraftanomaliesby receiving and processingSpacecraftTelemehy. In addition,ascent
telemetry shall be providedto the LV interface in accordancewith 1S20008503and UDC-501.

The followingrequirements are tie implemen~tion constrfits:

[1] Spacecraft_Commandsshall be limited to 35 Commandsper Second.
[2] Spacecraft_Telemetryshall be limited to 1Kbps downlinktelemetry for Health and Safety

functions.
[3] Spacecraft_Telemetry shall be limited to 16 Kbps downlink telemetry for Spacecraft

Housekeepingfunctions.

3.3.2 Subsystems Intefice

The EOS–AM SpacecraftSubsystemsprovides telemetry data which the Flight Software System
processes. Telemetry data received by the Flight Software System is processed by the various
componentswhichmakesup the softwaresystem. The processingptxformedon the telemetrydata
is in support of the closed loop interfaces to subsystems components such as reaction wheel
assemblies, thrusters, solar array,high gain antenna and many mom. The Flight Soflware System
generates subsystemscommands in supportof these closed loop interfaces. Open loop interfaces
are also supported by the Flight Software System. Flight Software System components receive
subsystem telemetry,process the data and provide new data to the other external interfaces of the
Flight Software System. These open loop interfaces exist to support functions such as generation
and distribution of ancilhuy data in which subsystemtelemetry is received, process by the various
components of the Flight Software System and distributed by other components of the software
system across both the Instrument intetiace and GroundControl Facility Interface.

The following requirements are the implementationconstraints:

(TBD-1O).

3.3.3 Instruments Interface

The Flight Software System interface with the EOS–AM Spacecraft Instruments is provided to
support instrument management by the Ground Control Facility. Instrument health and status
telemetry is ~ceived by the Flight SoftwareSystemto be includedin the spacecrafttelemetrybeing
sent to the GroundControlFacility. Processingof instrumenttelemetry is performedby the Flight
Software System to facilitate managementof the instruments and to detect and isolate instrument
anomalies.

[1] The FSW system shall comply with the interface requirements specifkd in the General
Instrument Interface Specflcation (GIIS), GSFC 420-03-02.

[2] The FSW system shall comply with the interfacerequirements of the EOS–AMInstrument
sets described in Unique Instrument Interface Documents (UIIDS).
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The followingrequirementsare the implementationconstrain

3.4

3.4.1

[1]

3.4.2

[1]

[2]

[3]

3.43

[1]

3.4.4

[1]

3.4.5

[1]

3.4.6

[1]

3.5

(TBD-11)

Performance and Quality Engineering Requirements

Product Assurance Requirements

The FSW system shall comply with the requirementsof GSFC 42CW5-02.

Development Requirements

The Flight Software System shall be developed in compliance with the NASA Standard
Software Life Cycle for software programs greater than 5,000 Softvme Lines Of Code
(SLOC).
The Flight Software System shall be documented in compliance with the standards in
NASA-STB21ML91 for softwareprogramsgreaterthan 5,000SLOC.(Speci.tlclife cycle
adaptationsmaybe consideredwhen the SystemLines of Code (SLOC)to be implemented
me greaterthan 500andequal to or less than 5000. Life cycleand documentationstandards
definedin NASA–SD21B91 do not applywhenthe SLOCto be implementedare equal
to or less than 500.)

The Flight Software System shall be developed and documented in compliance with the
policies definedin thePN20008655,SoftwareManagementPlan for EOS-AM Spacecraft,
13March 1992.

p~~ s~~ds
The Flight Software System shall adhere to the EOS Software Programming Practices
Standard and Conventions(PPS&C)documentfor programmingstandards requirements.

Ease of Modification

The Flight Software System shall adhere to the EOS Software Programming Practices
Standard and Conventions(PPS&C)documentfor ease of mtilcation requirements.

Ease of Testing

The Flight Software System shall adhere to the EOS Software Programming Practices
Standard and Conventions(PPS&C)documentfor ease of testing ~quirements.

Ease of Expanding

The Flight Software System shall adhere to the EOS Software Programming Practices
Standard and Conventions(PPS&C)documentfor ease of expandingrequirements.

Safety Requirements

(TBD-12)

3.6 Security and Privacy Requirements

N/A
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4 VERIFICATION MATRKX

The vetilcation matrix will be providedunder separatecover as AttachmentA to this document.
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TheRequirementsTraceabilityMatrixwillbeprovidedunderseparatecoverasAttachmentB to this
document.
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6 ABBREVIATIONS AND ACRONYMS -

The acronymsand abbreviationsare containedin the EOS-AM SpacecraftProgram AcronymList,
EOS-DN-SE&I-025 .
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7 GLOSSARY

The glossary is contained in the EOS-AM SpacecraftSoftwareGlossary,EOS-DN-SW-036.
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The following table contains the allocationof the various functions described in this document to
the FSWS CSCIS.

CSCIS
Functions

CT&C NAV ADAC EPs& 0s/ CTIU Scc
TCS Exec

a ~ - <
3.1.15.1 x x x x x x x
FSWS General
Functions

3.1.8 x x x x x x x
FSWS FDIR Functions

3.1.5,3.1.7 x x x x x x x
CommandRequirements

3.1.5.4.1,3.1.14.2 x x x x x x x
TelemetryData Content

3.1.15.5 x x x x
FSWS Ancillary Data
support

3.2.2.3.2 x
TDRSS

3.1.15.6 x x
FSWS Command and
Memory Load
Processing Rates

3.1.9.1.2 x x x x x
FSWS Reprogramming

3.1.9.11 x x x x x x x
Integrity and Revision
Checking

3.1.9.1.2 x x x x x x x
Computer Program
Implementation

3.1.9.2.3 x x x x x x x
FSWSProgramming
Language
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CSCIS
Functions

cT&c NAV ADAC EPS8L 0s/ CTIU Scc
TCS Exee

3.1.9.2.4 x x x x x x x
FSWSMargin
Requirements

3.2.1.5 x
C’ITUFirmware

3.2.1.1 x
SCC Softwarefor the
C&DHS

3.2.2.1 GN&C SOftW~ x x
External Interfaces

3.2.2.2 x
Attitude Determination
and Control Software

3.2.2.3 x
Navigation Software

3.2.3 x
Power Monitoring and
Control Software

3.2.4 x
Thermal Monitoring and
Control Software

3.2.1.6.1 x x x x x x x
Memory
LoadingiDun~ping

3.2.2.3.1 x
Astrodynamic
Processing

3.2.2.3.2 x
TDRS Propagation

3.2.2.3.3 x
NavigationFilter

3.2.1.6.2 x x x x x x x
System Tables
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CSCIS

Functions
CT&C NAV ADAC EPstk 0s/ CTIU Scc

TCS Ike

3.2.1.6.3 x x x x x x x
Commandand Data
Handling

3.1.17.1 x
AbsoluteTme
Command(ATC)
Storage

3.1.17.2 x
AbsoluteTime
CommandProcessing

3.1.17.3 x
Relative Time
Sequences

3.1.17.4 x
Telemehy Monitor

3.1.17.5 x
TelemetryReporting

3.1.17.6 x x x
Time Maintenance

3.3External Intetiace x x x x x x x
Requirements

3.4.1Product Assurance x x x x x x x
Requirements
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